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R68000 MICROPROCESSOR AND PERIPHERAL FAMILY 
16-bit Speed and Data Capacity, Peripiierals to Build Efficient 

Systems 



Rockwell peripherals give a designer everything the 
68000 family promises. They allow you to design functional 
systems utilizing all the speed and data handling potential 
of the 16-bit 68000 family. 

First of these are the Rockwell designed 16-bit 
peripherals— -multi-protocol communications controller, 
double density floppy disk controller, local area network 
controller— each a significant "first" that eliminates the 
"glue parts" between a CPU and peripherals. 

Not to be ignored, however, is the very wide and 
complete family of 8-bit devices— processors, peripherals, 
memory, single-chip microcomputers— compatible with the 
R68000 family. All of the R6500 family of devices described 
in this Data Book are directly compatible with the R68000 
bus. They often provide efficient, economical and very 
flexible ways of implementing system designs. 

The Rockwell R68000 16-bit microprocessor (MRU) 
operates at clock speeds of 4, 6, 8, 10 or 12.5 MHz to 
match essentially any application. 

The R68561 multi-protocol communications controller 
(MPCC) Is the highest throughput communications device 



ever made commercially available. It operates up to 
4 Mbits/sec and supports all major communication protocols. 
It's available to work with either 1 6-bit or 8-bit busses and 
can be adapted to function with essentially any of today's 
more common busses. 

The R68465 double density floppy disk controller 
(DDFDC) is an intelligent device that can run up to four disk 
drives without the many support devices previously 
required. 

The R68802* provides a flexible local area network 
(LNET) controller for the R68000. It supports both the 
IEEE 802.3 and Ethernet* standards based on the proven 
CSMA/CD technique together with network statistics. 

Rockwell lets you build efficient and economical 16-bit 
systems through families of 16-bit and 8-bit peripherals, all 
compatible. No other supplier offers you more. 

*R68802 is a trademark of the Rockwell International Corp. 
* Ethernet is a trademark of the Xerox Corp. 
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R68000 
16-BIT MICROPROCESSING UNIT (MPU) 




PRELIMINARY 



DESCRIPTION 

The R68000 microprocessor is designed for high performance 
where operational computation and versatility Is required. The 
R68000 provides powerful mass-memory handling capability and 
architectural features designed to fit the broad range of 16-bit 
needs. The Rockwell family of 16-bit products also includes a 
wide range of peripherals that will allow complete system design 
and manufacture. 
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The R68000 offers seventeen 32-bit registers in addition to the 
32-blt program counter and a 16-bit status register. The first eight 
registers (D0-D7) are used as data registers for byte (8-bit), word 
(16-bit), and long word (32-bit) data operations. The second set 
of seven registers (A0-A6) and the system stack pointer may be 
used as software stack pointers and base address registers. In 
addition, these registers may be used for word and long word 
address operations. All 17 registers may be used as index 
registers. 

FEATURES 

• 16M byte (8M word) Linear Addessing Range 

• 14 Operand Addressing Modes 

• 56 Powerful Instruction Types 

• Instruction Set Supports Structured HIgh-Level Languages 

• Pipelining Instruction Execution 

• 32-Bit Program Counter 

• 16-Bit Data Bus 

• 23-Line Address Bus 

• 32-Bit Data and Address Registers Including: 

— Eight General Purpose Data Registers 

— Seven Address Registers 

— Two Stack Pointers (User, Supervisory) 

• All 1 7 Registers Can Be Index Registers 

• Memory Mapped Peripheral Devices 

• Vector Generated Exception Processing 

• Seven Unique Autovectors for Interrupt Service Routines 

• Trace Mode for Software Debugging 

• Operations Occur on Five Main Data Types 

— Bit 

— BCD 

— Byte 

— Word 

— Long Word 

• Asynchronous and Synchronous Peripheral Interface 
Capability 

• Many Peripheral Chips Available 

— R68560 Multi-Protocol Communications Controller 

— R68465 Double Density Floppy Disk Controller 

— R68802 Local Network Controller 

• Up to 12.5 MHz Input Clock 

• +5 VDC Power Supply 
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ORDERING INFORMATION 



Order 


Package 




Temperature 


Number 


Type 


Frequency 


Range 


R68000C4 


Ceramic DIP 


4 MHz 


0°C to +70°C 


R68000C6 


Ceramic DIP 


6 MHz 


0°C to +70''C 


R68000C8 


Ceramic DIP 


8 MHz 


0°C to +70°C 


R68000C10 


Ceramic DIP 


10 MHz 


0°C to +70°C 


R68000C12 


Ceramic DIP 


12.5 MHz 


0°C to + 70°C 


R68000Q8 


Plastic QUIP 


8 MHz 


0°C to +55°C 


R68000Q10 


Plastic QUIP 


10 MHz 


0°C to +55°C 
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SIGNAL DESCRIPTION 

The following paragraphs briefly describe the input and output 
signals and also reference (If applicable) other paragraphs that 
contain more detail about the function being performed. Bus 
operation during the various machine cycles and operations is 
also discussed. The input and output signals can be functionally 
organized into the groups shown in Figure 1 . 

Note 

The terms assertion and negation are used to avoid con- 
fusion when dealing with a mixture of "active-low" and 
"active-high" signals. The terms assert, or assertion, indi- 
cates that a signal is active, or true, independent of 
whether that voltage is low or high. The term negate, or 
negation, indicates that a signal is inactive or false. 

ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional, 
three-state bus can address eight megawords of data. It pro- 
vides the address for bus operation during all cycles except inter- 
rupt cycles. During interrupt cycles, address lines A1 , A2, and 
A3 encode the interrupt level to be serviced while address lines 
A4 through A23 are all set high. 

DATA BUS (DO THROUGH D1 5). This 16-bit, bidirectional, 
three-state bus is the general purpose data path. It transfers and 
accepts data in either word or byte length. During an interrupt 
acknowledge cycle, an external device supplies the vector 
number on data lines D0-D7. 

ASYNCHRONOUS BUS CONTROL. Asynchronous data 
transfers are handled using the following control signals: address 
strobe, read/write, upper and lower data strobes, and data 
transfer acknowlege. These signals are explained in the follow- 
ing paragraphs. 



Vcc(2) 



GND(2) . 



CLK 



.FCO 




ADDRESS 



BUS 



> .data; 

BUS 
^AS 



> 



A1-A23 



D0-D15 



R/W 



UPS 



LPS 



. PTACK 



ASYNCHRO- 
*NOUS BUS 
CONTROL 



,BR 



I BUS 

Iarbitra- 

fTION 
^GACK CONTROL 



BG 



| IPLO 
.iPL2 



Ljc 



INTERRUPT 
CONTROL 



Address Strobe (AS). The AS output indicates that there is a 
valid address on the address bus. 

Read/Write (R/W). The R/W output defines the data bus transfer 
as a read or write cycle. The R/W signal also works in conjunction 
with the upper and lower data strobes as explained in the follow- 
ing paragraph. 

Upper and Lower Data Strobes (UDS, LDS). The UDS and LDS 

outputs control the data on the data bus, as shown in Table 1. 
When the R/W line is high, th^ processor reads from the data 
bus as indicated. When the R/W line is low, the processor writes 
to the data bus as shown. 




Data Transfer Acknowledge (DTACK). The DTACK input indi- 
cates that t he data transfer is completed. When the processor 
recognizes DTACK during a read cy cle, data is latched and the 
bus cycle terminated. VVhen DTACK is recognized during a write 
cycle, the bus cycle terminates. Refer to ASYNCHRONOUS 
VERSUS SYNCHRONOUS OPERATION. 

BUS ARBITRATION CONTROL. These three signals form a bus 
arbitration circuit to determine which device will be the bus 
master device. 

Bus Request (BR). The BR input indicates to the processor that 
some other device desires to become the bus master. This input 
can be externally ORed with all other devices that could be bus 
masters. 

Bus Grant (BG). The BG output indicates to all other potential 
bus master devices that the processor will release bus control 
at the end of the current bus cycle. 



Bus Grant Acknowledge (BGACK). The BGACK input indicates 
that some other device has become the bus master. This signal 
cannot be asserted until the following four conditions are met: 

1. a bus grant (BG) has been received, 

2. address strobe (AS) is inactive which indicates that the 
processor is not using the bus 

Table 1. Data Strobe Control of Data Bus 



Figure 1 . Input and Output Signals 



UPS 


LPS 


R/W 


P8-P15 


D0-P7 


High 


High 


— 


No valid data 


No valid data 


Low 


Low 


High 


Valid data bits 
8-15 


Valid data bits 
0-7 


High 


Low 


High 


No valid data 


Valid data bits 
0-7 


Low 


High 


High 


Valid data bits 
8-15 


No valid data 


Low 


Low 


Low 


Valid data bits 
8-15 


Valid data bits 
0-7 


High 


Low 


Low 


Valid data bits 
0-7* 


Valid data bits 
0-7 


Low 


High 


Low 


Valid data bits 
8-15 


Valid data bits 
8-15* 


*These conditions are a result of current implementation and may not 
appear on future devices. 
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3. data transfer acknowledge (DTACK) is inactive which 
indicates that neither memory nor peripherals are using the 
bus, and 



4. bus grant acknowledge (BGACK) is inactive which 
indicates that no other device is still claiming bus mastership. 

INTERRUPT CONTROL (IPLO, IPLI, iPL2). These input pins 
indicate the encoded priority level of the device requesting an 
Interrupt/Level seven is the highest priority while level zero indi- 
cates th at no interrupts are requested. Level seven cannot be 
masked. IPLO is the least significant bit while IPL2 is the most 
significant bit. To insur e an interrupt is recognized, the inter- 
rupt control lines (IPLX) must remain stable until the processor 
signals interrupt acknowledge (FCO, FC1 , and FC2 all high). 

SYSTEM CONTROL. The system control inputs either reset or 
halt the processor or indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 



Bus Error (BERR). The BERR input informs the processor that 
a problem exists with the cycle currently beirig executed. 
Problems may be a result of: 

1. nonrespondirig devices, 

2. interrupt vector number acquisition failure, 

3. illegal access request as determined by a memory manage- 
ment unit, or 

4. other application dependent errors. 



The Bus Error (BERR) signal interacts with the HALT signal to 
determine if exception processing should be performed or the 
current bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph for 
additional information about the interaction of the bus error and 
halt signals. 



Reset (RESET). This bidirectional signal line acts to reset (initiate 
a system initialization sequence) the processor and system in 
response to an external reset signal. An internally generated 
reset (result of a RESET instruction) resets all external devices 
while not affecting the internal state of the processor. A total 
system reset ( pro cessor a nd external devices) is the result of 
external HALT and RESET signals applied simultaneously. Refer 
to RESET OPERATION paragraph for additional information. 



Halt (HALT). The bidirectional HALT line, when driven by an 
external device, will cause the processor to stop at the c omple- 
tion of the current bus cycle. Halting the processor using HALT 
causes all control signals to go inactive and all three-state lines 
to go to their high-impedance state. Refer to BUS ERROR AND 
HALT OPERATION paragra ph for a dditi onal in formation about 
the interaction between the HALT and BERR signals. 

When the processor has stopped exec uting in structions, such 
as in a double bus fault condition, the HALT line is driven by 
the processor to indicate to external devices that the processor 
has stopped. Refer to paragaph on Double Bus Faults. 



R6500 PERIPHERAL CONTROL. These control signals are 
used to allow the interfacing of synchronous R6500 peripheral 
devices with the asynchronous R68000. These signals are 
explained in the following paragraphs. 

Enable (E). The E output signal is the standard enable signal 
(02 clock) common to all R6500 type peripheral devices. The 
period for this output is ten R68000 clock periods (six clocks 
low; four clocks high). Enable is generated by an internal ring 
counter which may come up in any state (i.e., at power on, it 
is impossible to guarantee phase relationship of E to CLK). E 
is a free-running clock and runs regardless of the state of the 
bus on the MPU. 

Valid Peripheral Address (VPA). The VPA input indicates that 
the device or region addressed is a R6500 family device and 
that data transfer should be synchronized with the enable (E) 
signal. This input also indicates that the processor should use 
automatic vectoring for an interrupt. Refer to INTERFACE WITH 
R6500 PERIPHERALS. 

Valid Memory Address (VMA). The VMA output indicates to 
R6500 peripheral devices that there is a valid address on the 
address bus and that the processor is synchronized to e nable . 
This signal only responds to a valid peripheral address (VPA) 
input which indicates that the peripheral is a R6500 family device. 

PROCESSOR STATUS (FCO, FC1 , FC2). These function code 
outputs indicate the state (user or supervisor) and the cycle type 
currently being executed, as shown in Table 2. The information 
indicated by the function code outputs is valid whenever address 
strobe (AS) is active. 

CLOCK (CLK). The clock input is a TTL-compatible signal that 
is internally buffered for development of the internal clocks 
needed by the processor. The clock input should not be gated 
off at any time and the clock signal must conform to minimum 
and maximum pulse width times. 

SIGNAL SUMMARY. Table 3 summarizes all the signals dis- 
cussed in the previous paragraphs. 



Table 2. Function Code Outputs 



FC2 


FC1 


FCO 


Cycle Type 


Low 


Low 


Low 


(Undefined, Reserved) 


Low 


Low 


High 


User Data 


Low 


High 


Low 


User Program 


Low 


High 


High 


(Undefined, Reserved) 


High 


Low 


Low 


(Undefined, Reserved) 


High 


Low 


High 


Supervisor Data 


High 


High 


Low 


Supervisor Program 


High 


High 


High 


Interrupt Acknowledge 
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Table 3. Signal Summary 


Signal Name 


Mnemonic 


Input/Output 


Active State 


Hi-Z 


On HALT 




On BGACK 


Address Bus 


A1-A23 


Output 


High 


Yes 


Yes 


Data Bus 


D0-D15 


Input/Output 


High 


Yes 


Yes 


Address Strobe 


AS 


Output 


Low 


No 


Yes 


Read/Write 


R/W 


Output 


Read-High 
Write-Low 


No 


Yes 


Upper and Lower Data Strobes 


UDS, LOS 


Output 


Low 


No 


Yes 


Data Transfer Acknowledge 




Input 


Low 


No 


No 


DTACK 


Bus Request 


BR 


Input 


Low 


No 


No 


Bus Grant 


BG 


Output 


Low 


No 


No 


Bus Grant Acknowledge 


BGACK 


Input 


Low 


No 


No 


Interrupt Priority Level 


IPLO, IPL1, IPL2 


Input 


Low 


No 


No 


Bus Error 


BERR 


Input 


Low 


No 


No 


Reset 


RESET 


Input/Output 


Low 


No* 


No* 


Halt 


HALT 


Input/Output 


Low 


No* 


No* 


Enable 


E 


Output 


High 


No 


No 


Valid Memory Address 


VMA 


Output 


Low 


No 


Yes 


Valid Peripheral Address 


VPA 


Input 


Low 


No 


No 


Function Code Output 


FCO, FC1, FC2 


Output 


High 


No 


Yes 


Clock 


CLK 


Input 


High - 


No 


No 


Power Input 


vcc 


Input 


- 


- 


- 


Ground 


GND 


Input 


- 


'■^'■--■ 


- 


•Open drain. 




REGISTER DESCRIPTION AND DATA 
ORGANIZATION 

STATUS REGISTER. The status register contains the eight level 
interrupt rnask as well as the condition codes; extend (X), 
negative (N), zero (Z), overflow (V), and carry (C). Additional 
status bits indicate that the processor is in a trace (T) nnode 
and/or In a supervisor (S) state. 



SYSTEM BYTE 



USER BYTE* 



15 13 



10 8 



i^ ^'4'^l'^^^HH^hh 



TRACE MODE | INTERRUPT EXTEND] 
SUPERVISOR MASK NEGATIVE 
STATE ZERO 

OVERFLOW 

CARRY 
•CONDITION CODE REGISTER 



Status Register 



OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, a 
word equals 16 bits, and a long word equals 32 bits. The operand 
size for each instruction is either explicitly encoded in the instruc- 
tion or implicitly defined by the instruction operation. Implicit 
instructions support some subset of alt three sizes. 

DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, or 
32 bits. The seven address registers together with the active 
stack pointer support address operands of 32 bits. 

DATA REGISTERS. Each data register is 32 bits wide. Byte 
operands occupy the low order 8 bits, word operands the low 
order 16 bits, and long word operands the entire 32 bits. The 
least significant bit is addressed as bit zero; the most signifi- 
cant bit is addressed as bit 31. When a data register Is used 
as either a source or destination operand, only the appropriate 
low-order portion is changed; the remaining high order portion 
is neither used nor changed. 
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15 


14 


13 12 11 


10 


9 8 7 6 


5 4 3 2 1 







^ 






BYTE 000000 




WORD 000000 

1 


BYTE 000001 




7 






BYTE 000002 




WORD 000002 

1 


BYTE 000003 




^ i 






BYTEFFFFFE 




WORDFFFFFE 

1 


BYTE FFFFFF 























Figure 2. Word Organization In Memory 



ADDRESS REGISTERS. Each address register and the stack 
pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support byte sized operands. Therefore, when 
an address register is used as a source operand, either the low 
order word or the entire long word operand is used depending 
upon the operation size. When an address register is used as 
the destination operand, the entire register is affected regardless 
of the operation size. If the operation size is word, any other 
operands are sign extended to 32 bits before the operation is 
performed. 

DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 2. The low order byte has an odd address that is one 
higher than the word address. Instructions and multi-byte data 
are accessed only on word (even byte) boundaries. If a long word 
datum is located at address n (n even), then the second word 
of that datum is located at address n -i- 2. 

The data types supported by the R68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown In Figure 3. The numbers indicate the order in which data 
Is accessed from the processor. 

BUS OPERATION 

The following paragraphs explain control signal and bus opera- 
tion during data transfer operations, bus arbitration, bus error 
and halt conditions, and reset operation. 

DATA TRANSFER OPERATIONS. Transfer of data between 
devices involves the following signals: 

• Address Bus A1 through A23 

• Data Bus DO through D1 5 

• Control Signals 



The address and data buses are separate parallel buses which 
transfer data using an asynchronous bus structure. In all cycles, 
the bus master assumes responsibility for deskewing all signals 
it issues at both the start and end of a cycle. In addition, the 
bus master is responsible for deskewing the acknowledge and 
data signals from the slave device. 

The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-modify-write cycle is the 
method used by the R68000 for interlocked multiprocessor 
communications. 

Read Cycle. During a read cycle, the processor receives data 
from memory or a peripheral device. The processor reads bytes 
of data in all cases, and for a word (or double word) operation, 
the processor reads both upper and lower bytes simultaneously 
by asserting both upper and lower data strobes. When the 
instruction specifies byte operation, the processor Mses an 
internal AG bit to determine which byte to read and then issues 
the data strobe required for that byte. When the AO bit equals 
zero, the upper data strobe is issued, and when the AO bit equals 
one, the lower data strobe is issued. The processor correctly 
positions the received data internally. 

A word read cycle flow chart Is given in Figure 4. A byte read 
cycle flow chart is given In Figure 5. Read cycle timing is given 
In Figure 6. Figure 7 details word and byte read cycle operations. 

Write Cycle. During a write cycle, the processor sends bytes 
of data to memory or a peripheral device. If the instruction 
specifies a word operation, the processor writes both bytes. 
When the instructiori specifies a byte operation, the processor 
uses an internal AO bit to determine which byte to write and then 
issues the data strobe required for that byte. When the AO bit 
equals zero, the upper data strobe is issued and when the AO 
bit equals one, the lower data strobe is issued. A word write cycle 
flow chart is given In Figure 8. A byte write cycle flow chart is 
given in Figure 9. Write cycle timing is given in Figure 6. 
Figure 10 details word and byte write cycle operation. 
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BIT DATA 
1 BYTE = 8 BITS 
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INTEGER DATA 
1 BYTE = 8 BITS 
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1 WORD = 16 BITS 



15 


14 


13 


12 


11 


10 


9 


8 7 


6 


5 


4 


3 


2 


1 





MSB 














WORDO 














LSB 


WORD 1 


WORD 2 



15 14 13 12 


11 


10 


1 LONG WORD = 32 BITS 
9 8 7 6 5 


4 


3 


2 


1 





MSB 

LONG WORDO - 








HIGH ORDER 
LOW ORDER 








- — 





LSB 


LONG WORD 1- 


- — 


- — 




- — 


— 


— - 


— 




LONG WORD 2— 



ADDRESSES 
1 ADDRESS = 32 BITS 
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DECIMAL DATA 
2 BINARY CODED DECIMAL DIGITS = 1 BYTE 
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Figure 3. Data Organization In Memory 
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BUS MASTER SLAVE 








ADDRESS DEVICE 

1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FC0-FC2 

3) PLACE ADDRESS ON A1-A23 

4) ASSERT ADDRESS STROBE (AS) 

5) ASSERT UPPER DATA STROBE (UDS) AND 
LOWER DATA STROBE (LDS) 








1 






i 








INPUT DATA 

1) DECODE ADDRESS 

2) PLACE DATA ON D0-D15 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 
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1 _ _ 






ACQUIRE DATA 

1) LATCH DATA 

2) NEGATE UDS AND LDS 

3) NEGATE AS 








1 
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TERMINATE CYCLE 

1) REMOVE DATA FROM D0-D15 

2) NEGATE DTACK 






1 










START NEXT CYCLE 







BUS MASTER SLAVE 






ADDRESS DEVICE 

1) SET R/W TO READ 

2) PLACE FUNCTION CODE ON FC0-FC2 

3) PLACE ADDRESS ON A1-A23 

4) ASSERT ADDRESS STROBE (AS) 

5) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) (BASED ON AO) 








1 






i 






INPUT DATA 

1) DECODE ADDRESS 

2) PLACE DATA ON D0-D7 or D8-D15 (BASED ON 
UDS OR LDS) 

3) ASSERT DATA TRANSFER ACKNOWLEDGE 
(DTACK) 




1 








t 






ACQUIRE DATA 

1) LATCH DATA 

2) NEGATE UDSORlLDS 

3) NEGATE AS 








1 






♦ 






TERMINATE CYCLE 

1) REMOVE DATA FROM D0-D15 OR D8-D15 

2) NEGATE DTACK 




1 








START NEXT CYCLE 





Figure 4. Word Read Cycle Flow Chart 



Figure 5. Byte Read Cycle Flow Chart 



Read-Modify-Write Cycle. The read-modify-write cycle performs 
a read, modifies the data in the arithmetic-logic unit, and writes 
the data back to the same address. In the R68000 this cycle 
is indivisible in that the address strobe is asserted throughout 
the entire cycle. The test and set (TAS) instruction uses this cycle 
to provide meaningful communication between processors in a 
multiple processor environment. TAS is the only instruction that 
uses the read-modify-write cycles. Since the test and set instruc- 
tion only operates on bytes, all read-modify-write cycles are byte 
operations. A read-modify-write cycle flow chart is given in 
Figure 11 and a timing diagram is given in Figure 12. 



BUS ARBITRATION. Bus arbitration is a technique used by 
master-type devices to request, be granted, and knowledge bus 
mastership. In its simplest form, it consists of: 

1 . asserting a bus mastership request, 

2. receiving a grant that the bus Is available at the end of the 
current cycle, and 

3. acknowledging that mastership has been assumed. 



Figure 13 is a flow chart showing the detail involved in a request 
from a single device. Figure 14 is a timing diagram for the same 
operation. This technique allows processing of bus requests dur- 
ing data transfer cycles. 

The timing diagram shows that the bus request Is negated at 
the time that an acknowledge is asserted. This is true for a 
system consisting of the processor and one device capable of 
bus mastership. However, in systems having a number of 
devices capable of bus mastership, the bus request line from 
each device is ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being 
made. The timing diagram shows that the bus grant signals 
negate a few clock cycles after the transition of the acknowledge 
(BGACK) signal. 

However, if the bus requests are still pending, the processor will 
assert another bus grant within a few clock cycles after nega- 
tion. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus master before the current 
bus master has completed its requirements. The following para- 
graphs provide additional information about the three steps in 
the arbitration process. 
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Figure 6. Read and Write Cycle Timing Diagram 
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Figure 7. Word and Byte Read Cycle Timing Diagram 



Requesting the Bus. External devices capable of becoming bus 
masters request the bus by asserting the bus request (BR) signal. 
This ORed signal (although it need not be constructed from open 
collector devices) indicates to the processor that some external 
device requires control of the external bus. The processor, at 
a lower bus priority level than the external device, will relinquish 
the bus after it has completed the last bus cycle It has started. 
If no acknowledge is received before the bus request signal goes 
Inactive, the processor will continue processing when it detects 
that the bus request is inactive. This allows ordinary processing 
to continue if the arbitration circuitry inadvertently responded 
to noise. 



Receiving the Bus Grant. Normally the processor asserts bus 
grant (BG) as soon as possible after internal synchronization. The 
only exception occurs when the processor has made an Inter- 
nal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe 
(AS) signal. In this case, bus grant will not be asserted until one 
clock after address strobe is asserted to indicate to external 
devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The proc- 
essor is not affected by the external method of arbitration as 
long as the protocol is obeyed. 
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ADDRESS DEVICE 

1) PLACE FUNCTION CODE ON FC0-FC2 

2) PLACE ADDRESS ON A1-A23__ 

3) ASSERJ ADDRESS STROBE (AS) 

4) Set R/W TO WRITE 

5) PLACE DATA ON D0-D15 

6) ASSERT UPPER DATA STROBE (UDS) AND 
LOWER DATA STROBE (LDS) 



T 
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INPUT DATA 

1) DECODE ADDRESS 

2) STORE DATA ON D0-D1 5 

3) ASSERT DATA T RANSFE R 
ACKNOWLEDGE (DTACK) 



TERMINATE OUTPUT TRANSFER 

1) NEGATE UpS AND LDS 

2) NEGATE AS 

3) REMOVE DATA FROM D0-D15 

4) SET R/W TO READ 



TERMINATE CYCLE 



1) NEGATE DTACK 



START NEXT CYCLE 





BUS MASTER SLAVE 






ADDRESS DEVICE 

1) PLACE FUNCTION CODE ON FC0-FC2 

2) PLACE ADDRESS ON A1-A23 

3) ASSERT ADDRESS STROBE (AS) 

4) Set R/W TO WRITE 
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Figure 8. Word Write Cycle Flow Chart 



Figure 9. Byte Write Cycle Flow Chart 
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Figure 12. Read-Modify-Write Cycle Timing Diagram 
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Figure 13. Bus Arbitration Cycle Flow Chart 



Acknowledgment of Mastership. Upon receiving a bus grant 
(BG), the requesting de vice wait s until address strobe (AS), data 
t ransfer acknowledge (DTACK), and bus grant ac knowledge 
(BGACK) are negated before Issuing its own BGACK. The nega- 
tion of the address strobe indicates that the previous master has 
completed its cycle, while the negation of bus grant acknowledge 
indicates that the previous master has released the bus, (If 
address strobe Is asserted no device is allowed to "break into" 
a cycle.) The negation of data transfer acknowledge indicates 
the previous slave has terminated its connection to the previous 
master. In some applications data transfer acknowledge may 
not be required. In this case the devices would use the address 
strobe. When bus grant acknowledge Is issued the device Is bus 
master. Only after the bus cycle(s) Is (are) completed should bus 
grant acknowledge be negated to terminate bus mastership. 



The bus request from the granted device should be dropped after 
bus grant acknowledge is asserted. If a bus request is still 
pending, another bus grant will be asserted within a few clocks 
of the negation of bus grant. Refer to Bus Arbitration Control 
section. The processor does not perform any external bus cycles 
before it reasserts bus grant. 



BUS ARBITRATION CONTROL. The bus arbitration control unit 
in the R68000 is implemented with a finite state machine. A state 
diagram of this machine is shown In Figure 15. All asynchronous 
signals to the R68000 are synchronized before being used inter- 
nally. This synchronization is accomplished in a maximum of 
one cycle of the system clock, assuming that the asynchronous 
input setup time (#47) has been met (see Figure 16). The input 
signal is sampled on the falling edge of the clo ck and is valid 
internally after the next falling edge. If BR and BGACK meet 
the asynchronous set-up time tAS I (#47), then tBGKBR (#37A) 
can be ignored. If BR and BGACK are asserted asynchronously 
with respect to the clock, BGACK has to be asserted before BR 
is negated. 

As shown in Figure 15, input signals labeled R and A are inter- 
nally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is labeled 
G and the internal three-state control signal T. If T is true, the 
address, data, and control buses are placed in a high-impedance 
state when AS is negated. All signals are shown in positive logic 
(active high) regardless of their true active voltage level. 



State changes (valid outputs) occur on the next rising clock edge 
after the internal signal is valid. 



A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 17. The bus arbitration 
sequence while the bus is inactive (i.e., executing internal opera- 
tions such as a multiply instruction) is shown in Figure 18. 

If a bus request (BR) is made at a time when the MPU has 
already begun a bus cycle but AS has not been asserted (bus 
stat e SO), BG will not be asserted on the next rising edge. Instead 
BG will be delayed until the second rising edge following its inter- 
nal assertion. This sequence is shown in Figure 19. 



BUS ERROR AND HALT OPERATION. In a bus architecture 
that requires a handshake from an external device, the possibility 
exists that the handshake might not occur. Since different 
systems will require a different maximum response time, a bus 
error input is provided. 

External circuitry must be used to determine the duration 
between address strobe and data transfer acknowledge before 
issuing a bus error signal. When a bus error signal is received, 
the processor has two options: initiate a bus error exception 
sequence or try running the bus cycle again. 
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Bus Error Operation. When BERR is asserted, the current bus 
cycle isjerminated. If BERR is asserted before the falling edge 
of S2, AS will be negated in S7 in either a read or write cycle. 
As long as BERR remains asserted, the data and ad dress buses 
will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 20 is a timing diagram for the exception sequence. The 
sequence is composed of the following elements: 

1 . stacking the program counter and status register, 

2. stacking the error information, 

3. reading the bus error vector table entry, and 

4. executing the bus error handler routine. 



1-15 



R68000 



16-Bit MPU 



BUS THREE STAT 










BUS RELEASED FROM THREE 






L 

S2 ! 


J 1 1 

S3 S4 S5 


-u l_ 

S6 S7 SO S1 


tU'' 






f 

L 

S6 


a 1 A 1 c ANU rnUUcSoUH 
STARTS NEXT BUS CYCLE 
BGACK NEGATED INTERNA 




BG ASScRTcD 

BR VALID INTERNAL— — 


'l 

S4 


S5 


•■n 


1 1 

so S1 


BR SAMPLED 

BR ASSERTED— 

CLK J U L 
_ SO S1 


S2 S3 


BGACK SAMPLED | 
BGACK NEGATED 1 1 

S7 




"V 


/ 










BG 








/ 










BGACK 

A1-A23 y— 

AS — — — — 

UDS 

LDS 


A 
A 




— 


\ / 










MZ 


/ 
J 

y 


D- ^ — 

3 


-<- 

/ 

J 
f 


"V 
"A. 
"A. 




r 


FC0-FC2 X 
R/W 






= 


U 


< 

1 






r 

SSOR 


"A~ 




DTACK \^ 

D0-D15 -^ (] 

PROCESSOR 


)— — ^ — 

, ALTERNATE BUS MASTER , 




"A 
C 

PROCE 












, ,— 'i,-^ ^"i -. ^ 









Figure 17. Bus Arbitration During Processor Bus Cycle 
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The stacking of the program counter and the status register is 
identical to the interrupt sequence. Several additional items are 
stacked when a bus error occurs. These items are used to deter- 
mine the nature of the error and correct it, if possible. The bus 
error vector is vector number two located at address $000008. 
The processor loads the new program counter from this loca- 
tion. A software bus error handler routine is then executed by 
the processor. Refer to EXCEPTION PROCESSING for addi- 
tional Information. 

Re-Running the Bu s Cycle . Wh en, du ring a bus cycle, the 
processor receives a BERR, and HALT is being driven by an 
external device, the processor enters the re-run sequence. 
Figure 21 is a timing diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains "halted" and wil l not run another bus cycle until exter- 
nal logic negates HALT. Then the processor will re-run the 
previous bus cycle using the same address, the same function 
code s, the s ame data (for a write operation), and the same con- 
trols. BERR should be negated at least one clock cycle before 
HALT is negated. 

Note 

The processor will not re-run a read-mod if y-write cycle. 
This restriction is made to guarantee that the entire cycle 
runs correctly and that the write operation of a Test-and- 
Set op erati on is p erformed without ever releasing AS. If 
BERR and HALT are asserted during a read-mod if y-wrlte 
bus cycle, a bus error operation results. 



Halt Operation with No Bus Error. The HALT input signal to 
the R68000 performs a Halt/Run/Single-Step fun ction in a similar 
fashion to the R6500 halt functions. When the HALT signal is 
con stantly active the processor "halts" (does nothing) and when 
the HALT signal is constantly inactive the processor "runs" 
(does something). 



The sin gle-ste p mode, derived from correctly timed transitions 
on the HALT signal input, forces the processor to execute a 
single bus-cycle by entering the "run" mode until the processor 
starts a bus cycle then changing to the "halt" mode. Thus, the 
single-step mode allows the user to proceed through (and 
therefore debug) processor operations one bus cycle at a time. 

Figure 22 details the timing required for correct single-step 
operations. Som e care m ust be exe rcised to avoid harmful inter- 
actions between BERR and HALT when using the single cycle 
mode as a debug ging tool. Th is is also true of interactions 
between the HALT and RESET lines since these can reset the 
machine. 

Wh en the processor completes a bus cycle after recognizing 
that HALT is active, most three-state signals are put in the high- 
impedance state. These include: 

1. address lines, and 

2. data lines. 

This is required for correct performance of the re-run bus cycle 
operation. 

Honoring the halt request has no effect on bus arbitration. Only 
the bus airbitration function removes the control signals from the 
bus. 

Total debugging flexibility is derived from the software debugging 
package, the halt function, and the hardware trace capability. 
These processor capabilities allow the hardware debugger to 
trace single bus cycles or single instructions at a time. 

Double Blis Faults. When a bus error exception occurs, the 
processor will attempt to stack several words containing informa- 
tion about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus 
errors in a row, or a double bus fault. A double bus fault causes 
the processor to halt. Once a bus error exception has occurred, 
any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. 
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Note that a bus cycle which is re-run does not constitute a bus 
error exception, and does not contribute to a double bus fault. 
This means that as long as the external hardware requests It, 
the processor will continue to re-run the same bus cycle. 



The bus error (BERR) pin also has an effect on processor opera- 
tion after the processor receives an external reset input. The 
processor reads the vector table after a reset to determine the 
address to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a halted 
processor. 

RESET OPERATION. The reset signal Is a bidirectional signal 
that allows either the processor or an external signal to reset 
the s ystem. Fig ure 23 is a timing diagram for reset operations. 
Both HALT and RESET must be applied to ensure total reset 
of the processor. 



When the RESET and HALT are driven by an external device 
the entire system, including the processor, is reset. The 
processor responds by reading the reset vector table entry (vec- 
tor number zero, address $000000) and loads it into the super- 
visor stack pointer (SSP). Vector table entry number one at 
address $000004 is read next and loaded into the program 
counter. The processor initializes the status register to an inter- 
rupt level of seven, with no other register being affected. 

Execution of the RESET instruction drives the reset pin low for 
124 clock periods. In this case, the processor is trying to reset 
the rest of the system. The internal state of the processor, includ- 
ing the processor's internal registers and the status register, is 
unaffected by the execution of a RESET instruction. All external 
devices connected to the reset line will be reset at the Comple- 
tion of the RESET instruction. 



Asserting RESET and HALT for 10 clock cycles will cause a 
processor reset, except when Vcc is Initially applied to the 
processor. In this case, an external reset must be applied for 
100 milliseconds. 



THE R ELATIONSHIP OF DTACK, BERR, AND 
HALT 

In order to properly contr ol termination of a bus cycle f or a re-run 
or a bus error condition, DTACK, BERR, and HALT should be 
asserted and negated on the rising edge of R68000 clock. This 
will assure that when two signals are asserted simultaneously, 
the required setup time (#47) for both of them will be met during 
the same bus state. 

This, or some equivalent precaution, should be designed exter- 
nal to the R68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 

The preferred bus cycle terminations may be summarized as 

follows (case numbers refer to Table 4): 

Normal Termination: DTACK occurs first (case 1). 

Halt Te rmin ation: HALT is asserted at same time, or precedes 

DTACK (no BERR) cases 2 and 3. 



Bus Error Termination 

time, 
time 



BERR is asserted in lieu of, at same 



or prec eding DT ACK (case 4); BERR negated at same 
or after DTACK. 



Re-Run Termination: H ALT and BERR asserted i n lieu of, at 
the same time, or before DTACK (c ases 6 a nd 7); HALT must 
be neg ated at least one cy cle after BERR. (Case 5 indicates 
BERR may precede HALT which allows fully asynchronous 
assertion). 

Table 4 details the resulting bus cycle termination under various 
combinations of control signal sequences. The negation of these 
same co ntrol sig nals under several conditions is shown In 
Table 5. (DTACK is assumed to be n egat ed norm ally in all 
cases; for best results, both DTACK and BERR should be 
negated when address strobe is negated). 

Example A: A system uses a watch-dog timer to terminate 
accesse s to unpop ulated address space. The timer asserts 
DTACK and BERR simultaneously after timeout (case 4). 
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Figure 23. Reset Operation Timing Diagram 



Example B: A system u ses erro r detection on RAM contents. 
Design er may (a) delay DTACK until data verified, and return 
BERR and HALT simulta neously to re-run er ror cycle , (case 6), 
or if valid, return D TAGK ( case 1); (b) delay DTACK until data 
verified and return BERR at same time as DTACK if data in 
error (case 4). 



ASYNCHRONOUS VERSUS SYNCHRONOUS 
OPERATION 

Asynchronous Operation 

To achieve clock frequency independence at a system level, the 
R68000 can be used in an asynchronous manner. Th i s entails 
using o nly the bus han dshal<e lines (AS, UDS, LDS, DTACK, 
BERR, HALT, and VPA) to control the data transfer. Using this 
method, AS signals the start of a bus cycle and the data strobes 
are used as a condition for valid data on a write cycle. The slave 
device (memory or peripheral) then responds by placing the 
requested data pn the data bus for a read cycle or latching data 
on a w rite cycl e and asserting the data transfer acknowledge 
signal (DTACK) to terminate the bus cycle. If no slave r eponds 
or the acc ess i s inval id, external control logic asserts the BERR, 
or BERR and HALT, signal to abort or rerun the bus cycle. 



The DTACK signal is allowed to be asserted before the data from 
a slave device is valid on a read cycle. The length of time that 
DTACK may precede data is given as parameter #31 (See 
Figure 45) and it must be met in any asynchronous system to 
insure that valid data is latched into the processor. Notice that 
there is no maximum time spe cified from the assertion of AS 
to the assertion of DTACK. This is because the MP U 
will insert wait cycles of one clock period each until DTACK is 
recognized. 



The BERR signal is allo wed to be asserted after the DTACK 
signal is asserted. BER R must be asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
system to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 

Synchronous Operation 

To allow for those system s which use the system clock as a 
signal to generate DTACK and other asynchronous inputs, the 
asynchronous inputs setup time is gi ven as p arameter #47. If 
this^setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true— if the input 
signal does not meet the set up time it is not guaranteed not to 
be recognized. In addition, if DTACK is recognized on a falling 
edge, valid data will be latched into the processor (on a read 
cycle) on the next falling edge provided that the data meets the 
setup time given as param eter #27 . Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required 
setup time, before the falling edge of S4, no wait states will be 
incurred and the bus cycle will run at its maximum speed of four 
clock periods. 

In ord er to a ssure proper op eration i n a synchronous system 
when BERR is asserted after DTACK, the following conditions 
must be met. Within one clock cycle after DTACK was recog- 
nized, BERR must meet the setup time parameter #27A prior 
to the falling edge of the next clock. The setup time is critical 
to proper operation, and the R68000 may exhibit erratic behavior 
if it is violated. 

Note 



During an active bus cycle, VPA and BERR are s ampled 
on every falling edge of the clock starting with SO. DTACK 
is sampled on every falling edge of the clock starting with 
S4 and data is latched on the falling edge of S6 during 
a read . The b us cycle will then be terminated i n S7 exc ept 
when BERR is asserted in the absence of DTACK, in 
which case it will terminate one clock cycle later in S9. 
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Table 4. DTACK, BERR, HALT Assertion Results 



Case 
No. 


Control 
Signal 


Asserted on Rising 
Edge of State 


Result 


N 


N + 2 


1 




A 

NA 

NA 


S 
X 
X 


Normal cycle terminate and continue. 


DTACK 

BERR 

HALT 


2 




A 

NA 

A 


s 

X 
8 


Normal cycle terminate and halt. Continue when HALT removed. 


DTACK 

BERR 

HALT 


3 




NA 
NA 
A 


A 

NA 

8 


Normal cycle terminate and halt. Continue when HALT removed. 


DTACK 

BERR 

HALT 


4 




X 

A 
NA 


X 

S 
NA 


Terminate and take bus error trap. 


DTACK 

BERR 

HALT 


5 




NA 

A 

NA 


X 
8 
A 


Terminate and re-run. 


DTACK 

BERR 

HALT 


6 




X 

A 
A 


X 

8 
8 


Terminate and re-run when HALT removed. 


DTACK 

BERR 

HALT 


7 




NA 
NA 
A 


X 
A 
S 


Terminate and re-run when HALT removed. 


DTACK 

BERR 

HALT 


Legend: 
N — the number of the current even bus state (e.g., 84, S6, etc.) 
A — signal is asserted in this bus state 
NA — signal is not asserted in this state 
X — don't care 
S — signal was asserted in previous state and remains asserted in this state 



Table 5. BERR AND HALT Negation Results 



Conditions of 

Termination in 

Table 4-4 


Control 
Signal 


Negated on Rising 
Edge of State 


Results — Next Cycle 


N N + 2 


Bus Error 




• or • 

• or • 


Takes bus error trap. 


BERR 
HALT 


Re-run 




• or • 

• 


Illegal sequence; usually traps to vector number 0. 


BERR 
HALT 


Re-run 




• 

• 


Re-runs the bus cycle. 


BERR 
HALT 


Normal 




• 

• or • 


May lengthen next cycle. 


BERR 
HALT 


Normal 




• 
• or none 


If next cycle is started it will be terminated as a bus error. 


BERR 
HALT 


• = Signal is negated in this bus state. 
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PROCESSING STATES 

The following paragraphs describe the actions of the R68000 
which are outside the normal processing associated with the 
execution of instructions. The functions of the bits in the super- 
visor portion of the status register are covered: the super- 
visor/user bit, the trace enable bit, and the processor interrupt 
priority mask. The sequence of memory references and actions 
taken by the processor on exception conditions are detailed. 

The R68000 is always in one of three processing states: nor- 
mal, exception, or halted. The normal processing state 
associated with instruction execution; the memory references 
are to fetch instructions and operands, and to store results. A 
special case of the normal state Is the stopped state which the 
processor enters when a STOP instruction is executed. In this 
state, no further references are made. 

The exception processing state is associated with interrupts, trap 
instructions, tracing and other exceptional conditions. The 
exception may be internally generated by an instruction or by 
an unusual condition arising during the execution of an instruc- 
tion. Externally, exception processing can be forced by an inter- 
rupt, by a bus error, or by a reset. Exception processing is 
designed to provide an efficient context switch so that the 
processor may handle unusual conditions. 

The halted processing state is an indication of a catastrophic 
hardware failure. For example, if during the exception processing 
of a bus error another bus error occurs, the processor assumes 
that the system is unusable and halts. Only an external reset 
can restart a halted processor. Note that a processor In the 
stopped state is not in the halted state, nor vice versa. 

PRIVILEGE STATES 

The processor operates in one of two states of privilege: the 
"user" state or the "supervisor" state. The privilege state deter- 
mines legal operations. It Is used to choose between the super- 
visor stack pointer and the user stack pointer in instruction 
references, and by the external memory management device 
to control and translate accesses. 

The privilege state is a mechanism for providing security in a 
computer system by allowing most programs to execute in user 
state. In this state, the accesses are controlled, and the effects 
on other parts of the system are limited. Programs should access 
only their own code and data areas, and Ought to be restricted 
from accessing information. 

The operating system which executes in the supervisor state, 
has access to all resources and performs the overhead tasks 
for the user state programs. 

SUPERVISOR STATE. The supervisor state is the higher state 
of privilege. For instruction execution, the supervisor state is 
determined by asserting (high) the S-bit of the status register. 
All instructions can be executed in the supervisor state. The bus 
cycles generated by instructions executed in the supervisor state 
are classified as supervisor references. While the processor is 
in the supervisor privilege state, those instructions which use 
either the system stack pointer implicitly or address register 
seven explicitly access the supervisor stack pointer. 



All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor 
references. All stacking operations during exception processing 
use the supervisor stack pointer. 

USER STATE. The user state is the lower state of privilege. For 
instruction execution, the user state is determined by negating 
(low) the S-bit of the status register. 

Most instructions execute the same in user state as in the super- 
visor state. However, some instructions which have important 
system effects are made privileged. User programs are not per- 
mitted to execute the STOP instruction, or the RESET instruc- 
tion. To ensure that a user program cannot enter the supervisor 
state except in a controlled manner, the instructions which 
modify the whole state register are priviled. To aid in debugging 
programs which are to be used as operating systems, the move 
to user stack pointer (MOVE to USP) and move from user stack 
pointer (MOVE from USP) instructions are also privileged. 

The bus cycles generated by an instruction executed in user 
state are classified as user state references. This allows an exter- 
nal memory management device to translate the address and 
to control access to protected portions of the address space. 
While the processor is in user privilege state, those.instructions 
which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 

PRIVILEGE STATE CHANGES. Once the processor is in the 
user state and executing instructions, only exception processing 
can change the privilege state. During exception processing, 
the current setting of the S-bit of the status register is saved and 
the S-bit Is asserted, putting the processing in the supervisor 
state. Therefore, when instruction execution resumes to process 
the exception, the processor is in the supervisor privilege state. 

REFERENCE CLASSIFICATION. When the processor makes 
a reference, it classifies the kind of reference being made by 
using the encoding on the three function code output lines. This 
allows external translation of addresses, control of access, and 
differentiation of special processor states, such as interrupt 
acknowledge. Table 6 lists the classification of references. 

Table 6. Reference Classification 



Function Code Output 


Reference Class 


FC2 


FC1 


FCO 











(Unassigned) 


G 





1 


User Data 





1 





User Program 





1 


1 


(Unassigned) 


1 








(Unassigned) 


1 





1 


Supervisor Data 


1 


1 





Supervisor Program 


1 


1 


1 


Interrupt Acknowledge 



1-22 



R68000 



16-Bit MPU 



WORDO 
WORD 1 




A0 = 0, A1=0 
A0 = 0, A1=1 


NEW PROGRAM COUNTER (HIGH) 


NEW PROGRAM COUNTER (LOW) 








Figure 24. Exception Vector Format 












D15 D8 D7 


DO 






IGNORED 


v7 


v6 


v5 


v4 


v3 


v2 


Vl 


vO 






WHERE: 
v7 IS THE MSB OF THE VECTOR NUMBER 
vO IS THE LSB OF THE VECTOR NUMBER 







Figure 25. Peripheral Vector Number Format 





A23 




A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 






ALL ZEROES 


v7 


v6 


v5 


v4 


v3 


v2 


v1 


vO 





















Figure 26. Address Translated From 8-Bit Vector Number 



EXCEPTION PROCESSING 



Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a temporary 
copy of the status register is made, and the status register is 
set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the cur- 
rent processor contents. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 

EXCEPTION VECTORS. Exception vectors are memory loca- 
tions from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two 
words in length (Figure 24), except for the reset vector, which 
is four words. All exception vectors lie in the supervisor data 
space, except for the reset vector which is in the supervisor pro- 
gram space. A vector number is an eight-bit number which, when 
multipled by four, gives the address of an exception vector. Vec- 
tor numbers are generated internally or externally, depending 
on the cause of the exception. In the case of interrupts, during 
the interrupt acknowledge bus cycle, a peripheral provides an 
8-bit vector number (Figure 25) to the processor on data bus lines 
DO through D7. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 26. The memory layout 
for exception vectors is given in Table 7. 

As shown in Table 7, tlie memory layout is 512 words long 
(1024 bytes). It starts at address and proceeds through 



address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 255, 
there are 192 reserved for user Interrupt vectors. However, there 
is no protection on the first 64 entries, so user interrupt vectors 
may overlap at the discretion of the systems designer. 



KINDS OF EXCEPTIONS. Exceptions can be generated either 
internally or externally. Ext ernally generated exceptio ns include 
interrupts (IRQ), bus error (BERR), and reset (RESET) requests. 
Interrupts a re requ ests from pe ripheral devices for processor 
action while BERR and RESET inputs are used for access con- 
trol and processor restart. Internally generated exceptions come 
from instructions, from address errors, or from tracing. The trap 
(TRAP), trap on overflow (TRAPV), check register against bounds 
(CHK) and divide (DIV) Instructions can all generate exceptions 
as part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, inter- 
nally generated interrupt after each instruction execution. 



EXCEPTION PROCESSING SEQUENCE. Exception processing 
occurs in four identifiable steps. In the first step, an internal copy 
is made of the status register. After the copy is made, the S-bit 
is asserted, putting the processor Into the supervisor privilege 
state. Also, the T-bit is negated which will allow the exception 
handler to execute unhindered by tracing. For the reset and inter- 
rupt exceptions, the interrupt priority mask is also updated. 
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Table 7. Exception Vector Assignment 


Vector 
Number(s) 


Address 


Assignment 


Dec 


Hex 


Space 








000 


SP 


Reset: Initial SSP 


_ 


4 


004 


SP 


Reset: Initial PC 


2 


8 


008 


SD 


Bus Error 


3 


12 


OOC 


SD 


Address Error 


4 


16 


010 


SD 


Illegal instruction 


5 


20 


014 


SD 


Zero Divide 


6 


24 


018 


SD 


CHK Instruction 


7 


28 


01C 


SD 


TRAPV Instruction 


8 


32 


020 


SD 


Privilege Violation 


9 


36 


024 


SD 


Trace 


10 


40 


028 


SD 


Line 1010 Emulator 


11 


44 


02C 


SD 


Line 1111 Emulator 


12* 


48 


030 


SD 


(Unassigned, reserved) 


13* 


52 


034 


SD 


(Unassigned, reserved) 


14* 


56 


038 


SD 


(Unassigned, reserved) 


15 


60 


03C 


SD 


Uninitialized Interrupt Vector 


16-23* 


64 


04C 


SD 


(Unassigned, reserved) 


95 


05F 




— 


24 


96 


060 


SD 


Spurious Interrupt 


25 


100 


064 


SD 


Level 1 Interrupt Autovector 


26 


104 


068 


SD 


Level 2 Interrupt Autovector 


27 


108 


06C 


SD 


Level 3 Interrupt Autovector 


28 


112 


070 


SD 


Level 4 Interrupt Autovector 


29 


116 


074 


SD 


Level 5 Interrupt Autovector 


30 


120 


078 


SD 


Level 6 Interrupt Autovector 


31 


124 


07C 


SD 


Level 7 Interrupt Autovector 


32-47 


128 


080 


SD 


TRAP Instruction Vectors 




191 


OBF 




— 


48-63* 


192 


OCO 


SD 


(Unassigned, reserved) 




255 


OFF 




— 


64-255 


256 


100 


SD 


User Interrupt Vectors 




1023 


3FF 




- 


•Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements. No user peripheral devices should be assigned 
these numbers. 
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SSP-^ 


STATUS REGISTER 


HIGHER 
ADDRESSES 


HIGH 

-PROGRAM COUNTER - 

LOW 









Table 8. Exception Grouping and Priority 



Figure 27. Exception Stacl( Order (Groups 1 and 2) 

In the second step, the vector number of the exception is deter- 
mined. For interrupts, the vector number is obtained by a 
processor fetch, classified as an interrupt acknowledge. For all 
other exceptions, internal logic provides the vector number. This 
vector number is then used to generate the address of the excep- 
tion vector. 

The third step is to save the current processor status except for 
the reset exception. The current program counter value and the 
saved copy of the status register are stacked using the super- 
visor stack pointer as shown in Figure 27. The program counter 
value stacked usually points to the next unexecuted instruction; 
however, for bus error and address error, the value stacked for 
the program counter is unpredictable, and may be incremented 
from the address of the instruction which caused the error. Addi- 
tional information defining the current context is stacked for the 
bus error and address error exceptions. 

The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The 
processor then resumes instruction execution. The instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 

1WIULTIPLE EXCEPTIONS. These paragraphs describe the proc- 
essing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their 
occurrence and priority. The Group exceptions are reset, bus 
error, and address error. These exceptions cause the instruc- 
tion currently being executed to be aborted, and the exception 
processing to commence within two clock cycles. The Group 1 
exceptions are trace and interrupt, as well as the privilege viola- 
tions and illegal instructions. These exceptions allow the cur- 
rent instruction to execute to completion, but preempt the execu- 
tion of the next instruction by forcing exception processing to 
occur (privilege violations and illegal instructions are detected 
when they are\he next instruction to be executed). The Group 2 
exceptions occur as part of the normal processing of instruc- 
tions. The TRAP, TRAPV, CHK, and zero divide exceptions are 
in this group. For these exceptions, the normal execution of an 
instruction may lead to exception processing. 

Group exceptions have highest priority, while Group 2 excep- 
tions have lowest priority. Within Group 0, reset has highest 
priority, followed by address error and then bus error. Within 
Group 1 , trace has priority over external interrupts, which in turn 
takes priority over illegal instruction and privilege violation. Since 
only one instruction can be executed at a time, there is no priority 
relation within Group 2. 



Group 


Exception 


Processing 





Reset 

Address Error 
Bus Error 


Exception processing begins 
within two clock cycles. 


1 


Trace 
Interrupt 

Illegal Instruction 
Privilege Violation 


Exception processing begins 
before the next instruction. 


2 


TRAP, TRAPV, CHK, 
Zero Divide 


Exception processing is started 
by normal instruction execution 




The priority relation between two exceptions determines which 
is taken first if the conditions for both arise simultaneously. 
Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction proc- 
essing is aborted. In another example, if an interrupt request 
occurs during the execution of an instruction while the T-bit is 
asserted, the trace exception has priority, and is processed first. 
Before instruction processing resumes, however, the interrupt 
exception is also processed, and instruction processing com- 
mences finally in the interrupt handler routine. Table 8 gives a 
summary of exception grouping and priority. 



EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception has 
a unique processing sequence. The following paragraphs detail 
the sources of exceptions, how each arises, and how each is 
processed. 

RESET. The reset input provides the highest exception level. 
The processing of the reset signal is designed for system initia- 
tion, and recovery from catastrophic failure. Any processing in 
progress at the time of the reset is aborted and cannot be 
recovered. The processor is forced into the supervisor state and 
the trace state is forced off. The processor interrupt priority mask 
is set at level seven. The vector number is internally generated 
to reference the reset exception vector at location in the super- 
visor program space. Because no assumptions can be made 
about the validity of register contents, in particular the super- 
visor stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the reset 
exception vector is fetched as the initial program counter. Finally, 
instruction execution is started at the address in the program 
counter. The powerup/restart code should be pointed to by the 
initial program counter. 

The RESET instruction does not cause loading of the reset vec- 
tor, but does assert the reset line to reset external devices. This 
allows the software to reset the system to a known state and 
then continue processing with the next instruction. 
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INTERRUPTS. Seven levels of interrupt priorities are provided. 
Devices may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to interrupt 
the processor. Interrupt priority levels are numbered from one 
to seven, level seven being the highest priority. The status 
register contains a three-bit mask which indicates the current 
processor priority. Interrupts are inhibited for all priority levels 
less than or equal to the current processor priority. 

An interrupt request is made to the processor by encoding the 
interrupt request level on the interrupt request lines; a zero indi- 
cates no interrupt request. Interrupt requests arriving at the 
processor do not face immediate exception processing, but are 
made pending. Pending interrupts are detected between instruc- 
tion executions. If the priority of the pending interrupt is lower 
than or equal to the current processor priority, execution con- 
tinues with the next instruction and the interrupt exception 
processing is postponed. (The recognition of level seven is 
slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the current 
processor priority, the exception processing sequence is started. 
First a copy of the status register is saved, and the privilege state 
is set to supervisor, then tracing is suppressed, and the 
processor priority level is set to the level of the interrupt being 
acknowledged. The processor fetches the vector number from 
the interrupting device, classifying the reference as an interrupt 
acknowledge and displaying the level number of the interrupt 
being acknowledged on the address bus. If external logic 
requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then pro- 
ceeds with the usual exception processing, saving the program 
counter and status register on the supervisor stack. The saved 
value of the program counter Is the address of the instruction 
which would have been executed had the interrupt not been 
present. The content of the interrupt vector whose vector number 
was previously obtained is fetched and loaded into the program 
counter, and normal instruction execution commences in the 
interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 28, a timing diagram 
is given in Figure 29, and the interrupt exception timing 
sequence lis shovyn in Figure 30- 

Priority level seven is a special case. Level seven interrupts can- 
not be inhibited by the interrupt priority mask, thus providing 
a "non-maskable interrupt" capability. An interrupt is generated 
each time the interrupt request level changes from some lower 
level to level seven. Note that a level seven interrupt may still 
be caused by the level comparison if the request level is a seven 
and the processor priority is set to a lower level by an instruction. 



UNINITIALIZED INTERRUPT. An interrupting device asserts 
VPA or provides an interrupt vector during an interrupt 
acknowledge cycle to the R68000. If the vector register has not 
been initialized, the responding R68000 Family peripheral will 
provide vector 15, the uninitialized interrupt vector. This provides 
a uniform way to recover from a programming error. 



PROCESSOR INTERRUPTING DEVICE 



REQUEST INTERRUPT 



GRANT INTERRUPT 

1) COMPARE INTERRUPT LEVEL IN STATUS 
REGISTER AND WAIT FOR CURRENT 
INSTRUCTION TO COMPLETE 

2) PLACE INTERRUPT LEVEL ON A1, A2, A3 

3) SET FUNCTION CODE TO INTERRUPT 
ACKNOWLEDGE 

4) ASSERT ADDRESS STROBE (AS) 

5) ASSERT DATA STROBES (LDS AND UDS*) 



T 



PROVIDE VECTOR NUMBER 

1) PLACE VECTOR NUMBER OF D0-D7 

2) ASSERT DATA T RANSFE R 
ACKNOWLEDGE (DTACK) 



J 



ACQUIRE VECTOR NUMBER 

1) LATCH VECTOR NUMBER 

2) NEGATE LDS AND UDS 

3) NEGATE AS 



RELEASE 



1) NEGATE DTACK 



J" 



START INTERRUPT PROCESSING 

* ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH 
DATA STROBES ARE ASSERTED DUE TO THE 
MICROCODE USED FOR EXCEPTION PROCESSING. THE 
PROCESSOR DOES NOT RECOGNIZE ANYTHING ON 
DATA LINES D8 THROUGH D15 AT THE TIME. 



Figure 28. Interrupt Acknowledge Sequence Flow Chart 



SPURIOUS INTERRUPT. If during th e interru pt acknowledge 
cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. 
The processor separates the processing of this error from bus 
error by fetching the spurious interrupt vector instead of the bus 
error vector. The processor then proceeds with the usual excep- 
tion processing. 

INSTRUCTION TRAPS. Traps are exceptions caused by instruc- 
tions. They arise either from processor recognition of abnormal 
conditions during instruction execution, or from use of instruc- 
tions whose normal behavior is trapping. 
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FC0-FC2 "^ 
IPL0-IPL2 



LAST BUS CYCLE 
OF INSTRUCTION 
(READ OR -P* 
WRITE) 



, OF I 



STACK 
PCL 



lACK CYCLE , 

^(VECTOR NUMBER ACQUISITION)-**!^ 



STACK AND 
VECTOR FETCH 



H 



(SSP) 

'ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 
FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH D15 
AT THIS TIME. 



Figure 29. Interrupt Acknowledge Sequence Timing Diagram 





























LAST BUS CYCLE 
OF INSTRUCTION 
(DURING WHICH 
INTERRUPT WAS 
RECOGNIZED) 




STACK 

PCL 

(AT SSP-2) 




lACK 

CYCLE 

(VECTOR NUMBER 

ACQUISITION) 




STACK 

STATUS 

(AT SSP-6) 




STACK 

PCH 

(AT SSP-4) 


























































READ 
VECTOR 

HIGH 
(A16-A23) 




READ 
VECTOR 

LOW 
(A0-A15) 




FETCH FIRST 

WORD OF 

INSTRUCTION 

OF INTERRUPT 

ROUTINE 


NOTE: 

SSP REFERS TO THE 
VALUE OR THE SUPER- 
VISOR STACK POINTER 
BEFORE THE INTERRUPT 




























OCCURS 







Figure 30. Interrupt Exception Timing Sequence 
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Some instructions are used specifically to generate traps. The 
TRAP instruction always forces an exception, and is useful for 
implementing system calls for user programs. The TRAPV and 
CHK instructions force an exception if the user program detects 
a runtime error, which may be an arithmetic overflow or a 
subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) instruc- 
tions will force an exception if a division operation is attempted 
with a divisor of zero. 

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS, illegal 
instruction refers to any of the word bit patterns which are not 
the bit pattern of the first word of a legal instruction. During 
instruction execution, if such an instruction is fetched, an illegal 
instruction exception occurs. Rockwell reserves the right to 
define instructions whose opcodes may be any of the illegal 
instructions. Three bit patterns will always force an illegal instruc- 
tion trap on all R68000 Family compatible microprocessors. They 
are: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA 
and $4AFB, are reserved for Rockwell system products. The third 
pattern, $4AFC, is reserved for customer use. 

Word patterns with bits 15 through 12 equaling 1010 or 1111 
are distinguished as unimplemented instructions and separate 
exception vectors are given to these patterns to permit efficient 
emulation. This facility allows the operating system to detect pro- 
gram errors, or to emulate unimplemented instructions in 
software. 

PRIVILEGE VIOLATIONS. In order to provide system security, 
various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause 
an exception. The privileged instructions are: 

STOP AND Immediate to SR 

RESET EOR Immediate to SR 

RTE OR Immediate to SR 

IVIOVE USP MOVE to SR 

TRACING. To aid in program development, the R68000 includes 
a facility to allow instruction by instruction tracing. In the trace 
state, after each instruction is executed an exeception is forced, 
allowing a debugging program to monitor the execution of the 
program under test. 

The trace facility uses the T-bit in the supervisor portion of the 
status register. If the T-bit is negated (off), tracing is disabled, 
and instruction execution proceeds from instruction to instruc- 
tion as normal. If the T-bit is asserted (on) at the beginning of 
the execution of an instruction, a trace exception will be 
generated after the execution of that instruction is completed. 
If the instruction is not executed, either because an interrupt 
is taken, or the instruction is illegal or privileged, the trace excep- 
tion does not occur. The trace exception also does not occur 
if the instruction is aborted by a reset, bus error, or address error 
exception. If the instruction is indeed executed and an interrupt 



is pending on completion, the trace exception is processed 
before the interrupt exception. If, during the execution of the 
instruction, an exception is forced by that instruction, the forced 
exception is processed before the trace exception. 

As an extreme illustration of the above rules, consider the arrival 
of an interrupt during the execution of a TRAP instruction while 
tracing is enabled. First the trap exception is processed, then 
the trace exception, and finally the interrupt exception. Instruc- 
tion execution resumes in the interrupt handler routine. 

BUS ERROR. Bus error exceptions occur when the external logic 
requests that a bus error be processed by an exception. The 
current bus cycle which the processor is making is then aborted. 
Whether the processor was doing instruction or exception 
processing, that processing is terminated, and the processor 
immediately begins exception processing. 

Exception processing for bus error follows the usual sequence 
of steps. The status register is copied, the supervisor state is 
entered, and the trace state is turned off. The vector number 
is generated to refer to the bus error vector. Since the processor 
was not between instructions when the bus error exception 
request was made, the context of the processor is more detailed. 
To save more of this context, additional information is saved on 
the supervisor stack. The program counter and the copy of the 
status register are of course saved. The value saved for the pro- 
gram counter is advanced by some amount, two to ten bytes 
beyond the address of the first word of the instruction which 
made the reference causing the bus error. If the bus error 
occurred during the fetch of the next instruction, the saved pro- 
gram counter has a value in the vicinity of the current instruc- 
tion, even if the current instruction is a branch, a jump, or a return 
instruction. Besides the usual information, the processor saves 
its internal copy of the first word of the instruction being 
processed, and the address which was being accessed by the 
aborted bus cycle. Specific information about the access is also 
saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification 
displayed on the function code outputs when the bus error 
occurred. The processor is processing an instruction if in the 
normal state or processing a Group 2 exception; the processor 
is not processing an instruction when processing a Group or 
a Group 1 exception. Figure 31 illustates how the information 
is organized on the supervisor stack. Although this information 
is not sufficient to effect full recovery from the bus error, it does 
allow software diagnosis. Finally, the processor commences 
instruction processing at the address contained in the vector. 
It is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 

If a bus error occurs during the exception processing for a bus 
error, address error, or reset, the processor is halted, and all 
processing ceases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself fr om the 
system rather than destroy all memory contents. Only the RESET 
pin can restart a halted processor. 
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Figure 31 . Supervisor Stacic Order (Group 0) 
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Figure 32. Address Error Timing 



ADDRESS ERROR. Adcjress error exceptions occur when the 
processor attempts to access a word or a long word operand 
or an instruction at an odd address. The effect is much like an 
internalty generated bus error, so that the bus cycle is aborted, 
and the processor ceases whatever processing it is currently 
doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for 
bus error including the information that is stacked, except that 
the vector number refers to the address error vector instead. 
Likewise, if an address error occurs during the exception 
processing for a bus error, addres§ error, or reset, the processor 
is halted. As shown in Figure 32, an address error will execute 
a short bus cycle followed by an exception processing. 
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INTERFACE WITH R6500 PERIPHERALS 

Rockwell's line of R6500 peripherals are directly compatible with 
the R68000. Some of these devices that are particularly useful 
are: 

R6520 Peripheral Interface Adapter (PIA) 

R6522 Versatile Interface Adapter (VIA) 

R6545 CRT Controller (CRTC) 

R6551 Asynchronous Communication Interface Adapter 
(ACIA) 

To interface the synchronous R6500 peripherals with the asyn- 
chronous R68000, the processor modifies its bus Cycle to meet 
the R6500 cycle requirements whenever an R6500 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 33 is a flow chart of the interface 
operation between the processor and R6500 devices. 6800 
peripherals are also compatible with the R68000 processor. 

DATA TRANSFER OPERATION 

Three signals on the processor provide the R6500 interface. 
They are: enable (E ), val id memory address (VMA), and valid 
Peripheral address (VPA). Enable corresponds to the E or 02 
signal in existing R6500 systems. The bus frequency is one tenth 
of the incoming R68000 cloci< frequency. The timing of E allows 
1 MHz peripherals to be used with an 8 MHz R68000. Enable 
has a 60/40 duty cycle; that is, it is low for six input clocl<s and 
high for four input cloc ks. This duty cycle allows the processor 
to do successive VPA accesses on successive E pulses. 

Figures 34 and 35 give a general R6500 to R68000 interface 
timing, while Figures 36 and 37 detail the specific timing 
parameters involved in the interface. At state zero (SO) in the 
cycle, the address bus is in the high-impedance state. A func- 
tion code is asserted on the function code output lines. One- 
half clock later, in state 1, the address bus is released from the 
high-impedance state. 



chip select equation of the peripheral. This ensures that the 
R6500 peripherals are selected and deselected at the correct 
time. The peripheral now runs its cycle during the high portion 
of the E signal. Figures 34 and 35 depict the best and worst case 
R650 cycl e timing. This cycle length is dependent strictly upon 
when VPA is asserted in relationship the E clock. 

If we assume that external circuitry a sserts VPA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the failing edge of S4. In this case, no 
"ext ra" wait cycles will be inserted prior to the recognition of 
VPA assertion and only the wait cycles inserted to synchronize 
with the E clock will determine the totar length of the cycle. In 
any case, the synchronization delay will be some Integral number 
of clock cycles within the following two extremes: 

1. Best Case— VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three clock 
cycles after E falls). 

2. Worst Case— VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises (or four clock 
cycles after E falls). 

Near the end of a read cycle, the processor latches the 
peripheral's data in state 6. For ail cycles, the processor negates 
the address and data strobes one half clock cycle later in state 7, 
and the Enable signal goes low at this time. Another half clock 
later, the address bus is put in the high-impedance state. Upon 
write cycle completion, the data bus is put in the high-impedance 
state and the read/ write signal is switched high. The peripheral 
logic must remove VPA within one clock after address strobe 
is negated. 



DTACK should not be asserted while VPA is asserted. Note 
that the R68000 VMA is active low. This allows the processor 
to put its buses in the high-impedance state on DMA requests 
without inadvertently selecting peripherals. 



During state 2, the address strobe (AS) is asserted to Indicate 
that there Is a valid address on the address bus. If the bus cycle 
is a read cycle, the upper and/or lower data strobes are also 
asserted in state 2. If the bus cycle is a write cycle, the read/write 
(R/W) signal is switched to a low (write) during state 2. One-half 
clock later, in state 3, the write data is placed on the data bus, 
and in state 4 the data strobes are issued to indicate valid data 
on the data bus. The proce ssor n ow Inserts wait states until it 
recognizes the assertion of VPA. 



INTERRUPT OPERATION 

During an interrupt a cknow ledge cycle while the processor is 
fetching the vector, if VPA is asserted, the R68000 will assert 
VMA and complete a normal R6500 read cycle as shown in 
Figure 38. The processor will then use an internally generated 
vector, called an autovector, that is a function of the interrupt 
being served. The seven autovectors are vector numbers 25 
through 31 (decimal). 



The VPA input signals the processor that the address on the 
bus is the address of an R6500 device (or an area reserved for 
R6500 devices) and that the bus should conform to the 02 
transfer c hara cteristics of the R6500 bus. Valid peripheral 
address (VPA) is derived by decoding the address bus, 
conditioned by address strobe (AS). Chip select for the R6500 
peripherals should be derived by decoding the address bus con- 
ditioned by VMA. 

After the recognition of VPA, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 



Autovectors operate in the same fashion (but are not restricted 
to) the R6500 interrupt sequence. The basic difference is that 
there are six normal interrupt vectors and one NMI type vector. 
As with both the R6500 and the R68000's normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 

Since VMA is asserted during autovectoring, the R6500 
peripheral address decoding should prevent unintended 
accesses. 
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Figure 34. R68000 to R6500 Peripheral Timing— Best Case 
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Figure 35. R68000 to R6500 Peripheral Timing— Worst Case 
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NOTES: 

THIS FIGURE REPRESENTS THE BEST CASE R6500 TIMING WHERE VPA FALLS BEFORE THE THIRD SYSTEM CLOCK CYCLE 
AFTER THE FALLING EDGE OF E. 

THIS TIMING DIAGRAM IS INCLUDED FOR THOSE WHO WISH TO DESIGN THEIR OWN CIRCUIT TO GENERATE VMA It SHOWS 
THE BEST CASE POSSIBLY ATTAINABLE. 



Figure 36. R6500 Timing— Best Case 
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Figure 33. R6500 interfacing Flow Chiart 



DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 
Bits 

BCD Digits (4-bits) 
Bytes (8-bits) 
Word (16-bits) 
Long Words (32-bits) 

In addition, operations on otiier data types such as memory 
addresses, status word data, etc., are provided for in the instruc- 
tion set. 

The 14 addressing modes, shown in Table 9, include six basic 
types: 

Register Direct Program Counter Relative 

Register Indirect Implied 

Absolute Immediate 



Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 



Table 9. Addressing Modes 




Mode 


Generation 


Register Direct Addressing 






Data Register Direct 


EA 


= Dn 


Address Register Direct 


EA 


= An 


Absolute Data Addressing 






Absolute Sliort 


EA 


= (Next Word) 


Absolute Long 


EA 


= (Next Two Words) 


Program Counter Relative 






Addressing 






Relative with Offset 


EA 


= (PC) + di6 


Relative with Index and Offset 


EA 


= (PC) + (Xn) + da 


Register Indirect Addressing 






Register Indirect 


EA 


= (An) 


Postincrement Register 1 ndirect 


EA 


= (An), An^ An + N 


Predecrement Register Indirect 


An- 


*- An - N, EA = (An) 


Register Indirect with Offset 


EA 


= (An) + die 


Indexed Register Indirect with Offset 


EA 


= (An) + (Xn> + de 


Immediate Data Addressing 






Immediate 


DATA = Next Word(s) 


Quick Immediate 


Inherent Data 


implied Addressing 






Implied Register 


EA 


= SR, USP, SP, PC 


NOTES: 






EA = Effective Address 


N = 


1 for Byte, 2 for 


An ;= Address Register 




Words and 4 for 


Dn = Data Register 




Long Word. If An 


Xn = Address or Data Register 




is the stack pointer 


used as Index Register 




and the operand 


SR = Status Register 




size is byte, N = 2 


PG = Program Counter 




to keep the stack 


( ) = Contents of 




pointer on a word 


ds = Eight-bit Offset 




boundry. 


(displacement) 


-^ = 


Replaces 


die = Sixteen-bit Offset 






(displacement) 







INSTRUCTION SET OVERVIEW 

The R68000 instruction set is shown in Table 10. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 11. Special emphasis has been given to the 
instruction set's support of structured high-level languages to 
facilitate ease of pFogramming. Each instruction, with few excep- 
tions, operates On bytes, words, and long words and most 
instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing mpdes, over 1000 
useful ihstructions are provided. These instructions include 
signed and unsigned multiply and divide, "quick" arithmetic 
operations. BCD arithmetic and expanded operations (through 
traps). 
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NOTE: THIS TIMING DIAGRAM IS INCLUDED FOB THOSE WHO WISH TO DESIGN THEIR OWN CIRCUIT TO GENERATE VMA. 
IT SHOWS THE WORST CASE POSSIBLY ATTAINABLE. 



Figure 37. RC68000 to R6500 Peripheral Timing Diagram — Worst Case 
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Table 10. Instruction Set Summary 



Mnemonic 


Description 


Mnemonic 


Description 


Mnemonic 


Description 


ADBC 

ADD 

AND 

ASL 

ASR 


Add Decimal with Extend 
Add 

Logical And 
Arithmetic Shift Left 
Arithmetic Shift Right 


EOR 
EXG 
EXT 


Exclusive Or 
Exchange Registers 
Sign Extend 


PEA 


Push Effective Address 


RESET 

ROL 

ROR 

ROXL 

ROXR 

RTE 

RTR 

RTS 


Reset External Devices 
Rotate Left without Extend 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception 
Return and Restore 
Return from Subroutine 


JMP 
JSR 


Jump 

Jump to Subroutine 


Bcc 

BCHG 

BCLR 

BRA 

BSET 

BSR 

BTST" 


Branch Conditionally 
Bit Test and Change 
Bit Test and Clear 
Branch Always 
Bit Test and Set 
Branch to Subroutine 
Bit Test 


LEA 
LINK 
LSL 
LSR 


Load Effective Address 
Link Stack 
Logical Shift Left 
Logical Shift Right 


SBCD 

Sec 
STOP 
SUB 
SWAP 


Subtract Decimal with Extend 

Set Conditional 

Stop 

Subtract 

Swap Data Register Halves 


MOVE 
MULS 
MULU 


Move 

Signed Multiply 

Unsigned Multiply 


CHK 

CLR 
CMP 


Check Register Against 

Bounds 
Clear Operand 
Compare 


NBCD 
NEG 
NOP 
NOT 


Negate Decimal with Extend 

Negate 

No Operation 

One's Complement 


TAS 
TRAP 
TRAPV 
TST 


Test and Set Operand 

Trap 

Trap on Overflow 

Test 


DBcc 

DIVS 
DIVU 


Test Condition, Decrement and 

Branch 
Signed Divide 
Unsigned Divide 


OR 


Logical Or 


UNLK 


Unlink 



Tabie 1 1 . Variations of Instruction Types 



Instruction 
Type 


Variation 


Description 


Instruction 
Type 


Variation 


Description 


ADD 


ADD 

ADDA 
ADDQ 
ADDI 
ADDX 


Add 

Add Address 
Add Quick 
Add Immediate 
Add with Extend 


MOVE 


MOVE 

MOVEA 
MOVEM 
MOVEP 
MOVEQ 
MOVE from SR 
MOVE to SR 
MOVE to CCR 
MOVE USP 


Move 

Move Address 

Mpv$ Multiple Registers 

Move Peripheral Data 

Move Quick 

Move from Status Register 

Move to Status Register 

Move to Condition Codes 

Move User Stack Pointer 


AND 


AND 

ANDI 

ANDI to CCR 

ANDI to SR 


Logical And 
And Immediate 
And Immediate to 

Condition Codes 
And Immediate to 

Status Register 


NEG 


NEG 

NEGX 


Negate 

Negate with Extend 


CMP 


CMP 

CMPA 
CMPM 
CMPI 


Compare 
Compare Address 
Compare Memory 
Compare Immediate 


OR 


OR 

ORI 

ORI to CCR 

ORItoSR 


Logical Or 
Or Immediate 

Or Immediate to Condition Codes 
Or Immediate to 
Status Register 


EOR 


EOR 

EORI 
EORItoCCR 

EORI to SR 


Exclusive Or 
Exclusive Or Immediate 
Exclusive Or Immediate 

to Condition Codes 
Exclusive Or Immediate 

to Status Register 


SUB 


SUB 

SUBA 
SUBI 
SUBQ 
SUBX 


Subtract 

Subtract Address 
Subtract Immediate 
Subtract Quick 
Subtract with Extend 
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The following paragraphs contain an overview of the form and 
structure of the R68000 instruction set. The instructions form 
a set of tools that include all the machine functions to perform 
the following operations: 

Data Movement 

Integer Arithmetic 

Logical 

Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 

The complete range of instruction capabilities combined with 
the flexible addressing modes described previously provide a 
very flexible base for program development. 



ADDRESSING 

Instructions for the R68000 contain two kinds of information: the 
type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods used 
to locate (address) the operand(s) are explained in the follow- 
ing paragraphs. 

Instructions specify an operand location in one of three ways: 
Register Specification — the number of the register is given 

in the register field of the 

instruction. 
Effective Address — use of the different effective 

address modes. 
Implicit Reference — the definition of certain instructions 

implies the use of specific 

registers. 



Table 12. Data Movement Operations 



Instruction 


Operand Size 


Operation 


EXG 


32 


Rx-**-Ry 


LEA 


32 


EA-^ An 


LINK 


- 


An -*- - (SP) 

SP -^An 

SP + displacement -*-SP 


MOVE 


8, 16, 32 


s -.-d 


MOVEM 


16,32 


(EA) -^An, Dn 
An, Dn -»-EA 


MOVEP 


16, 32 


(EA)-^Dn 
Dn -^(EA) 


MOVEQ 


8 


#xxx -^Dn 


PEA 


32 


EA -<--(SP) 


SWAP 


32 


Dn[31:16]-«-Dn[15:0] 


UNLK 




An ---Sp 
(SP) + -.►An 


NOTES: 

s = source -( ) = indirect with predecrement 
d = destination ( ) + = indirect with postdecrement 
[ ] = bit number # = immediate data 



operand sizes. Address operations are limited to legal address 
size operands (16 or 32 bits). Data, address, and memory com- 
pare operations are also available. The clear and negate instruc- 
tions may be used on all sizes of data operands. 



DATA IVIOVEMENT OPERATIONS 

The move (MOVE) instruction provides a means for data acquisi- 
tion (transfer and storage), The move instruction and the effec- 
tive addressing modes allow both address and data manipula- 
tion. Data move instructions allow byte, word, and long word 
operands to be transferred from memory to memory, memory 
to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers 
and ensure that only legal address manipulations are executed. 
In addition to the general move instruction there are several 
special data movement instructions: move multiple registers 
(MOVEM), move peripheral data (MOVER), exchange registers 
(EXG), load effective address (LEA), push effective address 
(PEA), link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 12 summarizes the data movement operations. 



INTEGER ARITHMETIC OPERATIONS 

The arithmetic operators include the four basic operations of add 
(ADD), subtract (SUB), multiply (MUL), and divide (DIV) as well 
as arithmetic compare (CMP), clear (CLR), and negate (NEG). 
The add and subtract instructions are available for both address 
and data operations, and with data operations accepting all 



The multiply and divide operations are available for signed and 
unsigned operands using word multiply to produce a long word 
product, and a long word dividend with word divisor to produce 
a word quotient with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplished 
using a set of extended instructions. These instructions are: add 
extended (ADDX), subtract extended (SUBX), sign extend (EXT), 
and negate binary with extend (NEGX). 

A text operand (TST) instruction that sets the condition codes 
as a result of a compare of the operand with zero is available. 
Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 13 summrizes the integer 
arithmetic operations. 

INSTRUCTION FORMAT 

Instructions, as shown in Figure 39, vary from one to five words 
in length. The first word of the instruction, called the operation 
word, specifies the length of the instruction and the operation 
to be performed. The remaining words further specify the 
operands. These words are either immediate operands or exten- 
sions to the effective address mode specified in the operation 
word. 
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Table 13. Integer Arithmetic Operations 



Instruction 


Operand Size 


Operation 


ADD 


8, 16, 32 
16, 32 


Dn 4- (EA) -^Dn 
(EA) + Dn --(EA) 
(EA) + #xxx --(EA) 
An + (EA) --An 


ADDX 


8, 16, 32 
16,32 


Dx + Dy + X -— Dx 

-(Ax) + -(Ay) + X-(Ax) 


CLR 


8, 16, 32 


--EA 


CMP 


8, 16, 32 
16, 32 


Dn - (EA) 
(EA) - #xxx 
(Ax)+ - (Ay)- 
An - (EA) 


DIVS 


32 -r 16 


Dn -r (EA) --Dn 


DIVU 


32 - 16 


Dn - (EA) — Dn 


EXT 


8 -*-16 
16 -1-32 


(Dn)8 --Dni6 
(Dn)i6 - Dn32 


MULS 


16 X 16 -i-32 


Dn X (EA) --Dn 


MULU 


16 X 16 -^32 


Dn X (EA) — Dn 


NEG 


8, 16, 32 


- (EA) -(EA) 


NEGX 


8. 16, 32 


- (EA) - X — (EA) 


SUB 


8, 16, 32 
16, 32 


Dn - (EA) --Dn 
(EA) - Dn — (EA) 
(EA) - #xxx --(EA) 
An - (EA) --An 


SUBX 


8, 16, 32 


Dx - Dy - X -— Dx 

-(Ax) - -tAy) -X--(Ax) 


TAS 


8 


[EA] - 0, 1 --EA[7] 


TST 


8, 16, 32 


(EA) - 


NOTES: 

[ ] = bit number 
-( ) = Indirect with predecrement 
( ) + = indirect with postdecrement 
# = immediate data 



PROGRAM/DATA REFERENCES 

The R68000 separates memory references into two classes: pro- 
gram references, and data references. Program references 
reference that section of memory that contains the program I 
being executed. Data references refer to that section of memory 
that contains data. Operand reads are from the data space, 
except in the case of the program counter relative addressing 
mode. All operand writes are to the data space. 

REGISTER SPECIFICATION 

The register field within an instruction specifies the register to 
be used. Other fields within the Instruction specify whether the 
register selected Is an address or data register and how the 
register is to be used. 

EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example, 
Figure 40 shows the general format of the single effective 
address instruction operation word. The effective address is com- 
posed of two 3-bit fields: the mode field, and the register field. 
The value in the mode field selects the different address modes. 
The register field contains the number of a register. 

The effective address field may require additional Information 
to fully specify the operand. This additional Information, called 
the effective address extension, is contained in the following 
word or words and is considered part of the instruction, as shown 
in Figure 39. The effective address modes are grouped into three 
categories: register direct, memory addressing, and special. 

REGISTER DIRECT MODES. These effective addressing modes 
specify that the operand is In one of the 16 multifunction 
registers. 

Data Register Direct. The operand is in the data register 
specified by the effective address register field. 

Address Register Direct. The operand is in the address register 
specified by the effective address register field. 

MEMORY ADDRESS MODES. These effective addressing 
modes specify that the operand Is in memory and provide the 
specific address of that operand. 






15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 






OPERATION WORD 
(FIRST WORD SPECIFIES OPERATION AND MODES) 




ll\/IMEDIATE OPERAND 
(IF ANY, ONE OR TWO WORDS) 


SOURCE EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 


DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 









Figure 39. Instruction Format 
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15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 3 2 1 






X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


EFFECTIVE ADDRESS 
MODE 1 REGISTER 

































Figure 40. Single-Effective-Address Instruction Operation Word General Format 



Address Register Indirect. The address of the operand is in 
the address register specified by the register field. The reference 
is classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 

Address Register Indirect With Postincrement. The address 
of the operand is in the address register specified by the register 
field. After the operand address is used, it is incremented by 
one, two or four depending upon whether the size of the operand 
is byte, word, or long word, if the address register is the stack 
pointer and the operand size is byte, the address is incremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference classifies as a data reference. 

Address Register Indirect With Predecrement. The address 
of the operand is in the address register specified by the register 
field. Before the operand address is used, it is decremented by 
one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack 
pointer and the operand size is byt6, the address is decremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference is classified as a data reference. 

Address Register Indirect with Displacement. This address 
mode requires one word of extension. The address of the 
operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension 
word. The reference classifies as a data reference with the 
exception of the jump to subroutine instructions. 

Address Register Indirect With Index. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the address register, the sign-extended 
displacement Integer in the low order eight bits of the extension 
word, and the contents of the index register. The reference is 
classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 



SPECIAL ADDRESS MODE. The special address modes use 
the effective address register field to specify the special address- 
ing mode instead of a register number. 

Absolute Short Address. This address mode requires one word 
of extension. The address of the operand is the extension word. 
The 16-bit address is sign extended before it is used. The 
reference classifies as a data reference with the exception of 
the jump and jump to subroutine instructions. 

Absolute Long Address. This address mode requires two words 
of extension. The address of the operand is developed by the 
concatenation of the extension words. The high-order part of 
the address is the first extension word; the low-order part of the 



address is the second extension word. The reference classifies 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 

Program Counter With Displacement. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the program counter and the sign- 
extended 16-bit displacement integer in the extension word. The 
value in the program counter is the address of the extension 
word. The reference classifies as a program reference. 

Program Counter With Index. This address mode requires one 
word of extension. This address sums the addresses in the pro- 
gram counter, the sign-extended displacement integer in the 
lower eight bits of the extension word, and the contents of the 
index register. The value in the program counter is the address 
of the extension word. This reference classifies as a program 
reference. 

immediate Data. This address mode requires either one or two 
words of extension depending on the size of the operation. 
Byte Operation — operand is low order byte of exten- 

sion word 
Word Operation — operand is extension word 

Long Word Operation — operand is in the two extension 
words, high-order 16 bits are in the 
first extension word, low-order 16 
bits are in the second extension 
word. 

IMPLICIT REFERENCE 

Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor stack 
pointer (SSP), the user stack pointer (USP), or the status register 
(SR). 

A selected set of instructions may reference the status register 
by means of the effective address field. These are: 

ANDI to CCR 

ANDI to SR 

EORI to CCR 

EORI to SR 

MOVE to CCR 

MOVE to SR 

MOVE from SR 

ORI to CCR 

ORI to SR 

EFFECTIVE ADDRESS ENCODING SUMMARY 

Table 14 summarizes the effective addressing modes discussed 
in the previous paragraphs. 



1-38 



R68000 



16-Bit MPU 



Table 1 4. Effective Address Encoding Summary 



Addressing Mode 


Mode 


Register 


Data Register Direct 


000 


register number 


Address Register Direct 


001 


register number 


Address Register Indirect 


010 


register number 


Address Register Indirect with 
Postincrement 


011 


register number 


Address Register Indirect with 
Predecrement 


100 


register number 


Address Register Indirect with 
Displacement 


101 


register number 


Address Register Indirect with 
Index 


110 


register number 


Absolute Short 


111 


000 


Absolute Long 


111 


001 


Program Counter with 
Displacement 


111 


010 


Program Counter with Index 


111 


Oil 


Immediate 


111 


100 



SYSTEM STACK. The system stack is used implicitly by many 
instructions; user stacks and queues may be created and main- 
tained through the addressing modes. Address register seven 
(A7) is the system stack pointer (SP). The system stack pointer 
Is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S-bit in the status 
register. If the S-bit indicates supervisor state (High), SSP is the 
active system stack pointer, and the USP cannot be referenced 
as an address register. If the S-bit indicates user state (Low), 
the USP is the active system stack pointer, and the SSP can- 
not be referenced. Each system stack fills from high memory 
to low memory. 

LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT are 
available for all sizes of integer data operands. A similar set of 
immediate instructions (ANDI, ORI, and EORI) provide these 
logical operations with all sizes of immediate data. Table 15 sum- 
marizes the logical operations. 

SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by arithmetic 
instructions ASR and ASL and logical shift instructions LSR and 
LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate opera- 
tions can be performed in either registers or memory. Register 
shifts and rotates support all operand sizes and allow a shift 
count specified in a data register. 



Table 1 5. Logical Operations 



Instruction 


Operand Size 


Operation 


AND 


8, 16, 32 


DnA(EA) -*-Dn 
(EA)ADn -^(EA) 
(EA)A#xxx -^(EA) 


OR 


8, 16, 32 


Dn p (EA) -•-Dn 
(EA) V Dn -•-(EA) 
(EA) V #xxx -^(EA) 


EOR 


8. 16, 32 


(EA) s Dy -.-(EA) 
(EA) e #xxx -^(EA) 


NOT 


8, 16, 32 


~(EA)-.-(EA) 


NOTES: 

~ = invert v = logical OR 

# = immediate data ® = logical exclusive OR 

A = logical AND 




Memory shifts and rotates are for word operands only and allow 
only single-bit shifts or rotates. 

Table 16 summarizes the shift and rotate operations. 

BIT MANIPULATION OPERATIONS 

The following instructions provide bit manipulation operations: 
bit test (BTST), bit test and set (BSET), bit test and clear (BCLR), 
and bit test and change (BCHG). Table 17 is a summary of the 
bit manipulation operations. (Bit 2 of the status register is Z.) 



Table 16. Shift and Rotate Operations 



Instruction 



ASL 



ASR 



LSL 



LSR 



ROL 



ROR 



ROXL 



ROXR 



Operand 
Size 



8, 16, 32 



8, 16, 32 



8, 16, 32 



8, 16, 32 



8, 16, 32 



8, 16, 32 



8, 16, 32 



8, 16, 32 



Operation 



^]— ^xJc] 



[x/c| "*~-[^ 



>-" 



o-*E 



-^h~Hx/c 



[£> 



3-m] 



[c>i-n 



>-CK>J 



4i]-*c 



±HI} 
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Table 17. Bit Manipulation Operations 



Table 19. Program Control Operations 



Instruction 


Operand Size 


Operation 


BTST 


8, 32 


~ bit of (EA) -^Z 


BSET 


8,32 


- bit of (EA) -^Z 
1 -^bitofEA 


BCLR 


8,32 


- bit of (EA) -*-Z 
-^bit of EA 


BCHG 


~ 8, 32 


- bit of (EA) -^Z 

- bit of (EA) -*-bit of EA 


NOTE: - = invert 



BINARY CODED DECIMAL OPERATIONS 

The following instructions accomplish multiprecision arithmetic 
operations on binary coded decimalnumbers: add decimal with 
extend (ABOD), subtract decimal with extend (SBCD), and 
negate decimal with extend (NBCD). Table 18 summarizes the 
binary coded decimal operations. 

PROGRAM CONTROL OPERATIONS 

Program control operations implementation requires a series of 
conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 19. 

The conditional instructions provide setting and branching for 

the following conditions: 

CC — carry clear 

CS — carry set 

EQ — equal 

F — never true 

GE — greater or equal 

GT — greater than 

HI —high 

LE — less or equal 

LS — low or same 

LT — less than 

Ml — minus 

NE — not equal 

PL — plus 

T — always true 

VC — no overflow 

VS — overflow 



Table 18. Binary Coded Decimal Operations 



Instruction 


Operand Size 


Operation 


ABCD 


8 


Dxio + Dyio + X -»-Dx 
-(Ax)io + -(Ay)io + X -^(Ax) 


SBCD 


8 


Dxio - Dyio - X -»-Dx 
-(Ax)io - -(Ay)iO - X -^(Ax) 


NBCD 


8 


- (EA)io - X -.^(EA) 


NOTE: -( ) = indirect with predecrenient 



Instruction 


Operation 


Conditional 

BCC 

DBcc 

Sec 


Branch conditionally (14 conditions) 
8- and 16-bit displacement 

Test condition, decrement, branch 
16-bit displacement 

Set byte conditionally (16 conditions) 


Unconditional 

BRA 

BSR 

JMP 
JSR 


Branch always 
8- and 1 6-bit displacement 

Branch to subroutine 
8- and 1 6-bit displacement 

Jump 

Jump to subroutine 


Returns 

RTR 

RTS 


Return and restore condition codes 
Return from subroutine 



SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privileged 
instructions, trap generating instructions, and instructions that 
use or modify the status register. These instructions are sum- 
marized in Table 20. 



INSTRUCTION SET 

The following paragraphs provide information about the address- 
ing categories and instruction set of the R68000. 

ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways in 

which they may be used. The following classifications will be 

used in the Instructions definitions. 

Data If an effective address mode may be used to refer 

to data operands, it is considered a data addressing 
effective address mode. 

Memory If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 

Alterable If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered an 
alterable addressing effective address mode. 

Control If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered control addressing effective address 
mode. 

Table 21 shows the various categories to which each of the effec- 
tive address modes belong. Table 22 is the instruction set 
summary. 
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Table 20. System Control Operations 



Instruction 


Operation 


Privileged 




ANDI to SR 


Logical AND to Status Register 


EORI to SR 


Logical EOR to Status Register 


MOVE EA to SR 


Load New Status Register 


IVIOVE USP 


Move User Stack Pointer 


ORI to SR 


Logical OR to Status Register 


RESET 


Reset External Devices 


RTE 


Return from Exception 


STOP 


Stop Program Execution 


Trap Generating 




CHK 


Check Data Register Against Upper Bounds 


TRAP 


Trap 


TRAPV 


Trap on Overflow 


Status Register 




ANDI to OCR 


Logical AND to Condition Codes 


EORI to COR 


Logical EOR to Condition Codes 


MOVE EA to CGR 


Load New Condition Codes 


MOVE SR to EA 


Store Status Register 


ORI to COR 


Logical OR to Condition Codes 



INSTRUCTION PREFETCH 

The R68000 uses a two-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is 
described in terms of the microcode operations involved. If the 
execution of an instruction is defined to begin when the 
microroutine for that instruction is entered, some features of the 
prefetch mechanism can be described. 

1) When execution of an instruction begins, the operation word 
and the word following have already been fetched. The opera- 
tion word is in the instruction decoder. 

2) In the case of multi-word instructions, as each additional word 
of the instruction is used internally, a fetch is made to the 
instruction stream to replace it. 

3) The last fetch from the instruction stream is made when the 
operation word is discarded and decoding is started on the 
next instruction. 

4) If the instruction is a single-word instruction causing a branch, 
the second word is not used. But because this word is fetched 
by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 

5) In the case of an interrupt or trace exception, both words are 
not used. 

6) The program counter usually points to the last word fetched 
from the instruction stream. 




The status register addressing mode is not permitted unless it 
is explicitly mentioned as a legal addressing mode. 

These categories may be combined, so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 
memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 



INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. In this 
timing data, it is assumed that both memory read and write cycle 
times are four clock periods. Any wait states caused by a longer 
memory cycle must be added to the total instruction time. The 
number of bus read and write cycles for each instruction Is 
enclosed in parenthesis following the execution periods and is 
shown as (r/w) where r is the number of read cycles and w is 
the number of write cycles. 



Table 21. Effective Addressing Mode Categories 



Effective 
Address 
Modes 


IMode 


Register 


Addressing Categories 


Data 


Memory 


Control 


Alterable 


Dn 
An 
(An) 


000 
001 
010 


Register Number 
Register Number 
Register Number 


X 
X 


X 


X 


X 
X 
X 


(An) + 
-(An) 
d(An) 


oil 

100 
101 


Register Number 
Register Number 
Register Number 


X 
X 
X 


X 
X 
X 


X 


X 
X 
X 


d(An, ix) 
xxx.W 
XXX. L 


110 

111 
111 


Register Number 

000 

001 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


d(PC) 
d(PC, ix) 
^xxx 


111 
111 
111 


010 
Oil 
X 


X 
X 
X 


X 
X 
X 


X 
X 


~z 
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Table 22. Instruction Set 



Mnemonic 


Description 


Operation 


Condition Codes 


X 


N 


z 


V 


c 


ABCD 


Add Decimal with Extend 


(Destination)io + (Source)io + X -^Destination 


* 


U 




u 


> 


ADD 


Add Binary 


(Destination) + (Source) -*- Destination 


* 


* 




* 


* 


ADDA 


Add Address 


(Destination) + (Source) -+- Destination 


- 


- 


- 


- 


- 


ADD! 


Add Immediate 


(Destination) + Immediate Data -^Destination 


* 






* 


* 


ADDQ 


Add Quick 


(Destination) + Immediate Data -fc- Destination 


* 






* 


* 


ADDX 


Add Extended 


(Destination) + (Source) + X -*- Destination 


• 






* 


* 


AND 


AND Logical 


(Destination) A (Source) ■*- Destination 


- 












ANDI 


AND Immediate 


(Destination) A Immediate Data -^Destination 


— 












AND! to COR 


AND Immediate to Condition Codes 


(Source) A CCR -»-CCR 


* 






* 


* 


ANDI to SR _ 


AND Immediate to Status Register 


(Source) A SR -»-SR 


* 






* 


* 


ASL, ASR 


Arithmetic Shift 


(Destination) Shifted by < count > -^Destination 


* 






* 


* 


BCG 


Branch Conditionally 


If CC then PC + d -»-PC 


- 


- 


- 


- 


— 


BGHG 


Test a Bit and Change 


~ (<bit number>) OF Destination -^Z 
~ (<bit fjumber>) OF Destination -*- 
<bit number > OF Destination 


- 


- 


* 


- 


- 


BCLR 


Test a Bit and Clear 


- (<bit number >) OF Destination -*-Z 
-»-<bit number> -^OF Destination 


- 


- 




- 


- 


BRA 


Branch Always 


PC + d -»-PC 


— 


— 


— 


__ 


— 


BSET 


Test a Bit and Set 


~ (<bit number >) OF Destination -+-Z 
1 -^< bit number > OF Destination 


— 


— 


* 


— 


_ 


BSR 


Branch to Subroutine 


PC -»-(SP); PC + d -*-PC 


— 


— 


— 


_ 


— 


BIST 


Test a Bit 


~ (<bit number >) OF Destination ->-Z 


— 


— 




— 




CHK 


Check Register Against Bounds 


If Dn <0 or Dn> (<ea>) then TRAP 


- 


* 


u 


u 


u 


CLR 


Clear and Operand 


-►-Destination 


— 





1 








CMP 


Compare 


(Destination) - (Source) 


- 




* 


* 




CMPA 


Compare Address 


(Destination) - (Source) 


- 




* 


* 


* 


CMPI 


Compare Immediate 


(Destination) - Immediate Data 


— 




* 


* 


* 


CMPM 


Compare Memory 


(Destination) - (Source) 


- 




* 


* 


* 


DBcc 


Test Condition, Decrement and Branch 


If ~ CC then Dn - 1 -►-Dn; if Dn ^ - 1 then PC + d -^PC 


- 


- 


- 




- 


DIVS 


Signed Divide 


(Destination)/(Source) -^Destination 


- 




* 


* 





DIVU 


Unsigned Divide 


(Destination)/(Source) -^Destination 


— 




* 


* 





EOR 


Exclusive OR Logical 


(Destination) ® (Source) -^Destination 


— 




* 








EORI 


Exclusive OR Immediate 


(Destination) ® Immediate Data -^Destination 


- 




* 








EORI to CCR 


Exclusive OR Immediate 
to Condition Codes 


(Source) ® CCR -»-CCR 






* 


* 


* 


NOTES: 

A = logical AND * = affected 
V = logical OR — = unaffected 
® = logical exclusive OR = cleared 
~ = logical complement 1 = set 

U = undefined 
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Table 22. Instruction Set (Continued) 



Mnemonic 


Description 


Operation 


Condition Codes 


X 


N 


z 


V 


c 


EORI to SR 


Exclusive OR Immediate 
to Status Register 


(Source) ® SR -»-SR 


• 


• 


* 


* 


* 


EXG 


Exchange Register 


Rx-»^Ry 


- 


- 


- 


- 


- 


EXT 


Sign Extend 


(Destination) Sign-Extended -»- Destination 


- 


* 


* 








JMP 


Jump 


Destination -^PC 


- 


- 


- 


- 


- 


JSR 


Jump to Subroutine 


PC -*- -(SP); Destination -*-PC 


- 


- 


- 


- 


- 


LEA 


Load Effective Address 


<ea> -*-An 


~ 


- 


- 


- 


- 


LINK 


Link and Allocate 


An -►(SP); SP -»-An; SP + Displacement -►SP 


- 


- 


- 


- 


- 


LSL, LSR 


Logical Shift 


(Destination) Shifted by <count> -► Destination 


* 


* 


* 





• 


MOVE 


Move Data from Source to Destination 


(Source) -»- Destination 


- 


* 


* 








MOVE to OCR 


Move to Condition Code 


(Source) -►OCR 


* 


* 


* 


* 


* 


MOVE to SR 


Move to the Status Register 


(Source) -►SR 


* 


* 


* 


• 


* 


MOVE from SR 


Move from the Status Register 


SR -►Destination 


- 


- 


- 


- 


- 


MOVE USP 


Move User Stack Pointer 


USP -►An; An -►USP 


- 


- 


- 


- 


- 


MOVEA 


Move Address 


(Source) -►Destination 


- 


- 


- 


- 


- 


MOVEM 


Move Multiple Registers 


Register -►Destination 
(Source) -►Registers 


- 


- 


- 


- 


- 


MOVER 


Move Peripheral Data 


(Source) ■►Destination 


- 


- 


- 


- 


- 


MOVEQ 


Move Quick 


Immediate Data -►Destination 


- 












MULS 


Signed Multiply 


(Destination)X(Source) -► Destination 


— 












MULU 


Unsigned Multiply 


(Destination)X(Source) -►Destination 


- 












NBCD 


Negate Decimal with Extend 


- (Destination)-] - X -►Destination 


* 


U 




u 


* 


NEG 


Negate 


- (Destination) -►Destination 


* 






* 


* 


NEGX 


Negate with Extend 


- (Destination) - X -►Destination 


* 






* 


* 


NOP 


No Operation 


— 


— 


— 


— 


— 


— 


NOT 


Logical Complement 


~ (Destination) -►Destination 


— 












OR 


Inclusive OR Logical 


(Destination) f (Source) -►Destination 


— 












ORI 


■ 
Inclusive OR Immediate 


(Destination) v Immediate Data -►Destination 


- 












ORI to COR 


Inclusive OR Immediate 
to Condition Codes 


(Source) r OCR ^CCR 


* 






* 


* 


ORItoSR 


Inclusive OR Immediate 
to Status Register 


(Source) p SR -►SR 


* 






* 




PEA 


Push Effective Address 


<ea> -►- (SP) 


_ 


— 


— 


— 


— 


RESET 


Reset External Device 


— , , ■■ 


— 


— 


— 


— 


— 


ROL, ROR 


Rotate (Without Extend) 


(Destination) Rotated by <count> -►Destination 


- 


* 


• 





* 


NOTES: 

A = logical AND * = affected 
V = logical OR — = unaffected 
® - logical exclusive OR = cleared 
~ = logical complement 1 = set 

U = undefined 
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Table 22. Instruction Set (Continued) 



Mnemonic 


Description 


Operation 


Condition Codes 


X 


N 


z 


V 


C 


ROXL, ROXR 


Rotate with Extend 


(Destination) Rotated by <count> -^-Destination 


* 


* 


V 





• 


RTE 


Return from Exception 


(SP) + -i-SR; (SP) + -^PC 


* 




* 


* 


* 


RTR 


Return and Restore Condition Codes 


(SP) + -*-CC; (SP) + -*-PC 


* 




* 


* 


* 


RTS 


Return from Subroutine 


(SP) + -^PC 


- 


- 


- 


- 


- 


SBCD 


Subtract Decimal with Extend 


(Destination)io - (Source)io - X -*- Destination 


* 


U 


* 


u 


* 


Sec 


Set According to Condition 


If cc then 1's -^Destination else O's -»- Destination 


- 


__ 




- 


— 


STOP 


Load Status Register and Stop 


Immediate Data -*- SR; STOP 


* 


* 


* 


* 


* 


SUB 


Subtract Binary 


(Destination) - (Source) -»- Destination 


* 


* 


* 


* 


* 


SUBA 


Subtract Address 


(Destination) - (Source) -^Destination 


- 


_ 


- 


- 


- 


SUBI 


Subtract Immediate 


(Destination) - Immediate Data -►-Destination 


• 


* 




* 




SUBQ 


Subtract Quick 


(Destination) - Immediate Data -*- Destination 


* 


* 


* 


* 


* 


SUBX 


Subtract with Extend 


(Destination) - (Source) - X -»- Destination 


* 


* 




* 


* 


SWAP 


Swap Register Halves 


Register [31:1 6]-*^Register [15:0] 




* 


*, 








TAS 


Test and Set an Operand 


(Destination) Tested -•-CC; 1 -^[7] OF Destination 






* 








TRAP 


Trap 


PC — - (SSP); SR -.- - (SSP); (Vector) -^PC 


— 


— 


— 




— 


TRAPV 


Trap on Overflow 


If V then TRAP 


- 


- 


- 


~~ 


- 


TST 


Test and Operand 


(Destination) Tested -•►CC 


- 


* 


* 








UNLK 


Unlink 


An -*-SP; (SP) + -»-An 


- 


- 


- 


- 


- 


NOTES: 

[] = bit number * = affected 
A = logical AND — = unaffected 
V = logical OR = cleared 
® = logical exclusive OR 1 = set 
- = logical complement U = undefined 



Note 

The number of periods includes instruction fetch and all 
applicable operand fetches and stores. 

EFFECTIVE ADDRESS OPERAND 
CALCULATION TIMING 

Table 23 lists the number of clock periods required to compute 
an instruction's effective address. It includes fetching of any 
extension words, the address computation, and fetching of the 
memory operand. The number of bus read and write cycles is 
shown in parenthesis as (r/w). Note there are no write cycles 
involved in processing the effective address. 

MOVE INSTRUCTION CLOCK PERIODS 

Tables 24 and 25 indicate the number of clock periods for the 
move instruction. This data includes instruction fetch, operand 
reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 



STANDARD INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 26 delineate the 
time required to perform the operations, store the results, and 
read the next instruction. The number of bus read and write 
cycles is shown in parenthesis as (r/w). Tine number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 

In Table 26, the headings have the following meanings: 
An = address register operand, Dn = data register operand, 
ea = an operand specified by an effective address, and 
M = memory effective address operand. 

IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 27 includes the 
time to fetch immediate operands, perform the operations, store 
the results, and read the next operation. The number of bus read 
and write cycles is shown in parenthesis as (r/w). The number 
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Table 23. Effective Address Calculation timing 



Addressing Mode 


Byte, Word 


Long 


Dn 
An 


Register 

Data Register Direct 
Address Register Direct 


0(0/0) 

0(0/0) 


0(0/0) 
0(0/0) 


(An) 
(An) + 


Memory 

Address Register Indirect 

Address Register Indirect with Postincrement 


4(1/0) 
4(1/0) 


8(2/0) 
8(2/0) 


-(An) 
d(An) 


Address Register Indirect with Predecrement 
Address Register Indirect with Displacement 


6(1/0) 
8(2/0) 


10(2/0) 
12(3/0) 


d(An, ix)* 
xxx.W 


Address Register Indirect with Index 
Absolute Short 


10(2/0) 
8(2/0) 


14(3/0) 
12(3/0) 


xxx.L 
d(PG) 


Absolute Long 

Program Counter with Displacement 


12(3/0) 
8(2/0) 


16(4/0) 
12(3/0) 


d(PC. ix)* 
#xxx 


Program Counter with Index 
Immediate 


10(2/0) 
4(1/0) 


14(3/0) 
8(2/0) 


*The size of the index register (Ix) does not affect execution time. 




Table 24. Move Byte and Word Instruction Cloclc Periods 



Source 


Destination 


Dn 


An 


(An)- 


(An) + 


-(An) 


d(An) 


d(An, Ix)* 


xxx.W 


xxx.L 


Dn 
An 
(An) 


4(1/0) 
4(1/0) 
8(2/0) 


4(1/0) 
4(1/0) 
8(2/0) 


8(1/1) 

8(1/1) 

12(2/1) 


8(1/1) 

8(1/1) 

12(2/1) 


8(1/1) 

8(1/1) 

12(2/1) 


12(2/1) 
12(2/1) 
16(3/1) 


14(2/1) 
14(2/1) 
18(3/1) 


12(2/1) 
12(2/1) 
16(3/1) 


16(3/1) 
16(3/1) 
20(4/1) 


(An) + 
-(An) 
d(An) 


8(2/0) 
10(2/0) 
12(3/0) 


8(2/0) 
10(2/0) 
12(3/0) 


12(2/1) 
14(2/1) 
16(3/1) 


12(2/1) 
14(2/1) 
16(3/1) 


12(2/1) 
14(2/1) 
16(3/1) 


16(3/1) 
18(3/1) 
20(4/1) 


18(3/1) 
20(3/1) 
22(4/1) 


16(3/1) 
18(3/1) 
20(4/1) 


20(4/1) 
22(4/1) 
24(5/1) 


d(An, ix)* 

xxx.W 

xxx.L 


14(3/0) 
12(3/0) 
16(4/0) 


14(3/0) 
12(3/0) 
16(4/0) 


18(3/1) 
16(3/1) 
20(4/1) 


18(3/1) 
16(3/1) 
20(4/1) 


18(3/1) 
16(3/1) 
20(4/1) 


22(4/1) . 

20(4/1) 

24(5/1) 


24(4/1) 
22(4/1) 
26(5/1) 


22(4/1) 
20(4/1) 
24(5/1) 


26(5/1) 
24(5/1) 
28(6/1) 


d(PC) 
d(PC, ix)* 
#xxx 


12(3/0) 
14(3/0) * 
8(2/0) 


12(3/0) 

14(3/0) 

8(2/0) 


16(3/1) 
18(3/1) 
12(2/1) 


16(3/1) 
18(3/1) 
12(2/1) 


16(3/1) 
18(3/1) 
12(2/1) 


20(4/1) 
22(4/1) 
16(3/1) 


22(4/1) 
24(4/1) 
18(3/1) 


20(4/1) 
22(4/1) 
16(3/1) 


24(5/1) 
26(5/1) 
20(4/1) 


*The size of the index register (ix) does not affect execution time. 



of clock periods and the number of read and write cycles must 
be added respectively to those of the effective adress calcula- 
tion where indicated. 

In Table 27, the headings have the following meanings: 
# = immediate operand, Dn=5,data register operand, 
An = address register operand, M = memory operand, and 
SB = status register. 



SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 28 indicates the number of clock periods for the single 
operand instructions, the number of bus read and write cycles 
is shown In parenthesis as (r/w). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 
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Table 25. Move Long Instruction Clock Periods 



Source 


Destination 


Dn 


An 


(An) 


(An) + 


-(An) 


d(An) 


d(An, ix)* 


xxx.W 


xxx.L 


Dn 
An 
(An) 


4(1/0) 

4(1/0) 

12(3/0) 


4(1/0) 

4(1/0) 

12(3/0) 


12(1/2) 
12(1/2) 
20(3/2) 


12(1/2) 
12(1/2) 
20(3/2) 


12(1/2) 
12(1/2) 
20(3/2) 


16(2/2) 
16(2/2) 
24(4/2) 


18(2/2) 
18(2/2) 
26(4/2) 


16(2/2) 
16(2/2) 
24(4/2) 


20(3/2) 
20(3/2) 
28(5/2) 


(An) + 
-(An) 
d(An) 


12(3/0) 
14(3/0) 
16(4/0) 


12(3/0) 
14(3/0) 
16(4/0) 


III 


20(3/2) 
22(3/2) 
24(4/2) 


20(3/2) 
22(3/2) 
24(4/2) 


24(4/2) 
26(4/2) 
28(5/2) 


III 


24(4/2) 
26(4/2) 
28(5/2) 


28(5/2) 
30(5/2) 
32(6/2) 


d(An, ix)* 

xxx.W 

xxx.L 


18(4/0) 
16(4/0) 
20(5/0) 


18(4/0) 
16(4/0) 
20(5/0) 


26(4/2) 
24(4/2) 
28(5/2) 


26(4/2) 
24(4/2) 
28(5/2) 


26(4/2) 
24(4/2) 
28(5/2) 


30(5/2) 
28(5/2) 
32(6/2) 


32(5/2) 
30(5/2) 
34(6/2) 


III 


34(6/2) 
32(6/2) 
36(7/2) 


d(PC) 
d(PC, ix)* 
#xxx 


16(4/0) 
18(4/0) 
12(3/0) 


16(4/0) 
18(4/0) 
12(3/0) 


24(4/2) 
26(4/2) 
20(3/2) 


o«^ 


III 


28(5/2) 
30(5/2) 
24(4/2) 


30(5/2) 
32(5/2) 
26(4/2) 


28(5/2) 
30(5/2) 
24(4/2) 


32(5/2) 
34(6/2) 
28(5/2) 


*The size of the index register (ix) does not affect execution time. 



Table 26. Standard instruction Clock Periods 



instruction 


Size 


op<ea>, Ant 


op<ea>, Dn 


op Dn, <IVI> 


ADD 


Byte, Word 


. 8(1/0) + 


4(1/0)+ 


8(1/1) + 


Long 


6(1/0)+** 


6(1/0)+** 


12(1/2) + 


AND 


Byte, Word 


— 


4(1/0) + 


8(1/1) + 


Long 


— 


6(1/0)+** 


12(1/2) + 


CMP 


Byte, Word 


6(1/0) + 


4(1/0) + 





Long 


6(1/0) + 


6(1/0) + 


- 


DIVS 


— 


— 


158(1/0)+* 


— 


DIVU 


: ■■ ' . — 


— 


140(1/0)+* 


— 


EOR 


Byte, Word 


_ 


4(1/0)*** 


8(1/1) + 


Long 


— 


8(1/0)*** 


12(1/2) + 


MULS 


' ^_ ■ 


— 


70(1/0)+* 


— 


MULU 


— 


— 


70(1/0)+* 


— 


OR 


Byte, Word 


•,: 


4(1/0)+ 


8(1/1) + 


Long 


— 


6(1/0)+** 


12(1/2) + 


SUB 


Byte, Word 


8(1/0) + 


4(1/0) + 


8(1/1) + 


Long 


6(1/0)+** 


6(1/0)+** 


12(1/2) + 


NOTES: 

+ add effective address calculation time 
t word or long only 
* indicates maximum value 
** The base time of six clock periods is increased to eight if the effective address mode is register direct or immediate (effective address time 

should also be added). 
*** Only available effective address mode Is data register direct 

DIVS, DIVU The divide algorithm used by the R68000 provides less than 10% difference between the best and worst case timings. 
MULS, MULU The multiply algorithm requires 38 + 2n clocks where n is defined as: 
MULU: n = the number of ones in each <ea> 

MULU: n = concatanate the <ea> with a zero as the LSB; n is the resultant number of 10 or 01 patterns inthe 17-bit source; i.e., worst 
case happens when the source is $5555. 
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Table 27. Imrnecliate Instruction Clock Periods 


Instruction 


Size 


op #, Dn 


op #, An 


op#, M 


ADDI 


Byte, Word 


8(2/0) 


_ , 


12(2/1) + 


Long 


16(3/0) 


■ — , 


20(3/2)4- 


ADDQ 


Byte, Word 


4(1/0) 


8(1/0)* 


8(1/1) + 


Long 


8(1/0) 


8(1/0) 


12(1/2) + 


ANDI 


Byte, Word 


8(2/0) 


— • ■ ■ 


12(2/1) + 


Long 


16(3/0) 


— 


20(3/1)+ 


CMPI 


Byte, Word 


8(2/0) 


. — 


8(2/0) + 


Long 


14(3/0) 


— 


12(3/0) + 


EORI 


Byte, Word 


8(2/0) 


— 


12(2/1) + 


Long 


16(3/0) 


— . 


20(3/2)+ 


MOVEQ 


Long 


4(1/0) 


- 


' ■ - 


ORI 


Byte, Word 


8(2/0) 


— 


12(2/1) + 


Long 


16(3/0) 


— 


20(3/2) + 


SUBI 


Byte, Word 


8(2/0) 


— 


12(2/1) + 


Long 


16(3/0) 


— 


20(3/2) + 


SUBQ 


Byte, Word 


4(1/0) 


8(1/0)* 


8(1/1) + 


Long 


8(1/0) 


8(1/0) 


12(1/2) + 


+ add effective address calculation time 
* word only 



Table 28. Single Operand Instruction Clock Periods 



Instruction 


Size 


Register 


Memory 


CLR 


Byte, Word 


4(1/0) 


. 8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


NBCD 


Byte 


6(1/0) 


8(1/1) + 


NEG 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


NEGX 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


NOT 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


Sec 


Byte, False 


4(1/0) 


8(1/1) + 


Byte, True 


6(1/0) 


8(1/1) + 


TAS 


Byte 


4(1/0) 


10(1/1) + 


TST 


Byte, Word 


4(1/0) 


4(1/0) + 


Long 


4(1/0) 


4(1/0) + 


+ add effective address calculation time 
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SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table 29 delineates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write cycles 
is shown in parenthesis as: (r/w). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 



CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 31 delineates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 



BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Table 30 indicates the number of clock periods required for the 
bit manipulation instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 



JMP, JSR, LEA, PWA, MOVEM INSTRUCTION CLOCK 
PERIODS 

Table 32 indicates the number of clock periods required for the 
jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The 
number of bus read and write cycles is shown in parenthesis 
as: (r/w). 



Table 29. Shift/Rotate Instruction Clock Periods 



Instruction 


Size 


Register 


Memory 


ASR, ASL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 


— 


LSR, LSL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 


— 


ROR, ROL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 


— 


ROXR, ROXL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 


— 


+ add effective address calculation time 
n is shift or rotate count 



Table 30. Bit Manipulation Instruction Clock Periods 



instruction 


Size 


Dynamic 


Static 


Register 


Memory 


Register 


Memory 


BCHG 


Byte 





8(1/1) + 


__ 


12(2/1) + 


Long 


8(1/0)* 


— 


12(2/0)* 


— 


BCLR 


Byte 


— 


8(1/1) + 


— 


12(2/1) + 


Long 


10(1/0)* 


— 


14(2/0)* 


— 


BSET 


Byte 


— 


8(1/1) + 


_ 


12(2/1) + 


Long 


8(1/0)* 


— 


12(2/0)* 


— 


BTST 


Byte 


_ 


4(1/0) + 


— 


8(2/0) + 


Long 


6(1/0) 


— 


10(2/0) 


— 


+ add effective address calculation time 
* indicates maximum value 
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Table 31. Conditional Instruction Clock Periods 



Instruction 


Displacement 


Branch Taken 




BCC 


Byte 


t0(2/0) 


8(1/0) 


Word 


10(2/0) 


12(2/0) 


BRA 


Byte 


10(2/0) 





Word 


10(2/0) 


— 


BSR 


Byte 


18(2/2) 





Word 


18(2/2) 


— 


DBcc 


CCtrue 


— 


12(2/0) 


CC false 


10(2/0) 


14(3/0) 



Table 32. JIVIP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK PERIODS 



Instr 


Size 


(An) 


(An) + 


-(An) 


d(An) 


d(An, ix)* + 


xxx.W 


xxx.L 


d(PC) 


d(PC, ix)* 


JMP 


— 


8(2/0) 


— 


— 


10(2/0) 


14(3/0) 


10(2/0) 


12(3/0) 


10(2/0) 


14(3/0) 


JSR 


— 


16(2/2) 


— 


— 


18(2/2) 


22(2/2) 


18(2/2) 


20(3/2) 


18(2/2) 


22(2/2) 


LEA 


— 


4(1/0) 


— 


— 


8(2/0) 


12(2/0) 


8(2/0) 


12(3/0) 


8(2/0) 


12(2/0) 


PEA 


— 


12(1/2) 


- 


- 


16(2/2) 


20(2/2) 


16(2/2) 


20(3/2) 


16(2/2) 


20(2/2) 


MOVEM 
M -* R 


Word 


12 + 4n 

(3 + n/0) 


12 + 4n 

(3 + n/0) 


- 


16 + 4n 
(4 + n/0) 


18 +4n 

(4 + n/0) 


16 + 4n 

(4 + n/0) 


20 + 4n 

(5 + n/0) 


16 + 4n 

(4 + n/0) 


18 + 4n 

(4 + n/0) 


Long 


12 + 8n 

(3 + 2n/0) 


12 + 8n 

(3 + 2n/0) 


- 


16 + 8n 

(4 + 2n/0) 


18 + 8n 

(4 + 2n/0) 


16 + 8n 

(4 + 2n/0) 


20 + 8n 

(5 + 2n/0) 


16 + 8n 

(4 + 2n/0) 


18 + 8n 

(4 + 2n/0) 


MOVEM 
R - M 


Word 


8 -f- 4n 

(2/n) 


- 


8 + 4n 

(2/n) 


12 + 4n 

(3/n) 


14 + 4n 

(3/n) 


12 + 4n 

(3/n) 


16 + 4n 

(4/n) 


- 


I 


Long 


8 -»- 8n 

(2/2n) 


"^ 


8 + 8n 

(2/2n) 


12 + 8n 

(3/2n) 


14 + 8n 

(3/2n) 


12 + 8n 

(3/2n) 


16 + 8n 

(4/2n) 


- 


- 


n is the number of registers to move 

* The size of the index register (ix) does not affect the instruction's execution time 



Table 33. Multi-Precision Instruction Clock Periods 



MULTI-PRECISION INSTRUCTION CLOCK PERIODS 

Table 33 delineates the number of clock periods for the multi- 
precision instructions. The number of clock periods Includes the 
time to fetch both operands, perform the operations, store the 
results, and read the next Instructions. The number of read and 
write cycles is shown in parenthesis as: (r/w). 

In Table 33, the headings have the following meanings: Dn = data 
register operand and M = memory operand. 



Instruction 


Size 


op Dn, Dn 


opM, IM 


ADDX 


Byte, Word 


4(1/0) 


18(3/1) 


Long 


8(1/0) 


30(5/2) 


CMPM 


Byte, Word 


— 


12(3/0) 


Long 


— 


20(5/0) 


SUBX 


Byte, Word 


4(1/0) 


18(3/1) 


Long 


8(1/0) 


30(5/2) 


ABCD 


Byte 


6(1/0) 


18(3/1) 


SBCD 


Byte 


6(1/0) 


18(3/1) 
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MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Table 34 and 35 indicate the number of clock periods for the 
following miscellaneous instructions. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). The number 
of clock periods plus the number of read and write cycles must 
be added to those of the effective address calculation where 
indicated. 



EXCEPTION PROCESSING CLOCK PERIODS 

Table 36 delineates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 



Table 34. Misdeiianeous Instruction Clock Periods 



Instruction 


Size 


Register 


Memory 


Instruction 


Size 


Register 


Memory 


AND! to CCR 


Byte 


20(3/0) 


— 


LINK 


— 


16(2/2) 


— 


ANDItoSR 


Word 


20(3/0) 


- 


MOVE from USP 


- 


4(1/0) 


— 


CHK 


— 


10(1/0) + 


— 


MOVE to USP 


— 


4(1/0) 


— 


EORI to CCR 


Byte 


20(3/0) 


- 


NOP 


- 


4(1/0) 


— 


EORl to SR 


Word 


20(3/0) 


- ■ 


RESET 


. - 


132(1/0) 


— 


ORI to CCR 


Byte 


20(3/0) 


- 


RTE 


- 


20(5/0) 


— .. 


OR! to SR 


Word 


20(3/0) 


- 


RTR 


- 


20(5/0) 


- 


MOVE from SR 


■■■- •; - '■' 


6(1/0) 


8(1/1) + 


RTS 


- 


16(4/0) 


— 


MOVE to CCR 


•-_ ■ 


12(2/0) 


12(2/0) + 


STOP 


- 


4(0/0) 


— 


MOVE to SR 


— 


12(2/0) 


12(2/0) + 


SWAP 


— 


4(1/0) 


_ 


EXG 


- 


6(1/0) 


- 


TRAPV 


- 


4(1/0) 


— 


EXT 


Word 


4(1/0) 





UNLK 


— 


12(3/0) 


— 


Long 


4(1/0) 


- 


+ add effective address calculation time 



Table 35. Move Peripheral Instruction Execution Times 



Table 36. Exception Processing Clock Periods 



Instruction 


Size 


Register-h- Memory 


Memory-*-Register 


MOVEP 


Word 


16(2/2) 


16(4/0) 


Long 


24(2/4) 


24(6/0) 



Exception 


Periods 


Address Error 


50(4/7) 


Bus Error 


50(4/7) 


CHK Instruction 


44(5/4) + 


Divide by Zero 


42(5/4) 


Illegal Instruction 


34(4/3) 


Interrupt 


44(5/3)* 


Privilege Violation 


34(4/3) 


RESET** 


40(6/0) 


Trace 


34(4/3) 


TRAP Instruction 


38(4/4) 


TRAPV Instruction 


34(4/3) 


+ add effective address calculation time 
* The interrupt acknowledge cycle is assumed to take four clock 
periods. 


* * Indicates the time from when RESET and HALT are first sampled 
as negated to when instruction execution starts. 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V|N 


-0.3 to +7.0 


V 


Operating Temperature Range 


ta 


TLtoTH 
0to70 


oQ 


Storage Temperature 


TSTG 


-56 to 150 


°C 



THERMAL CHARACTERISTICS 



Characteristic 


Symbol 


Value 


Unit 


Thermal Resistance 
64-Pin Ceramic 
64-Pin Plastic Dip 


^JA 


30 
55 ±5 


°c/w 
*»c/w 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
it is advised that normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum-rated voltages to this 
high-impedance circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic voltage level (e.g., 
either Vss or Vcc- 

POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, In °C can be 
obtained from: 



Where: 

Ta = Ambient Temperature, °C 

^JA - Package Thermal Resistance, Junction-to- 
Ambient, °C/W 

pd = Pint + Pi/o 

Pint = 'go • Vcc. watts— Chip Internal Power 
P|/0 s Power Dissipation on Input and Output Pins- 
User Determined 



For most applications P|/o < P|NT and can be neglected. 

An approximate relationship between Pp and Tj (If P|/o is 
neglected) is: 




PD = K + (Tj + 273*'C) 



(2) 



Tj = Ta + (Pd • ^JA) 



(1) 



Solving equations 1 and 2 for K gives: 

K = Pd • (Ta + 273«'C) + ^JA -Pd^ (3) 

Where K is a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Pq (at equlHbrlum) 
for a known Ta- Using this value of K the values of Pd and Tj 
can be obtained by solving equations (1) and (2) iterativety for 
any value of Ta- 



DC ELECTRICAL CHARACTERISTICS 

Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = Tl to Th °C. See Figures 41, 42, and 43. 



Characteristic 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input High Voltage 


V|H 


2.0 


Vcc 


V 




Input Low Voltage 


V|L 


Vss - 0-3 


0.8 


V 




Input Leakage Current 
BERR, BGACK, BR, DTACK, CLK. IPL0-IPL2 
VPA, HALT, RESET 


l|N 


- 


2.5 
20 


^A 


V|N = 5.25 

Vcc = ov 


Three-State (Off State) Input Current 
AS, A1-A23, D0-D15, FC0-FC2, LDS, R/W. UDS, VMA 


ITSI 




20 


/^A 


V|N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage 
E* 
E, A§. A1-A23, BG, D0-D15, FC0-FC2, LDS, R/W. UDS, VMA 


VOH 


Vcc - 0-75 
2.4 


- 


V 
V 


Vcc = 4.75V 
IqH - -4OO/4A 


Output Low Voltage 
HALT 

BG, FC0-FC2, A1-A23 
RESET 
AS, 00^015, LDS, R/W UDS, VMA 


VOL 


— 


0.6 
0.5 
0.5 
0.5 


V 
V 
V 
V 


Vcc = 4-75V 
(lOL = 1-6mA) 
(Iql = 3.2 mA) 
(lot = 5.0 mA) 
(Iql = 5.3 mA) 


Power Dissipation 


Pd*** 


— 


1.5 


W 




Input Capacitance 


C|N 


— 


20.0 


PF 


Vcc = 5.0V, V|N = OV 
f = 1 MHz. Ta = 25*C 


*With external pullup resistor of 1.1 kI2 

**Capacitance is periodically sampled rather than 100% tested. 
***During normal operation instantaneous Vqc current requirements may be as high as 1.5A. 
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+ 5V 



TEST 
POINT 



MMD6150 
OR EQUIVALENT 

^4— 



CL-r 



Cl = 130 pF 
(INCLUDES ALL PARASITICS) 

R|, = 6.0 kfi FOR_ 

AS, A1-A23, BG. D0-D15, E 

FC0-FC2, LDS, R/W, UDSJ^MA 

R *= 1 .22 kQ FOR A1 -A23, BG, 
FC0-FC2 



»=740fi 



MMD7000 
OR EQUIVALENT 



Figure 41. RESET Test Load Figure 42. HALT Test Load 



Figure 43. Test Loads 



CLOCK TIMING (See Figure 44) 



Characterlstle 


Symbol 


4 MHz 


6 MHz 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


Min 


Max 


MIn 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Frequency of Operation 


F 


2.0 


4.0 


2.0 


6.0 


2.0 


8.0 


2.0 


10.0 


4.0 


12.5 


MHz 


Cycle Time 


^cyc 


250 


500 


167 


500 


125 


500 


100 


500 


80 


250 


ns 


Clock Pulse Width 


tCL 
tCH 


115 
115 


250 
250 


75 
75 


250 
250 


55 
55 


250 
250 


45 
45 


250 
250 


35 
35 


125 
125 


ns 


Rise and Fall Times 


tCr 
tcf 


— 


10 
10 


— 


10 
10 


— 


10 
10 


— 


10 
10 


— 


5 
5 


ns 




Figure 44. Input Clock Waveform 
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc; Ta = Tl to Th, see Figures 45 and 46) 


Num. 


Characteristic 


Symbol 


4 IMHz 


eiviHz 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


Min 


Max 


IVIin 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


1 


Clock Period 


tcvc 


250 


500 


167 


500 


125 


500 


100 


500 


80 


250 


ns 


2 


Clock Width Low 


tCL 


115 


250 


75 


250 


55 


250 


45 


250 


35 


125 


ns 


3 


Clock Width High 


tCH 


115 


250 


75 


250 


55 


250 


45 


250 


35 


125 


ns 


4 


Clock Fall Time 


tCf 




10 


— 


10 


— 


10 


— 


10 


— 


5 


ns 


5 


Clock Rise Time 


tCr 


- 


10 


- 


10 


- 


10 


- 


10 


- 


5 


ns 


6 


Clock Low to Address 


tCLAV 


- 


90 


- 


80 


- 


70 


- 


60 


- 


55 


ns 


6A 


Clock High to FC Valid 


tCHFCV 


- 


90 


- 


80 


_ 


70 


- 


60 


- 


55 


ns 


7 


Clock High to Address Data 
High Impedance (Maximum) 


tCHAZx 


— 


120 




100 


— 


80 


— 


70 


— 


60 


ns 


8 


Clock High to Address/FC 
Invalid (Minimum) 


tCHAZn 





— 





— 





— 





— 





— 


ns 


91 


Clock High to AS, DS Low 
(Maximum) 


tCHSLx 


— 


80 


— 


70 


— 


60 


— 


55 


— 


55 


ns 


10 


Clock High to AS, DS Low 
(Minimum) 


tCHSLn 





— 





— 





— 





— 





— 


ns 


112 


Address to AS, DS (Read) 
Low/AS Write 


tAVSL 


55 


— 


35 


— 


30 


— 


20 


— 





— 


ns 


11A2 


FC Valid to AS, DS (Read) 
Low/AS Write 


tFCVSL 


80 


— 


70 


— 


60 


— 


50 


— 


40 


— 


ns 


121 


Clock Low to AS, DS High 


tCLSH 


- 


90 


- 


80 


- 


70 


- 


55 


- 


50 


ns 


132 


AS, DS High to Address/FC 
Invalid 


tSHAZ 


60 


— 


40 


— 


30 


— 


20 


— 


10 


— 


ns 


142 


AS, DS Width Low (Read)/AS 
Write 


tSL 


535 


- 


337 


- 


240 


- 


195 


- 


160 


- 


ns 


14A2 


DS Width Low (Write) 


tDWPW 


285 


— 


170 


— 


115 


— 


95 


— 


80 


-_ 


ns 


152 


M, DS Width High 


tSH 


285 


- 


180 


- 


150 


- 


105 


- 


65 


- 


ns 


16 


Clock High to AS, DS High 


tCHSZ 


- 


120 


- 


100 


- 


80 


- 


70 


- 


60 


ns 


172 


AS, DS High to R/W High 


tSHRH 


60 


— 


50 


— 


40 


_ 


20 


— 


10 


— 


ns 


181 


Clock High to R/W High 
(Maximum) 


tCHRHx 


— 


90 


— 


80 


— 


70 


— 


60 


— 


60 


ns 


19 


Clock High to R/W High 
(Minimum) 


tCHRHn 





— 










— 





— 





— 


ns 


201 


Clock High to R/W Low 


tCHRL 


— 


90 


— 


80 


— 


70 


— 


60 


- 


60 


ns 


20A6 


AS Low to R/W Valid 


tASRV 


- 


20 


- 


20 


- 


20 


- 


20 


- 


20 


ns 


212 


Address Valid to R/W Low 


tAVRL 


45 


- 


25 


- 


20 


- 





- 





- 


ns 


21 A2 


FC Valid to R/W Low 


tFCVRL 


80 


— 


70 


— 


60 


— 


50 


— 


30 


— 


ns 


222 


R/W Low to DS Low (Write) 


tRLSL 


200 


— 


140 


- 


80 


- 


50 


-_ 


30 


— 


ns 


23 


Clock Low to Data Out Valid 


tCLDO 


- 


90 


- 


80 


- 


70 


- 


55 


- 


55 


ns 


24 


Clock High to R/W, VMA 
High Impedance 


tCHRZ 


— 


120 


— 


100 


— 


80 


— 


70 


— 


60 


ns 


252 


DS High to Data Out Invalid 


tSHDO 


60 


- 


40 


- 


30 


- 


20 


- 


15 


- 


ns 


262 


Data Out Valid to DS Low 
(Write) 


tDOSL 


55 


— 


35 


— 


30 


— 


20 


— 


15 


— 


ns 


275 


Data In to Clock Low 
(Setup Time) 


tDICL 


30 


— 


25 


— 


15 


— 


10 


— 


10 


— 


ns 


27A 




tBELCL 


45 


— 


45 


— 


45 


— 


45 


— 


45 


— 


ns 


Late BERR Low to Clock Low 
(Setup Time) 


282 




tSHDAH 





490 





325 





245 





190 





150 


ns 


AS, DS High to DTACK High 



1-53 



R68000 



16-Bit MPU 



AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (CONTINUED) 



Num. 


Characteristic 


Symbol 


4IVIHZ 


6 iMHz 


8 MHz 


10 IVIHz 


12.5 MHz 


Unit 


MIn 


IMax 


IVIin 


Max 


Min 


Max 


iMin 


Max 


Min 


Max 


29 


DS High to Data Invalid 
(Hold Time) 


tSHDI 















- 





- 





- 


ns 


30 


AS. DS High to BERR High 


tSHBEH 















- 





- 





- 


ns 


312 


DTACK Low to Data In 
(Setup Time) 


tDALDI 


_ 


180 


— 


120 


' 


90 


— 


65 


— 


50 


ns 


32 


HALT and RESET Input 
Transition Time 


tRHr.f 





200 





200 





200 





200 





200 


ns 


33 


Clock High to BS Low 


tCHGL 


-. 


90 


- 


80 


- 


70 


- 


60 


- 


50 


ns 


34 


Clock High to IS High 


tCHGH 


— 


90 


_ 


80 


_ 


70 


— 


60 


— 


50 


ns 


35 


BR Low to BS Low 


tBRLGL 


1.5 


3.5 


1.5 


3.5 


1,5 


3.5 


1.5 


3.5 


1.5 


3.5 


Clk. Per. 


36 


BR High to BG High 


tBRHGH 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


Clk. Per. 


37 


BGACK Low to BG High 


tGALGH 


1.5 


3.0 


1.5 


3.0 


1.5 


3.0 


1.5 


3.0 


1.5 


3.0 


Clk. Per. 


37A 




^BGKBR 


30 


— 


25 


~ 


20 


— 


20 


— 


20 


— 


ns 


BGACK Low to BR High 
(to Prevent Rearbitration) 


38 


BG Low to Bus High 
Impedance (with AS High) 


tGLZ 


— 


120 


— 


100 


— 


80 


— 


70 


— 


60 


ns 


39 


BG Width High 


tGH 


1.5 


— 


1.5 


. — 


1.5 


— 


1.5 


.— 


1.5 


— 


Clk. Per. 


40 


Clock Low to VMA Low 


tCLVML 


— 


90 


— 


80 


— 


70 


— 


70 


— 


70 


ns 


41 


Clock Low to E Transition 


tCLC 


— 


100 


_ 


85 


— 


70 


- 


55 


- 


45 


ns 


42 


E Output Rise and Fall Time 


^Er,f 


— 


25 


— 


25 


— 


25 


— 


25 


— 


25 


ns 


43 


VMA Low to E High 


tVMLEH 


325 


- 


240 


- 


200 


- 


150 


- 


90 


- 


ns 


44 


AS, DS High to VPA High 


tSHVPH 





240 





160 





120 





90 





70 


ns 


45 


E Low to Address/VMA/FC 
Invalid 


tELAI 


55 


— 


35 


— 


30 


— 


10 


— 


10 


— 


ns 


46 




tBGL 


1.5 


- 


1.5 


- 


1.5 


- 


1.5 


- 


1.5 


- 


Clk. Per. 


BGACK Width 


475 


Asynchronous Input 
Setup Time 


tASI 


30 


— 


25 


— 


20 


— 


20 


— 


20 


— 


ns 


483 


BERR Low to DTACK Low 


tBELDAL 


30 


— 


25 


- 


20 


- 


20 


- 


20 


- 


ns 


49 


E Low to AS, DS Invalid 


tELSI . 


-80 


— 


-80 


— 


-80 


— 


-80 


— 


-80 


— 


ns 


50 


E Width High 


tEH 


900 


— 


600 


— 


450 


- 


350 


- 


280 


- 


ns 


51 


E Width Low 


tEL 


1400 


- 


900 


- 


700 


- 


550 


- 


440 


- 


ns 


52 


E Extended Rise Time 


tCIEHX 


- 


80 


- 


80 


- 


80 


- 


80 


- 


80 


ns 


53 


Data Hold from Clock High 


tCHDO 





_ 





— 





— 





— 





— 


ns 


54 


Data Hold from E Low (Write) 


tELDOZ 


60 


— 


40 


— 


30 


— 


20 


— 


15 


— 


ns 


55 


R/W to Data Bus Impedance 
Change 


tRLDO 


55 


- 


35 


— 


30 


— 


20 


— 


10 


— 


ns 


564 




tHRPW 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


Clk. Per. 


HALT/RESET Pulse Width 


Notes: 

1. For a loading capacitance of less tha 

2. Actual value depends on clock perio( 

3. If #47 is satisfied for both DTACK an 


n or equal to 50 picofarads, subtract 5 nanoseconds from the value given in these columns, 
d BERR, #48 may be nanoseconds. 


4. For power up, the MPU must be held 
to the minimum pulse width required 


in RESET s 
to reset the 
equirements 
N setup time 
d(±20%), s 


tate for 100 ms 
system. 


to stabili 


ze all on-chip circuitry. After the system is powered up, #56 refers 


5. Ifth 
mu> 

6. Wh 


e asynchronous setup time (#47) r 
3t only satisfy the data-in clock-lo) 
en AS and R/W are equally loade 


are sati 
(#27) fc 
ubtract 


sfied the 
r the fo 
10 nano 


DTACK 
lowing c 
seconds 


low-to-c 
ycle. 
from th 


iata setu 
e value 


p time ( 
given in 


#31) req 
these c 


uiremen 
olumns. 


t can be 


ignored. 


The data 
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^0 SI S2 S3 S4 S5 S6 S7 



A1-A23 



LDS/UDS 



FC0-FC2 



ASYNCHRONOUS 
INPUTS 
(NOTE 1) 

HALT/RESET 




BERR/BR 
(NOTE 2) 



DTACK 



DATA IN 



NOTES: 

1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BGACK, iPL0-IPL2, AND VPA GUARANTEES THEIR RECOGNITION AT THE 
NEXT FALLING EDGE OF THE CLOCK. 

2. BR NEEDS FALL AT THIS TIME ONLY IN ORDER TO INSURE BEING RECOGNIZED AT THE END OF THIS BUS CYCLE. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 45. Read Cycle Timing 
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so S1 S2 S3 S4 35 86 S7 SO 



CLK 



A1-A23 



AS 



LDS/UDS 



J' 



R/W 



DATA OUT 



FC0-FC2 



ASYNCHRONOUS 
INPUTS 



^ 



:^z 



-® 



13) 



-© 



-© 



r 



^^. 



-@ 



JL, 



< >- 



X 



s- 



-@ 



X 



© 



®- 



^.^^ 



@ 



\ 



f22) »> 



(23) 



-@-^ 



c 



:>: 



HALT/RESET 






f< >■ 



BERR/BR 



V 



DTACK 



@ 



«-67) 



T^. 



-^ 



®- 



?=^ 



^^— — > 



® 



-® 



(16) 



-@ 



> 






^J^ fy^. ^ 



7^ 



NOTES: _ 

1. BECAUSE OF LOADING VARIATIONS, R/W MAY BE VALID AFTER AS EVEN THOUGH BOTH ARE INITIATED BY THE RISING 
EDGE OF S2 (SPECIFICATION 20A). 

2. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 46. Write Cycle Timing 
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AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = O'' to 70°C. See Figure 47.) 


Num. 


Characteristic 


Symbol 


4 IVIHz 


6 MHz 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


33 


Clock High to BG Low 


tCHGL 




90 


_ 


80 


_ 


70 


_ 


60 


— 


50 


ns 


34 


Clock High to BG High 


tCHGH 


_ 


90 


_ 


80 


— 


70 


— 


60 


— 


50 


nS 


35 


BR Low to BG Low 


tBRLGL 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


Clk. Per. 


36 


BR High to BG High 


tBRHGH 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


1.5 


3.5 


Clk. Per. 


37 




tGALGH 


1.5 


3.0 


1.5 


3.0 


1.5 


3.0 


1.5 


3.0 


1.5 


3.0 


Clk. Per. 


BGACK Low to BG High 


37A 


BGACK Low to BR High 
(to Prevent Rearbitration) 


tBGKBR 


30 




25 


— 


20 


— 


20 


— 


20 


— : 


ns 


38 


BG Low to Bus High 
Impedance (with AS High) 


tGLZ 


— 


120 


— 


100 


;•„ — 


80 


— 


70 


— 


60 


ns 


39 


BG Width High 


tGH 


1.5 


— 


1.5 


— 


1.5 


— 


t.5 


— 


1.5 


— 


Clk. Per. 


46 




tBGL 


1.5 


- 


1.5 


- 


1.5 


- 


1.5 


- 


1.5 


- 


Clk. Per. 


BGACK Width 



THESE WAVEFORMS SHOULD ONLY BE REFERENCED IN REGARD TO THE EDGE-TO-EDGE MEASUREMENT OF THE TIMING 
SPECIFICATIONS. THEY ARE NOT INTENDED AS A FUNCTIONAL DESCRIPTION OF THE INPUT AND OUTPUT SIGNALS. 
REFER TO OTHER FUNCTIONAL DESCRIPTIONS AND THEIR RELATED DIAGRAMS FOR DEVICE OPERATION. 



STROBE^ 
ANDR/W 



BR 



f 



BGACK 



N^ 



-@- 



-@- 



®- 



% 



zr 



®- 



\. 



BG 



CLK 



NOTES: 

1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BERR, BGACK, BR, DTACK, IPL0-iPL2, AND VPA GUARANTEES THEIR 
RECOGNITION AT THE NEXT FALLING EDGE OF THE CLOCK. 

2. WAVEFORM MEASUREMENTS FOR ALL INPUTS AND OUTPUTS ARE SPECIFIED AT: LOGIC HIGH = 2.0 VOLTS, 
LOGIC LOW = 0.8 VOLTS 



Figure 47. AC ELECTRICAL Waveforms — Bus Arbitration 
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R68465 

DOUBLE-DENSITY FLOPPY DISK 

CONTROLLER (DDFDC) 



PRELIMINARY 



DESCRIPTION 

The R68465 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 68000/68008 
microprocessor-based system. The DDFDC sinpiplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory- 
mapped registers containing commands, status and data simplify 
the software interface. Built-in functions reduce the software 
overhead needed to control the FDD Interface. The DDFDC sup- 
ports both the I^M 3740 Single-Density (FM) and IBM System 
34 Double-Density (MFM) formats. 

The DDFDC interfaces directly to the 68000/68008 asynchronous 
microprocessor bus and operates with 8-bit byte length data 
transferred on the bus. The DDFDC will operate in either DMA 
or non-DMA mode. In DMA mode, the MRU need only load the 
command into the DDFDC and ail data transfers occur under 
DMA control. The DDFDC is directly compatible with the 
MC68440 Dual Direct Memory Access Controller (DDMAC). In 
non-DMA mode, the DDFDC generates an interrupt to the MRU 
indicating that a byte of data is available. 

Controller commands, command or device status, and data are 
transferred between the DDFDC and the MRU via six internal 
registers. The Main Status Register (MSR) stores the DDFbC 
status information while four additional status registers provide 
result information to the MRU following each controller com- 
mand. The Data Register (DR) stores actual disk data, param- 
eters, controller commands and FDD status information for use 
by the MRU. 

The R68465 executes 15 separate multi-byte commands: 



Read Data 

Write Data 

Read Deleted Data 

Write Deleted Data 

Read a Track 

Read ID 

Seek 

Recalibrate (Restore to Track 0) 



Specify 

Format a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Sense Interrupt Status 

Sense Drive Status 



FEATURES 

• Address mark detection circuitry 

• Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

• IBM compatible in both single- and double-density recording 
formats 

• Programmable data record lengths: 128, 256, 512, 1024, 
2048, 4096 or 8192 bytes/sector 

• Multi-sector and multi-track transfer capability 

• Controls up to four floppy disk drives 

• Data scan capability— will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 

• Data transfers in DMA or non-DMA mode 

• Rarallel seek operations on up to four drives 

• Directly compatible with 68000 16-bit and 68008 8-bit asyn- 
chronous microprocessor bus 

• Single phase 8 MHz Clock 

• Single +5 Volt Rower Supply 



ORDERING INFORMATION 



Part Number 

R68465_ 



I 



CLK Frequency Temperature Range 

8 MHz 0<»C to zee 



Rackage: C - Ceramic 
P s Plastic 



Document No. 68650N08 
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Figure 1 . DDFDC Input and Output Signals 



PIN DESCRIPTION 

Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. For 
example, R/W indicates read is active^igh and a write is active 
low. 



BUS INTERFACE 



RS— Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When 
RS - high, the Data Register is selected and the state of R/W 
determines whether it is a read (R/W ^^ high) or a write 
(R/W = low) operation, when RS = low, the Status Register is 
selected. This register may only be read (R/W = high); the state 
RW = low is invalid when the Status Register is selected. 

IRQ— Interrupt Request. This active low outpu t is t he interrupt 
request generated by theDDFDC to the MPU. IRQ is asserted 
upon completion of some DDFDC commands and before a data 
byte is transferred between the DDFDC and the data bus (in the 
Non-DMA mode). 



D0-D7— Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 

CLK— CLOCK. The clock is a TTL compatible 8 MHz square 
wave signal. 



RESET— RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drives 
to the low state. 

CS— Chip Select. The DDFDC is selected when the CS input 
is low. 



R/W— Read/Write. This input defines the data bus transfer as a 
read or write cycle. When high (read), the data transfer is from 
the DDFDC to the data bus. When low (write), the data transfer 
is from the data bus to the DDFDC. 



DTACK— Data Transfer Acknowledge. This signal is the asyn- 
chronous handshake line for information transfer on the 68000 
system bus. It is generated by the DDFDC as an acknowledge 
to the CS signal in an asynchronous transfer. A low output 
indicates that valid data is on the bus (read cycle) or that data 
has been written (write cycle). Except when being asserted, this 
signal is normally in the high impedance state. 
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The output characteristics of DTACK are the same as other 
system interface signals with allowances for an external pull- 
up resistor such that the output is driven to the high level first 
and then to the high impedance state. 

DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 



DACK— DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC ) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 

REQ— Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under contr ol of th e DMAC (in the DMA mode). 
The request is active when REQ = low. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 



DONE— DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer for a ch annel i s complete. 
The signal is active low concurrent with the DACK input when 
the DMA operation is complete as a result of that transfer. 

FDD SERIAL DATA INTERFACE 

RDD— Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 

RDW— Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used to sample data from 
the FDD. 

VCD— Variable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 

WCK— Write Clocl(. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode 
(MFM = low) and 1 MHz in the MFM mode (MFM = high). The 
pulse width is 250 ns (typical) in both modes. 

WDA— Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 

WE— Write Enable. This output signal enables the Write Data 
into the FDD when high. 

PS0-PS1— Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 



Write Precompensation Status 


Preshift Outputs 


PSO 


PS1 


Normal 
Late 
Early 
Invalid 





1 
1 




1 



1 


= Low, 1 = High 



FDD STATUS INTERFACE 

RDY— Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 

IDX— Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 

RW/SEEK~Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 



RW/SEEK 


Mode 


Active FDD Interface Signals 


Low 


Read/Write 


WP, FLTLCT, FR 


High 


Seek 


TS, TRKO, DIR. STP 



WP/TS— Write Protect/TWo Side. An active high multiplexed 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 
high indicates the media is two-sided. 

FLT/TRKO— Fauit/TVack Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
over track zero. 
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R68465 Pin Diagram 
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LCT/DIR— Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the 
read/write head is to be positioned over the inner tracks and the 
LCT/DIR is high when the head is to be positioned over the outer 
tracks. In the Seek mode, LCT/DIR controls the head direction. 
When LCT/DIR is high, the head steps to the outside of the disk; 
when LCT/DIR Is low, the head steps to the inside of the disk. 

FR/STP— Fault Reset/Step. A multiplexed output to the FDD. 
In the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 

HDL— Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with 
the media). A low level indicates the head should be unloaded. 

HD— Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and 
Head Zero is selected when HD = low. 



US0-US1— Unit Select. Output signals for floppy disk drive 
selection as follows: 



Unit Select 


Floppy Disk 
Drive Select 


USO 


US1 





1 
1 



1 



1 



1 
2 
3 


= Low, 1 = High 




MFM— MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM = high and 
the FM mode when MFM s low. 

VCC— Power. +5Vdc. 

GND— Ground (V^)- 
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Figure 2. DDFDC Block Diagram 
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DDFDC REGISTERS 

The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and 
four Result Status Registers. The 8-bit Main Status Register 
(MSR) contains the status information of the DDFDC, and may 
be accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 

The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1 , ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 

The relationship between the status/data registers and the R/W 
and RS signals is shown below. 



RS 


R/W 


Function 





1 
1 





1 




Read Main Status Register 

Illegal 

Read from Data Register 

Write into Data Register 


= Low, 1 = High 



Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register definition that 
follows Table 2. 



REGISTER DEFINITIONS 



The DIG and ROM timing chart is shown in Figure 3. 

MSR 
7 RQM —Request for Master. 

Data Register is not ready. 

1 Data Register is ready. 

MSR 

6 DIO —Data Input/Output. 

Data transfer is from system to the Data Register. 

1 Data transfer is from Data Register to the system. 

MSR 
5 EXM —Execution Mode. (Non-DMA mode only). 

Execution phase ended, result phase begun. 

1 Execution phase started. 

MSR 

4 CB —Controller (DDFDC) Busy. 

DDFDC is not busy, will accept a command. 

1 DDFDC is busy, will not accept a command. 

MSR 
3 D3B —Floppy Disk Drive (FDD) 3 Busy. 

FDD 3 is not busy, DDFDC will accept read or write 
command. 

1 FDD 3 is busy^ DDFDC will not accept read or write 
command. 

MSR 

2 D2B —FDD 2 Busy. 

FDD 2 is not busy, DDFDC will accept read or write 
command. 

1 FDD 2 is busy, DDFDC will not accept read or write 
command. 

MSR 
1 D1B —FDD 1 Busy. 

FDD 1 is not busy, DDFDC will accept read or write 
command. 

1 FDD 1 is busy, DDFDC will not accept read or write 
command. 



Main Status Register (MSR) 



7 


6 


5 


4 


3 


2 


1 





RQM 


DIO 


EXM 


CB 


D3B 


D2B 


D1B 


DOB 



The Main Status Register (MSR) contains the status informa- 
tion of the DDFDC, and must be read by the processor before 
each byte is written to, or read from, the Data Register during 
the command or result phase. MSR reads are not required dur- 
ing the execution phase. The Data Input/Output (DIG) and 
Request for Master (RQM) bits in the MSR Indicate when data 
is ready and in which direction data will be transferred on the 
data bus. The maximum time between the last RA/V during 
command or result phases and the DIO and RQM getting set 
or reset is 12 /ts. For this reason, every time the MSR is read 
the processor should wait 12 /ts. The maximum time from the 
end of the last read in the result phase to when bit 4 (DDFDC 
Busy) goes low is also 12 /«s. 



MSR 
DOB —FDD Busy. 

FDD is not busy, DDFDC will accept read or write 
command. 

1 FDD is busy, DDFDC will not accept read or write 
command. 

Status Register (STO) 



7 


6 


5 


4 


3 


2 


1 





IP 


SE 


EC 


NR 


HD 


US 






US1 


USO 



The Status Register (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 
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Main Status Register (MSR) 

Status Register (STO) 

Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 



Table 1 . DDFDC Status Register Bit Assignments 








Bit Number | 


7 


6 


5 


4 


3 


2 


1 





RQIVI 


DIO 


EXM 


CB 


D3B 


D2B 


D1B 


DOB 


IC 


SE 


EC 


NR 


HD 


US 1 


US1 


USO 


EN 





DE 


OR 





ND 


NW 


MA 





CM 


DD 


WT 


SH 


SN 


BT 


MD 


FLT 


WP 


RDY 


TRKO 


TS 


HD 


US1 


USO 



Table 2. Command Symbol Description 



Symbol 


Name 


Description 


D 


Data 


The data pattern which is going to be written into a sector. 


D0-D7 


Data Bus 


8-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 


DTL 


Data Lengtii 


When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


EOT 


End of Track 


The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 


GPL 


Gap Length 


The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gap 3. 


H 


Head Address 


Head number or 1, as specified in ID field. 


HD(H) 


Head 


A selected head number or 1 which controls the polarity of pin 27. (H = HD in all command words). 


HLT 


Head Load Time 


The head load time In the FDD (2 to 254 ms in 2 ms increments). 


HUT 


Head Unload Time 


The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 


MF 


FM or MFM Mode 


When MF = 0, FM mode is selected; and when MF = 1. MFM mode is selected. 


MT 


Multi-Track 


When MT - 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. 


N 


Bytes/Sector 


The number of data bytes written in a sector. 


ND 


Non-DMA Mode 


When ND « 1, operation is in the Non-DMA mode; when ND - 0, operation is in the DMA mode. 


NTN 


New Track Number 


A new track number, which will be reached as a result of the Seek command. Desired head position. 


PTN 


Present Track Number 


The track number at the completion of Sense Interrupt Status command. Present head position. 


R 


Record (Sector) 


The sector number to be read or written. 


RS 


Register Select 


Controls selection of Main Status Register (RS = low) or Data Register (RS » high). 


R/W 


Read/Write 


Either read (R) or write (W) signal 


ST 


Sectors/Track 


The number of sectors per track. 


SK 


Skip 


Skip Deleted Data Address Mark. 


SRT 


Step Rate Time 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(F = 1 ms, E = 2 ms, etc.) 


STO 
ST1 
ST2 
ST3 


Status 
Status 1 
Status 2 
Status 3 


Four registers which store the status information after a command has been executed. This information 
is available during the result phase after command execution. These registers should not be confused 
with the Main Status Register (selected by RS = low). ST0-ST3 may be read only after a command has 
been executed and contain information relevant to that particular command. 


STP 


Sector Test Process 


During a Scan command, If STP = 01, the data In contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP » 02, then alternate sectors are read and 
compared. 


T 


Track Number 


The current/selected track number of the medium (0-255). 


USO.USI 


Unit Select 


A selected drive number (0-3). 
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STO 
7 6 





1 



IC —Interrupt Code. 

Normal Termination (NT). Command was properly exe- 
cuted and completed. 

Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 
Invalid Command (IC). Received command was invalid. 
Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 



STO 
5 SE —Seek End. 

Seek command is not completed. 

1 Seek command completed by DDFDC. 



STO 
4 


1 



STO 


1 



EC —Equipment Check. 

No error. 

Either a fault signal is received from the FDD or the 
track signal failed to occur after 256 step pulses 
(Recalibrate Command). 



NR —Not Ready. 

FDD is ready. 

FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 



STO 
2 HD —Head Address. (At Interrupt). 

Head Select 0. 

1 Head Select 1 . 



STO 




1 


U S —Unit Select. (At Interrupt) 





FDD selected. 


1 


FDD 1 selected. 


1 


FDD 2 selected. 


1 1 


FDD 3 selected. 



ST1 
4 OR —Over Run. 

No error. 

1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 



ST1 
3 



—Not Used. Always Zero. 



ST1 

2 NO —No Data. 

No error. 

1 3 possible errors. 

1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data 
or Scan commands. 

2. DDFDC cannot read ID field without an error during 
Read ID command. 

3. DDFDC cannot find starting sector during execution 
of Read a Track command. 



ST1 

1 



1 



NW —Not Writable. 

No error. 

DDFDC detected a write protect signal from FDD dur- 
ing execution of Write Data, Write Deleted Data or 
Format a Track commands. 



ST1 

MA —Missing Address Mark. 

No error. 

1 2 possible errors. 

1 . DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 

2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field) of Status Register 2 is also 
set. 



Status Register 1 (ST1) 



7 


6 


5 


4 


3 


2 


1 







Status 


Register 2 (ST2) 










EN 





DE 


OR 





ND 


NW 


MA 




7 


6 


5 


4 


3 


2 


1 





e^-^M 





















CM 


DD 


WT 


SH 


SN 


BT 


MD 



7 EN —End of Track. 

No error. 

1 DDFDC attempted to access a sector beyond the last 
sector of a track. 



ST1 
6 



—Not Used. Always Zero. 



ST1 

5 DE —Data Error. 

No error. 

1 DDFDC detected a CRC error in ID field or the Data field. 



—Not Used. Always Zero. 



ST2 
7 

ST2 
6 CM ^Control Mark. 

No error. 

1 DDFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or the DDFDC encoun- 
tered a sector which contained a Data Address Mark dur- 
ing execution of a Read Deleted Data command. 



1-64 



R68465 



Double-Density Floppy Disk Controller (DDFDC) 



ST2 
5 DD —Data Error in Data Field. 

No error. 

1 DDFDC detected a CRC error in the Data field. 

ST2 
4 WT —Wrong Tracic. 

No error. 

1 Contents of T on the disk is different from that stored 
in IDR. Bit is related to ND (Bit 2) of Status Register 1 . 

ST2 
3 SH —Scan Equal Hit, 

No "equal" condition during a scan command. 

1 "Equal" condition satisfied during a scan command. 



ST2 
2 


1 



ST2 
1 



1 



SN —Scan Not Satisfied. 

No error. 

DDFDC cannot find a sector on the track which meets 

the scan command condition. 



BT —Bad Track. 

No error. 

Contents of T on the disk Is different from that stored 
in the IDR and T = FF. Bit Is related to ND (Bit 2) of 
Status Register 1 . 



ST2 
IMP —IMissing Address Mark in Data Field. 

No error. 

1 DDFDC cannot find a Data Address Mark or Deleted 
Data Address Mark during a data read from the disk. 



Status Register 3 ($T3) 



7 


6 


5 


4 


3 


2 


1 
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TRKO 


TS 


HD 


US1 
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Status Register 3 (ST3) holds the results of the Sense Drive 
Status command. 



ST3 
4 TRKO — Tracic 0. 

Track (TRKO) signal from the FDD is low. 

1 Track (TRKO) signal Is from the FDD is high. 

ST3 
3 TS —Two Side. 

Two Side (TS) signal from the FDD Is low. 

1 Two Side (TS) signal from the FDD is high. 

ST3 

2 HP —Head Select. 

Head Select (HD) signal to the FDD is low. 

1 Head Select (HD) signal to the FDD is high. 

ST3 

1 US1 —Unit Select 1. 

Unit Select 1 (US1) signal to the FDD Is low. 

1 Unit Select 1 (US1) signal to the FDD is high. 

ST3 

USO —Unit Select 0. 

Unit Select (USO) signal to the FDD is low. 

1 Unit Select (US1) signal to the FDD is high. 



COMMAND SEQUENCE 

The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the com- 
mand may be a multi-byte transfer of data back to the system. 
Because of this multi-byte transfer of information between the 
DDFDC and the system, each command consists of three 
phases: 

Command Phase— The DDFDC receives all infofmation 
required to perform a particular operation from the system. 

Execution Phase^The DDFDC performs the instructed 
operation. 

Result Phase — After completion of the operation, status and 
other housekeeping information are made available to the 
system. 




ST3 
7 FLT —Fault. 

Fault (FLT) signal from the FDD is low. 

1 Fault (FLT) signal from the FDD is high. 

ST3 
6 WP —Write Protect. 

Write Protect (WP) signal from the FDD is low. 

1 Write Protect (WP) signal from the FDD is high. 

ST3 

5 RDY —Ready. 

Ready (RDY) signal from the FDD is low. 

1 Ready (RDY) signal from the FDD Is high. 



The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence- That is, the command 
Code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DdFDC, the 
execution phase starts. Similarly, when the last byte of data is 
read out in the Result Phase, the command is ended and the 
DDFDC is ready to accept a new co mmand. A command can 
be terminated by asserting the DONE signal to the DDFDC. This 
ensures that the processor can always get the DDFDC's atten- 
tion even if the command in process hangs up in an abnormal 
manner. 
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COMMAND DESCRIPTION 

READ DATA 

A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID Address Marks and ID fields from the disk. 
When the current sector number (R) stored in the ID Register 
(IDR) matches the sector number read from the disk, the DDFDC 
transfers data from the disk Data field to the data bus. 

After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. 
This continuous read function is called a "Multi-Sector Read 
Operation." The Read Command terminates after reading the 
last data byte from sector R when R = EOT. STO bits 7 and 
6 are set to and 1 , respectively, and ST1 bit 7 (EN) is set to a 1 . 



The Re ad Data command can also be terminated by a low DONE 
signal. DONE should be issued at the same time that the DACK 
for the last byte of data is sent. Upon receipt of TC, the DDFDC 
stops outputting data to the data bus, but continues to read data 
from the current sector, checks CRC (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read 
Data command and sets bits 7 and 6 in STO to 0. The amount 
of data which can be handled with a single command to the 
DDFDC depends upon MT (Multi-Track), MF (MFM/FM), and N 
(Number of Bytes/Sector) values. Table 3 shows the transfer 
capacity. 

The multi-track function (MT) allows the DDFDC to read data 
from both sides of the disk. For a particular track, data is trans- 
ferred starting at sector 1 , side and completed at sector L, side 
1 (sector L = last sector on the side). This function pertains to 
only one track (the same track) on each side of the disk. 



When N = in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, 
performs the CRC check, and depending upon the manner of 
command termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM mode), DTL has no meaning 
and should be set to FF. 

At the completion of the Read Data command, the head Is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive 
to another. 

If the DDFDC detects the Index Hole twice In succession without 
finding the right sector (indicated in R), then the DDFDC sets 
the No Data (ND) flag in Status Register 1 (ST1) to a 1, sets 
Status Register (STO) bits 7 and 6 to and 1 , respectively, 
and terminates the Read Data command. 

After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1 , sets the Data Error in Data Field (DD) flag in ST2 to a 1 
if a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to and 1 , respectively, and terminates the command. 

If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is not set (SK = 0), then the DDFDC reads all the 
data in the sector, sets the Control Mark (CM) flag in ST2 to a 
1, and terminates the command. If SK = 1, the DDFDC skips 
the sector with the Deleted Data Address Mark and reads the 
next sector. The CRC bits in the deleted data field are not 
checked when SK = 1 . 



Table 3. DDFDC Transfer Capacity 



Multi-Track 
(MT) 


MFM/FM 
(MF) 


Bytes/Sector 
(N) 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 


Final Sector Read 
from Disk 









00 
01 


(128) (26) = 3,328 
(256) (26) = 6,656 


26 at Side 
or 26 at Side 1 






00 
01 


(128) (52) = 6,656 
(256) (52) = 13,312 


26 at Side 1 








01 
02 


(256) (15) = 3,840 
(512) (15) = 7,680 


16 at Side 
or 15 at Side 1 






01 
02 


(256) (30) = 7,680 
(512) (30) =15,360 


15 at Side 1 









02 
03 


(512) (8) = 4,096 
(1024) (8) = 8,192 


8 at Side 
or 8 at Side 1 






02 
03 


(512) (16) =8,192 
(1024) (16) = 16,384 


8 at Side 1 
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During disk data transfers from the DDFDC to tlie systenv, the 
DDFDC must be serviced by the system within 27^s in the FM 
mode, and within 13 fis in the MFM mode, othen/vise the DDFDC 
sets the Over Run (OR) flag in STI to a 1 , sets bits 7 and 6 in 
STO to and 1 , respectively, and terminates the command. 

If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 



Command Phase: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 








1 


1 





2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Lengtii (DTL) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes p^r Sector (N) 



WRITE DATA 

A command set of nine bytes places the DDFDC in the Write 
Data mode. After the Write Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID fields from the disk. When the four bytes (T, 
H, R, N) loaded during the command match the four bytes of 
the ID field from the disk, the DDFDC transfers data from the 
data bus to the disk Data field. 

After writing data into the current sector, the DDFDC increments 
the sectornumber (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and Q are set to and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 




The co mmand can also be terminated by a low on DONE. If 
DONE is sent to the DDFDC while writing into the current sec- 
tor, then the remainder of the Data field is filled with 00 (zeros). 
In this case, STO bits 7 and 6 are set to and the command 
is terminated. 

The DDFDC reads the ID field of each sector and checks the 
CRC bytes. If the DDFDC detects a read error (incorrect CRC) 
in one of the ID fields, it terminates the Write Data command, 
sets the DE flag in ST1 to at, and sets bits 7 and 6 in STO to 
and 1 , respectively. 

The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 

• Transfer Capacity 

• End Of Track (EN) flag 

• No Data (ND) flag 

• Head Unload Time (HUT) Interval 

• ID information when the processor terminates command 
(see Table 4) 

• Definition of Data Length (DTL) when N = and when N # 



Table 4. DDFDC Command Termination Values 



Command Phase ID 


Final Sector Transferred 
to/from Data Bus 


Result Phase ID 


Multi- 
Track 
(MT) 


Head 

Number 

(HD) 


Track 
Number 


Head 

Number 

(H) 


Sector 
Number 


No. of 

Data Bytes 

(N) 








Less than EOT 


NC 


NO 


R + 1 


NC 





Equal to EOT 


T + 1 


NO 


01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


T + 1 


NO 


01 


NC 


1 





Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


01 


NC 


1 


Less than EOT 


NC 


NC 


R +1 


NC 


1 


Equal to EOT 


T + 1 


LSB 


01 


NC 


Notes: 

1. NO (No Change): Tiie same value as the one at the beginning of command execution. 

2. LSB (Least Significant Bit): The least significant Ijit of H Is complemented. 
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In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 fis in the FM mode, and within 
13^s in the MFIVI mode. If the time interval between data 
transfers is longer than this, then the DDFDC terminates the 
Write Data command, sets the Over Run (OR) flag in ST1 to a 
1, and sets bits 7 and 6 In STO to and 1, respectively. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 











1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector(N) 



READ DELETED DATA 

The Read Deleted Data command is the same as the Read Data 
command except that If SK = when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1 , and then 
terminates the command. If SK = 1 , then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 





1 


1 








2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



WRITE DELETED DATA 

The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 








1 








1 


2 


X 


X 


X 


X 


X 


HD 


USI 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




R 


1 


status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



READ A TRACK 

The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 
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If the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID Information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 

If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1 , and sets bits 7 and 6 of STO to and 1 , respectively. 



Command Phase: 



Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 





MF 


SK 











i 





2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



READ ID 

The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to and ter- 
minates the command. 

If no proper ID Address Mark is found on the disk before the 
Index Hole is encountered for the second time then the Missing 
Address Mark (MA) flag in ST1 is set to a 1, and if no data Is 
found then the ND flag to a 1 is also set in ST1. Bits 7 and 6 
in STO are set to and 1 , respectively and the command is 
terminated. 

During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 



wvn 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 





MF 








1 





1 





2 


X 


X 


X 


X 


X 


HD 


US1 


uso 




Result Phase: 




R 


1 


status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



FORMAT A TRACK 

The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in 
either the double-density IBM System 34 format (MF - 1) or 
the single-density IBM 3740 format (MF = 0). The particular for- 
mat written is also controlled by the values of Number of 
Bytes/Sector (N), Sectors/Track (ST), Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 
command phase. The Data field is filled with the data pattern 
stored in D. 

The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the 
DDFDC asserts the DMA Request (DRQ) output four times per 
sector. In the Non-DMA mode (ND = 1), the DDFDC asserts 
Interrupt Request (IRQ) output four times per sector. 

The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 

The processor must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to 0. 

If the Fault (FLT) signal is high from the FDD at the end of a 
write operation, the DDFDC sets the Equipment Check (EC) flag 
in STO to a 1 , sets bits 7 and 6 of STO to and 1 , respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and 6 
of STO to be set to and 1, respectively. 

Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 
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Table 5. Standard Floppy Disk Sector Size Relationsiiip 



Disk 
Size 


MOue 


Sector Size 
Bytes/Sector 


No. of Data 

Bytes/Sector 

(N) 


No. of 

Sectors/Tracks 

(ST) 


Gap Length (GPL)^ 


Remarks 


Read/Write 
Commandi 


Format 
Command^ 


8" 


FM 


128 

256 

512 

1024 

2048 

4096 


00 
01 
02 
03 
04 
05 


1A 
OF 
08 
04 
02 
01 


07 
OE 
IB 
47 
C8 
C8 


IB 
2A 
3A 
8A 
FF- 
FF 


IBM Disk 1 
IBM Disk 2 


MFM3 


256 
512 
1024 
2048 
4096 
8192 


01 
02 
03 
04 
05 
06 


1A 
OF 
08 
04 
02 
01 


OE 
IB 
35 
99 
C8 
C8 


36 
54 
74 
FF 
FF 
FF 


IBM Disk 2D 
IBM Disk 2D 


51/4" 


FM 


128 
128 
256 
512 
1024 
2048 


00 
00 
01 
02 
03 
04 


12 
10 
08 
04 
02 
01 


07 
10 
18 
46 
C8 
C8 


09 
19 
30 
87 
FF 
FF 




MFM3 


256 

256 

512 

1024 

2048 

4096 


01 
01 
02 
03 
04 
05 


12 
10 
08 
04 
02 
01 


OA 
20 
2A 
80 
C8 
C8 


OC 
32 
50 
FO 
FF 
FF 


, 


Notes: 

1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 

2. Suggested values of GPL in Format a Track command. 

3. In MFM mode the DDFDC cannot perform a read/wrlte/format operation with 128 bytes/sector (N = 00). 

4. Values of ST and GPL are in hexadecimal. 



Command Phase: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 





MF 








1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1' 


uso 


3 


Number of Bytes per Sector (N) 


4 


Sectors per Track (ST) 


5 


Gap Length (GPL) 


6 


Data Pattern (D) 



Result Pliase: 



R 


1 


status Register (STO) 


2 


status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T)* 


5 


Head Number (H)* 


6 


Sector Number (R)* 


7 


Number of Data Bytes per Sector (N)* 


* The ID Information has no meaning in this command. 



SCAN COMMANDS 

The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of 
DpDD = Dbus. DpDD ^ Dbus. or DpDD ^ ^bus P = the data 
pattern in hexadecimal). A magnitude comparison is performed 
(FF = largest number, 00 = smallest number). The hex- 
adecimal byte of FF either from the bus or from FDD can be 
used as a mask byte because it always meets the condition of 
the compare. After a whole sector of data is compared, if the 
conditions are not met, the sector number is incremented 
(R + STP -* R), and the scan operation is continued. The scan 
operation continues until one of the following events occur: the 
conditions for scan are met (equal, low or equal, or high or equa l), 
the last sector on the track is reached (EOT), or DONE is 
received. 



^i 



If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag In ST2 to a 1 , and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as 
specified by R) and the last sector on the track (EOT), then the 
DDFDC sets the Scan Not Satisfied (SN ) flag in ST2 to a 1 , and 
terminates the command. The receipt of DONE from the proces- 
sor or DMA controller during the scan operation will cause the 
DDFDC to complete the comparison of the particular byte which 
is in process, and then to terminate the command. Table 6 shows 
the status of bits SH and SN under various conditions of scan. 
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Table 6. Scan Status Codes 



Command 


Status Register 2 


Comments 


Bit 2 = SN 


Bit 3 = SH 


Scan Equal 




1" ■ ■ 


1 



DpDD = Dbus 

DpDD * Dbus 


Scan Low or Equal 





1 „, 


1 




DpDD - Dbus 
DpDD < Dbus 
DpDD > Dbus 


Scan High or Equal 




1 


1 





DpDD = Dbus 
DpDD > Dbus 
DpDD < Dbus 



if SK = and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1 , the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 

When either the STP sectors are read (contiguous sectors = 01 , 
or alternate sectors - 02) or MT (Multi-Track) is set, tlie last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 26, 
and the scan command starts reading at sector 21 . Sectors 21 , 
23, and 25 are read, then the next sector (26) is skipped and 
the Index Hole is encountered before the EOT value of 26 can 
be read. This results in an abnormal termination of the command. 
If the EOT had been set at 25 or the scanning started at sector 
20, then the scan command would be completed in a normal 
manner. 

During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1 , data must be available 
from the data bus in less than 27 /is (FM mode) or 13 /ts (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to and 1 , respectively. 

The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 

SCAN EQUAL 

Cominand Phase: 



RAV 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 











1 


2 


X 


X 


X 


X 


x 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Numb6r (R) 


7 


Number of Data Bytes per Sector (N) 



SCAN LOW OR EQUAL 



Command Phase: 



RnN 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 


MT 


MF 


SK 


1 


1 








1 


2 


X 


X 


X 


X 


X 


HD' 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 



Command 


1 Phasi 


ii 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 


MT 


MF 


SK 


1 


1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



SEEK 

The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there Is a difference, performs the 
following operation: 

If PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the 
FDD to cause the read/write head to step 
in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low 
and issues step pulses to the FDD to 
cause the read/write head to step out. 

The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is Issued, NTN is compared against PTN. When 
NTN = PTN, then the Seek End (SE) flag in STO is set to a 1 , 
bits 7 and 6 in STO are set to , and the command is terminated. 
At this point DDFDC asserts IRQ. 

The FDD Busy flag (bit 0-3) In the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
toal. 

After command termination, all FDD Busy bits set are cleared 
by the Sense Interrupt Status command. 



During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 

No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 

If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag In STO to a 1 , sets STO 
bits 7 and 6 to and 1, respectively, and terminates the 
commancf. 

If the time to write the three bytes of the Seek command ex- 
ceeds 150 fis, the time between the first two step pulses may 
be shorter than the Step Rate Time (SRT) defined by the Specify 
command by as much as 1 ms. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


i 


1 





W 


1 














1 


1 


1 


1 


2 


X 


X 


X 


X 


X 





US1 


USO 


3 


New Track Number (NTN) 



Result Phase: None. 

RECALIBRATE 

This two-byte command retracts the FDD read/write head to the 
Track position. The DD'FDC clears the contents of the PTN 
counters, and checks the status of the Track signal from the 
FDD. As long as the Track signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO Is still low after 256 step pulses have been Issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags 
in STO to 1s, sets bits 7 and 6 of STO to and 1 , respectively, 
and terminates the command. 

The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described In the Seek com- 
mand, also applies to the Recalibrate command. 



Command 


1 Phase: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 

















1 


1 


1 


2 


X 


X 


X 


X 


X 





US1 


USO 



Result Phase: None. 
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SENSE INTERRUPT STATUS 

Interrupt request (IRQ) is asserted by the DDFDC when any of 
the following conditions occur: 

1 . Upon entering the result phase of: 

a. Read Data command 

b. Read a Track command 

c. Read ID command 

d. Read Deleted Data command 

e. Write Data command 

f. Format a Track command 

g. Write Deleted Data command 
h. Scan commands 

2. Ready (RDY) line from the FDD changes state 

3. Seek or Recalibrate command termination 

4. During execution phase In the Non-DMA mode 

IRQ caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit Is set to 0. 
Reasons 1 and 4 do not require the Sense Interrupt Status com- 
mand. The interrupt is cleared by reading or writing data to 
DDFDC. Interrupts caused by reasons 2 and 3 are identified with 
the aid of the Sense Interrupt Status command. This command 
resets IRQ and sets/resets bits 5,6, and 7 of STO to identify the 
cause of the interrupt. Table 7 definas the seek and interrupt 
codes. 

Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 

Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 














1 











Result Phase: 


R 


1 


Status Register (STO) 


2 


Present Track Number (PTN) 



SPECIFY 

The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is 
programmable from 16 to 240 ms in increments of 16 ms 
(1 = 16 ms, 2 = 32 ms, . . . F = 240 ms). 

The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 
16 ms in increments of 1 ms (F = 1 ms, E = 2 ms, D - 3 ms, . . 
= 16 ms). 

The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms,. . . 
7F = 254 ms). 

The time intervals are a direct function of the clock (CLK on 
pin 1 9). Times indicated above are for an 8 MHz clock. If the 
clock is reduced to 4 MHz (mini-floppy application) then all time 
intervals are increased by a factor of two. 

The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND - the DMA mode is selected. 

Command Phase: 




R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 




















1 


1 


2 


SRT 


HUT 


3 


HLT 


ND 



SRT — Step Rate Time 
HUT— Head Unload Time 
HLT — Head Load Time 
ND — Non-DMA mode 

Result Phase: None. 

SENSE DRIVE STATUS 

This two-byte command obtains and reports the status of the 
FDDs. Status Register 3 (ST3) is returned in the result phase 
and contains the drive status. 



Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 



Status Register (STO) Bits 




Interrupt Code (10) 


Seek End (SE) 


Cause 


7 


6 


5 


1 


1 





RDY line changed state, either polarity 








1 


Normal termination of Seek or Recalibrate command 





1 


1 


Abnormal termination of Seek or Recalibrate command 
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Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 

















1 








2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


Result Phase: 


R 


1 


Status Register 3 (ST3) 



INVALID COMMAND 

If an invalid command (i.e., a command not previously defined) 
is received by the DDFDG, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The DDFDC does not generate an Interrupt during this condi- 
tion. Bits 6 and 7 (DIG and RQM) in the MSR are both set to 
a 1 indicating to the processor that the DDFDC Is In the result 
phase and that STO must be read. A hex 80 In STO Indicates 
an invalid command was received. 

A Sense Interrupt Status command must be sent after a Seek 
or Recalibrate interrupt, othen^ise the DDFDC considers the next 
command to be an Invalid command. 

In some applications the user may wish to use this command 
as a No-Op command, to place the DDFDC in a standby or no 
operation state. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


Invalid Codes 


Result Phase: 


R 


' 


Status Register (STO) = 80 



PROCESSOR INTERFACE 

During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 ^s before reading the MSR. Bits 
6 and 7 In the MSR must be a and 1 , respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be Is prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution phase. 

During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 



Bytes must be read to successfully complete the Read Data com- 
mand. The DDFDC will not accept a new command until all 
seven bytes have been read. Other commands may require 
fewer bytes to be read during the result phase. 



INTERRUPT REQUEST MODE 

During the execution phase, the MSR need not be r ead. The 
receipt of each data byte from the FDD Is Indicated by I RQ lo w 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ Is 
asserted during the execution phase. When the DDFDC is in 
the DMA mode, IRQ is asserted at the result pliase. The IRQ 
signal is reset by a read (R/W high) or write (R/ W lo w) of data 
to the DDFDC. A further explanation of the IRQ signal is 
described In the Sense Interrupt Status command on page 16. 
If the system cannot handle Interrupts fast enough (within 13>s 
for MFM mode or 2774s for FM mode), it should poll bit 7 (RQM) 
in the MSR. In this case, RQM in the MSR functions as an Inter- 
rupt Request (IRQ). If the RQM bit Is not set, the Over Run (OR) 
flag in ST1 will be set to a 1 and bits 7 and 6 of STO will be set 
to a and 1 , respectively. 

DMA MODE 

When the DDFDC is In the DMA mode (ND = In the third com- 
mand byte of the Specify command), DRQ (DMA Request) Is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 

During a read command, the DDFDC asserts REQ as each byte 
of data is available to be rea d. The DMA controller responds 
to this request with both DACK low (DMA Acknowledge) and R/W 
high ( read). When DACK goes low the DMA Request Is reset 
(REQ high). After the execution phase^ has been completed 
DONE low or the EOT sector is read), IRQ is asserted to indicate 
the beginning of the result phas e. W hen the first byte of data 
is read during the result phase, IRQ is reset high. 

During a write command, the DDFDC asserts REQ as each byte 
of d ata is re quired. The DMA controller responds to this request 
with D ACK low (DMA Acknowledge) and R /W low (write). When 
DACK goes low the DMA Request is res et (REQ high). After the 
execution phase has been completed (DONE low or the EOT 
sector is written), IRQ Is asserted. This signals the beginning of 
the result phase. Whe n the first byte of data is read during the 
result phase, the IRQ is reset high. 



FDD POLLING 

After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and USI) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the 
DDFDC asserts IRQ. When Status Register (STO) Is read (after 
Sense Interrupt Status command is issued), Not Ready (NR = 1) 
will be indicated. The polling of the RDY line by the DDFDC 
occurs continuously between commands, thus notifying the proc- 
essor which drives are on- or off-line. Each drive Is polled every 
1.024 ms except during read/write commands. 
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DATA IN/OUT 
(DIG) 
(MSR BIT 6) 

REQUEST 
FOR MASTER 
(ROM) 
(MSR BIT 7) 

CHIP SELECT (CS) 
READ/WRITE (RAV) 

NOTES 

[a] data REGISTER READY TO BE WRITTEN 

[b] data REGISTER NOT READY TO BE WRIT 








TO DDFDC 


FROM DDFDC TO DATA BUS 


FROM DATA BUS 


[ 






READY 




















NOl 




1 1 












1 
1 


Kj 


READY 












1 

1 


1 

! 


U 1 

1 1 


u 


1 


1 1 
! 1 


! » ' 
' 1 1 
1 1 


j j 


1 


1 1 i 1 1 

1 


1 A B 1 A 


B A 


c 


D C 1 D B A 


INTO 1 C 1 
TEN INTO 1 D 1 


DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 




Figure 3. DDFDC and System Data Transfer Timing 
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WRITE DATA 

WRITE PROTECT 

TWO-SIDE 

FAULT 

TRACK 

FAULT RESET 

STEP 

LOW CURRENT 



^ WRITE ENABLE 
INDEX 



HEAD SELECT 
■► UNIT SELECT 
-^ UNIT SELECT 1 



1 Sign al not used irnnterface to 68008 MPU. 

2 UDS changed to DS when interfaced to 68008 MPU. 



Figure 4. R68465 DDFDC Interface to R68000 



R68465 



Double-Density Floppy Disk Controller (DDFDC) 





-i r^ 








^^ 




r 


CLK / 


N 


r 1 


• 


- 


_J 


M r^ r 


-»/?) 






kV 






Ki^ 



Figure 5. Clock Timing 
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Figure 6. DDFDC Read Cycle Timing 
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Figure 7. DDFDC Write Cycle Timing 



1-77 



R68465 



Double-Density Floppy Disk Controller (DDFDC) 




Figure 8. DMA Operation Timing 



WRITE CLOCK 
(WCK) 

WRITE ENABLE 
(WE) 




PRESHIFT OR 1 — y 



(PSO, PS1) 



;"V 



i:^zd__^l3*® 



Kg) 



WRITE DATA i— . .j^ - /-^ 

(WDA) ^ \ 7 \ / V. 



*<S) 



>zz 



M^ 



Figure 9. FDD Write Operation Timing 



READ DATA 7 ^ 

(ROD) 



A 



**H2) 



K£)~- 



READ DATA WINDOW ' 
(RDW) . 



3^: 



-*— ^2)-»- 



(30 



NOTE: 

EITHER POLARITY DATA WINDOW IS VALID 



Figure 10. FDD Read Operation Timing 
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uso, 



:,US1 3[ 



STABLE 



K 



K35 



SEEK 

(RW/SEEK) 



DIRECTION 
(LCT/DIR) 



STEP 
(FR/STP) 



If 






H37 



39)-* 



rt 



42 



X 



-36 



38 



/^ 



-@- 



Figure 1 1 . S^ek Operation Timing 



FAULT RESET 
(FR) 



x^-K 



'*@*" 




Figure 12. Fault Reset Timing 



Figure 1 3. Index Timing 



-* 




[ 


DONE ] 






Figure 14. Terminal Count Timing 



Figure 1 5. Reset Timing 



INPUT/OUT 
2.4V 



TEST POINT 



=^-^^ """""Y 2.0V 7 2.0V y^ 
0.45V— ^°»^ 0.8V A^ 



CLOCK 
3.0V- 



TEST POINT 



0.3V Ao.65V 0.65V A 



INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "V AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC "t" AND 0.3V FOR A 
A LOGIC 'O:' TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC "O:* TIMING MEASUREMENTS ARE MADE AT 2.4V FOR A 

A LOGIC "1" AND 0.8V FOR A LOGIC U" LOGIC "1" AND 0.65V FOR A LOGIC "O." 



Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, T^ = 0"»C to TO^C) 



Ref. 

Fig. 


No. 


Characteristic 


Symbol 


Alt. Sym. 


IMin. 


Typ. 


Max. 


Unit 


Test 
Conditions 


5 


1 


Clock Period 


tcY 


<ACY 


120 


125 


500 


ns 


CLK = 8 MHz 


2 


Clock High, Low Width 


tcA 


00 


40 


62.5 


— 


ns 


3 


Clock Rise Time 


tCLCH 


0r 


— 


— 


20 


ns 




4 


Clock Fall Time 


tCHOL 


0f 


— 


— 


20 


ns 


6 
and 

7 


5 


CS High to R/W High 


tSHRH 


tSR 


40 


— 


_ 


ns 


6 


Address Valid to CS Low 


WSL 


tRA 





— . 


— 


ns 


7 


CS High to Address Invalid 


tsHAX 


tAH 





— . 


— 


ns 


8 


CSHIgh 


tsHSL 


tsH 


150 


— ' . 


— 


ns 


9 


DTACK Low to Data Valid 


tOLDV 


tRD 


— 


— 


90 


ns 


Cl = 100 pF 


10 


CS High to Output High Z 


*SHDZ 


toF 


20 


— 


— 


ns 


11 


CS High to DTACK High 


tSHDH 


tDTK 


— 


_ 


120 


ns 




12 


Address Valid to R/W Low 


tAVRL 


^WS 


20 


— 


— 


ns 


13 


R/W Low to CS Low 


tRLSL 


twH 


80 


— 


— 


ns 


14 


CS Low Pulse Width 


tSLSH 


tSL 


250 


— 


— 


ns 


15 


Data Valid to CS High 


toVSH 


bsu 


150 


— 


_ 


ns 


16 


CS High to Data Invalid 


tsHDZ 


bnw 


5 


— 


— 


ns 


8 


17 


IRQ Delay from CS High 


t|LSH 


t,RQ 


— 


— 


500 


TtS 


CLK = 8 MHz 


18 


TXRQ Cycle Period 


tTQCY 


tTCY 


13 


— 


— 


ns 


19 


ACK Low to TXRQ Low 


Ukth 


Wk 


— 


— 


200 


tcY 


20 


DONE Low Width 


tNLNH 


toONE 


1 


— 


_>. 


ns 


9 


21 


WCK Cycle Time 


tKCY 


tcY 


— 


note 1 


— 


IJLS 




22 


WCK High Width 


kHKL 


to 


80 


250 


350 


ns 


23 


WCK Rise Time 


tKLKH 


tr 


-_ 


— 


20 


ns 


24 


WCK Fall Time 


tKHKL 


tf 


— 


— 


20 


ns 


25 


WCK High to PSO, PSi Valid (Delay) 


tKHPV 


tcp 


20 


— 


100 


ns 


26 


PSO. PSI Valid to WDA High (Delay) 


tpVDH 


tcD 


20 


— 


100 


ns 


27 


WDA High Width 


toHDL 


twDD 


twcH-50 


— 


— 


ns 


28 


WE High to WCK High or WE Low to WCK Low 


^EHKH 


twE 


20 


— 


100 


ns 


10 


30 


RDW Cycle Time 


twCY 


twCY 


_ 


note 2 


— 


fiS 


31 


RDW Valid to RDD High (Setup) 


twVRH 


twRD 


15 


— 


— 


ns 


32 


RDD Low to RDW Invalid (Hold) 


tRLWI 


tRDW 


16 


— 


— 


ns 


33 


RDD High Width 


tRHRL 


tRDD 


40 


— 


— 


ns 


11 


36 


USO, US1 Valid to SEEK High (Setup) 


tuVSH 


tus 


12 


— 


— 


/tS 


CLK = 8 MHz 

■ 


36 


SEEK Low to USO, US1 Invalid (Hold) 


tsLUI 


tsu 


15 


_ 


— 


IxS 


37 


SEEK High to DIR Valid (Setup) 


tSHDV 


tsD 


7 


— 


— 


fiS 


38 


DIR Invalid to SEEK Low (Hold) 


toXSL 


tos 


30 


— 


— 


/iS 


39 


DIR Valid to STP High (Setup) 


bvTH 


toST 


1 


_ 


— 


tiS 


40 


STP Low to DIR Invalid (Hold) 


^TLDX 


tsTD 


24 


— 


— 


fiS 


41 


STP Low to USO, US1 Invalid (Hold) 


tTLUX 


tsTU 


5 


_ 


— 


liS 


42 


STP High Width 


tjHTL 


tsTP 


6 


7 


— 


lis 


43 


STP Cycle Time 


tTCY 


tsc 


333 


— 


note 3 


lis 


12 


44 


FR High Width 


tpHFL 


tpR 


8 


— 


10 


lis 


13 


45 


IDX High Width 


t|HIL 


tlDX 


10 


— 


_ 


tcY 




14 


46 


DONE Low Width 


tlHTL 


tTC 


1 


— 


_ 


tcY 


15 


47 


RESET Low Width 


tRHRL 


tRST 


14 


_ 


— 


toY 


Not 


es: 




1. 


MFM 


IMini 


Standard 


2. For MFM = 0: Typ. = 2 fis 
For MFM = 1: Typ. = 1 /xs 

3. tsc = 33 ^s min. is for different drive units. In the case of the same unit, 
tsc can be ranged from 1 ms to 16 ms with 8 MHz clock period, and 

2 ms to 32 ms with 4 MHz clock, under software control. 





4/ts 


2mS 


1 


2,.S 


1 /fi 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


output Voltage 


VouT 


-0.3 to +7.0 


V 


Operating Temperature Range 


Ta 


to +70 » 


c 


Storage Temperature Range 


TSTG 


-55 to +150 


CO 



*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 




OPERATING CONDmONS 



Parameter 


Range 


Vcc Power Supply 


5.0V ±50/0 


Operating Temperature 


O^C to 70«'C 



DC CHARACTERISTICS 

(Vcc = 5-0 ^Alc ±5%, Vss = Vdc, Ta = 0°C to 70°C, unless otherwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input Low Voltage 
Logic 
CLK and WCK 


V,L 


-0.5 
-0.5 


0.8 
0.65 


V 




Input High Voltage 
Logic 
CLK and WCK 


V,H 


2.0 
2.4 


Vcc + 0.5 
Vcc + 0-5 


V 


Output Low Voltage 


Vol 




0.45 


V 


Vcc = 4.75V, loL = 2.0 mA 


Output High Voltage 


VOH 


2.4 


Vcc 


V 


Vcc - 4.75V, loH = -200 /lA 


Vcc Supply Current 


•cc 




150 


mA 


Vcc = 4.75V 


Input Load Current 
All Inputs 


l|L 




10 


/A 


V,N - Vcc 


-10 


>A 


V,N = OV 


High Level Output Leakage Current 


'loh 




10 


mA 


Vcc = OV to 5.25V. Vss = OV 
VouT = Vcc 


Low Level Output Leakage Current 


'lol 




-10 


AiA 


Vcc = OV to 5.25V, Vss = OV 
VouT = +0.45V 


Internal Power Dissipation 


Pint 


- 


1.0 


W 


T;, = 25«C 



CAPACITANCE 

(Ta = 25»C; fc = 1 MHz; Vcc = OV) 



Parameter 


Symbol 


Max Limit 


Unit 


Clock Input 


C|N{0) 


20 


PF 


Input 


C,N 


10 


PF 


Output 


Cqut 


20 


pF 


Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



L B 



"JyL 



1 1 1 1 1 



ftk 



i i i i i i i i i i/i 

SEATING PLANE J I I K 



40-PIN PLASTIC DIP 



r> /^ r^r^r^r^r^r,^r^^r^r^^r^^r^r^f-^r^r^rl^ 



^ ^ \^ ij ij \J ij f j KJ \J \J \J xj KJ KJ U O iJ \J i^ 



wmmmwmmF^ 



-^ 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


-0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC ! 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0" 


10° 


0° 


10° 


N 


0.51 


1.52 


0.020 


0.060 




DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0,140 


L 


15.24 BSC 


0.600 BSC 1 


M 


7** 


10° 


7° 


10° 


N 


0.51 


1.02 


0.020 


0.040 
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R68560, R68561 

MULTI-PROTOCOL COMMUNICATIONS 

CONTROLLER (MPCC) 




PRELIMINARY 



DESCRIPTION 



The R68560, R68561 Multi-Protocol Communications Controller 
(MPCC) interfaces a single serial communications channel to 
a 68008/68000 microcomputer-based system using either asyn- 
chronous or synchronous protocol. High speed bit rate, auto- 
matic formatting, low overhead programming, eight character 
buffering, two channel DMA interface and three separate inter- 
rupt vector numbers optimize MPCC performance to take full 
advantage of 4he 68008/68000 processing capabilities and 
asynchronous bus structure. 

In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
Isochronous (ISOC) modes are also supported, in addition, 
modem interface handshake signals are available for general 
use. 

Control, status and data are transferred between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
a DMA interface. Twofirst-ln first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more MPU 
processing time to service data received or to be transmitted 
and to maximize bus throughput, especially during DMA opera- 
tion. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC68450 DMA Controllers. Three 
prioritized interrupt vector numbers separately support receiver, 
transmitter and modem interface operation. 

An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 

The 48-pin R68561 supports word-length (16-bit) operation when 
connected to the 68000 1 6-bit asynchronous bus, as well as byte- 
length (8-bit) operation when connected to the 68008 8-bit bus. 
The 40-pin R68560 supports byte-length operation on the 68008 
bus. 



FEATURES 

Full duplex synchronous/asynchronous receiver and 
transmitter 

Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 
Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28, ISO IS1745, ECMA-16, 
etc. 

Supports synchronous bit-oriented protocols (BOP), such as 
SDLC, HDLC, X.25. etc. 
Asynchronous and isochronous modes 
Modem handshake interface 
High speed serial data rate (DC to 4 MHz) 
Internal oscillator and Baud Rate Generator (BRG) with pro- 
grammable data rate 

Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

Direct interface to 68008/68000 asynchronous bus 
Eight-character receiver and transmitter buffer registers 
22 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 
Three separate programmable interrupt vector numbers for 
receiver, transmitter and serial! nterf ace 
Maskable interrupt conditions for receiver, transmitter and 
serial interface 

Programmable microprocessor bus data transfer: polled, 
interrupt and two-channel DMA transfer compatible with 
MC68440/MC68450 

Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

Selectable full/half duplex, autoecho and local loop-back 
modes 

Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-1 6. CCITT V.41„ VRC/LRC) 



ORDERING INFORMATION 


Part Number Frequency Temperature Range 


R6856. 


_ _ 4 MHz O'C to TC^C 

L Package: = Ceramic 
P = Plastic 




. 


Number of pins: » 40 
1 * 48 



Document No. 68650N06 
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A1-A4 L 
lAgR — 



D0-D15* 

cs ~ 

DTACK-' 

WW - 

LDS/DS'- 

UDS/AO* - 

RESET - 



<: 



8 BYTE 
(4 WORD) 
TxHFO 



T^ 



<Z. 



n 



:> 



CONTROL 
CHARACTER 
DETECTION/ 
INSERTION 



<-> 



CRC/PARITY 
GENERATOR 



BOP 
ZERO 
INSERT 



H 



NRZi 

' ►-Hencode 



:fs: 



RxD 
(ECHO MODE) 



TO Rx LOGIC 
(TEST MODE) 



INTERNAL TyCQNTRQL BUS 



TxFIFO WRITE 



MICROPROCESSOR 

BUS 

INTERFACE, 



7> 



TDSR M 
RDSR -> 
DACK- 

5fc - 

DONE-. 



^ 



CONTROL 

REGISTERS 

AND 

STATUS 

REGISTERS 



E 



■ BtR 

■ ^ 

CTS 

• J2£P 

DSR 



RxFIFO READ 



TxFIFO WRITE 



DMA 
INTERFACE 



RxFIFO READ 



O 



Tx CLOCK 
SELECT 
(TCLKO) 



BAUD RATE GENERATOR 



•ENCOUNTER 
(BRDR1, BRDR2) 



PRESCALE 
(PREDIV) 



Rx CLOCK 
SELECT 
(RCLKIN) 



, ^16, H-32, ^64 
(CLKDIV) 



-^ BCLK 

EXTAL 

- XTAL 

RxC 



^ 



->^ 



f t-^.^ 



o 



FRAME 
STATUS 
LOGIC 



8-BYTE 
(4 WORD) 
RxFIFO 



31 



ii_ 



INTERNAL Rx CONTROL BUS 

TV 



PARITY 
CHECKER 






I 



CRC 
GENERATOR 



Rx SHIFT REG 



<^ 



^ 



^ 



'7^ 



:L2L 



31 



CONTROL 
CHARACTER 
DETECTION 



Rx SHIFT REG 



TV 



^^ 



E 



TxD 
(TEST MODE) 



NRZI 
DECODE 



To Tx LOGIC 
(ECHO MODE) 



NOTES: 

1. R68560ONLY. 

2. R68561 ONLY. 

3. UDS ON R68561 AO ON R68560 

4. LDS ON R68561 OS ON R68560 



Figure 1. MPCC Block Diagram 
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PIN DESCRIPTION 

Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. R/W 
indicates a write is active low and a read active high. 

Note: The R68561 interface is described for word mode opera- 
tion only and the R68560 interface is described for byte 
mode operation only. 

A1 ~ A4— Address Lines. A1 - A4 are active high inputs used 
in conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 

D0-D15— Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU, memory or other peripheral 
device. DO - D15 are used when connected to the 16-bit 68000 
bus and operating in the MPCC word mode. DO - D7 are used 
when connected to the 16-bit 68000 bus or the 8-bit 68008 bus 
and operatingm the MPCC byte mode. The data bus is three- 
stated when CS is inactive. (See exceptions in DMA mode.) 

CS~Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
Input is inactive in non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (AS). 

R/W— Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 



DTACK— Data Transfer Aclcnowiedge. DTACK is an active 
low output that signals the completion of the bu s cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by 
the MPCC after data has been provided on the data bus; during 



write cycl es it is a sserted after data has been accepted at the 
data bus. DTACK is driven high after assertion p rior to b eing 
tri-stated. A holding resistor is required to maintain DTACK high 
between bus cycles. 

PS— Data Strobe (R68560). During a write (R/W low), the 
DS positive transition latches data on data bus lines DO - D7 
into the MPCC. During a read (R/W high), DS low enables data 
from the MPCC to data bus lines DO - 07. 

LDS— Lower Data Strobe (R68561). During a write (R/W low), 
the positive transitio n latc hes data on the data bus lines DO - D7 
(and on D8 -D15 if UDS is low) into the MPCC. During a read 
(R/W high), LDS lo w ena bles data from the MPCC to DO- D7 
(and to D8-D15 if UDS is low). 

AO— Address Line AG (R68560). When interfacing to an 8-bit 
data bus system such as the 68008, address line AO is used 
to access an internal register. AO = defines an even register 
and AO = 1 defines an odd register. See Table 1 b. 

UDS—Upper Data Strobe (R68561). When interfacing to a 
16-bit data bus system such as the 68000, a low on control bus 
signal UD S ena bles access to the upper data byte on D8 - D15. 
A high on UDS disables acce ss to D8 - D15. Data is latched and 
enabled in conjunction with LDS. 

IRQ— interrupt Request. Th e act ive low IRQ output requests 
interrupt service by the MPU. IRQ is driven high after assertion 
prior to being tri-stated. 

lACK—lnterrupt Aolcnowledge. The active low lACK input 
indicates that the c urrent bus cycle is an interrupt acknowledge 
cycle. When lACK is asserted the MPCC places an interrupt 
vector on the lower byte (D0-D7) of the data bus. 




TDSR— Transmitter Data Servi ce Req uest. When Trans- 
mitter DMA mode is active, the low TDSR output requests DMA 
service. 



DATA 

BUS 

ADDRESS 

BUS 



ASYNCHROMOUS 

BUS 

CONTROL 



DMA 
CONTROL 



INTERRUPT 
CONTROL 



>l. , 


D0-D15 


k. 


R68560/ 
R68561 
MPCC 




RTS 




V 


A1-A4 
UDS/AO 


--> 


^ 




CTS 




1 


DTR 






DSR 






LDS/DS 




^ 


DCD 


* 


CS 




TxD 






R/W 






^ DTACK 




TxC 


^ 




RESET 






RxD 


* 


> 


TDSR 








RDSR 




^ 


RxC 






DACK 




EXTAL 


^ DONE . 




XTAL 






DTC 


^ 


"* 


BCLK 






IRQ 




^ M 




lACK 








- »cc 








"^ 




"GND 



MODEM 
INTERFACE 



TRANSMITTER 
INTERFACE 



:} 



RECEIVER 
INTERFACE 



CLOCK 
INTERFACE 



Figure 2. IMPCC input and Output Signals 
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RDSR— Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 



DACK— DIMA Acl(nowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 

DIG— Data Transfer Complete. The D TC lo w input Indicates 
that a DMA data transfer is complete. DTC in response to a 
RDSR indic ates that the data has been s uccessfully stored 
in memory. DTC in response to a TDSR indicates tha t the 
data is present on the data bus ^r strobing into the MPCC. DTC 
is used in conjunction with R/W to increment the TxFIFO or 
RxFIFO pointer. 



DONE— Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or asserted by the MPCC when the status byte following the last 
c haracte r of a frame (block) is being transferred in response to 
a RD SR. Th e DONE signal asserted by the DMAC in response 
to a TDSR will be stored to track with the data byte (lower 
byte for word transfer) through the TxFIFO. 



RESET— Reset. RESET is an active low, high im pedance 
input that initializes all MPCC functions. RESET must be 
asserted for at least 500 ns to initialize the MPCC. 

DTR— Data Terminal Ready. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICR). 



RTS— Request to Send. The RTS active low output is general 
purpose in nature, and is controlled by the RTSLVL bit in the 
SICR. 

CTS— Clear to Send. The CTS active low input positive transi- 
tion and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 

DSR— Data Set Ready. The DSR active low input negative 
transition and level are re ported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 

DCD— Data Carrier Detect. The DCD active low input positive 
transition and level are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 

TxD— Transmitted Data. The MPCC transmits serial data on the 
TxD output. The TxD output changes on the negative going edge 
of TxC. 

RxD— Received Data. The MPCC receives serial data on the RxD 
input. The RxD input is shifted into the receiver with the negative 
going edge of RxC. 

TxC— Transmitter Clock. TxC can be programmed to be an input 
or an output. When TxC Is selected to be an input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock is generated by the MPCC's internal baud 
rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD output. 

RxC— Receiver Clock. RxC provides the MPCC receiver with 
received data timing information. 
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D12 d 
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EXTAL d 
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d RESET 
d CTS 


d RESET 


XTAL ml 


20 29 


=:]Vcc 


EXTAL d 


16 25 


d CTS 


D13 dj 


21 28 


ZH D14 


XTAL d 


17 24 
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d DONE 
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EXTAL— Crystal/External Clock Input. 

XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz 

external crystal to the MPCC internal oscillator. The pin EXTAL 

may also be used as a TTL level input to supply a DC to 8 MHz 

reference timing from an external clock source. XTAL must be 

tied to ground when applying an external clock to the EXTAL 

input. 

BCLK— Buffered Clock. BCLK is the internal oscillator buffered 
output available to other MPCC devices eliminating the need for 
additional crystals. 

Vcc— Power. 5V ±5%. 

GND— Ground. Ground (Vss)- 



MPCC REGISTERS 

Twenty-two registers control and monitor the MPCC operation. 
The registers and their addresses are identified in Table la 
(R68561 operation in word mode) and in Table 1b (R68560 
operation in byte mode). When the R68561 Is operated In the 
word mode, two registers are read or written at a time starting 
at an even boundary. When the R68560 is operated in the byte 
mode, each register is explicitly addressed based on AG. 

Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results in a read 
from a "null register." A null register returns all ones for data 
and results in a normal bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise noted. 




Table 1a. R68561 Accessible Registers (Word Mode) 



Register(s) 


R/W 


Addr 
(Hex.) 


Address Lines 
A4 A3 A2 A1 



15 



Receiver Control Register (RCR) 


Receiver Status Register (RSR) 


R/W 


00 





Receiver Data Register (RDR)— 16 bitsi 




R 


02 


1 


Receiver Interrupt Enable Register (RIER) 


Receiver Interrupt Vector Number Register (RIVNR) 


R/W 


04 


10 



Transmitter Control Register (TOR) 


Transmitter Status Register (TSR) 


R/W 


08 


10 


Transmitter Data Register (TDR)— 16 blts2 




W 


OA 


1 1 


Transmitter Interrupt Enable Register (TIER) 


Transmitter Interrupt Vector Number Register (TIVNR) 


R/W 


OC 


1 1 



Serial Interface Control Register (SICR) 


Serial Interface Status Register (SISR) 


R/W 


10 


1 


Reserved^ 


Reserveds 


R/W 


12 


1 1 


Serial Interrupt Enable Register (SIER) 


Serial Interrupt Vector Number Register (SIVNR) 


R/W 


14 


10 10 



Protocol Select Register 2 (PSR2) 


Protocol Select Register (PSR1) 


R/W 


18 


11 


Address Register 2 (AR2) 


Address Register 1 (AR1) 


R/W 


1A 


1 10 1 


Band Rate Divider Register 2 (BRDR2) 


Baud Rate Divider Register 1 (BRDR1) 


R/W 


1C 


1110 


Error Control Register (ECR) 


Clock Control Register (CCR) 


R/W 


IE 


1111 



Notes: 

1 . Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first word. 

2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first word. 

3. Reserved registers may contain random bit values. 
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Table 1b. R6a560 Accessible Registers (Byte Mode) 






Registers) 


R/W 


Addr 
(Hex.) 


A4 


Address Lines 
A3 A2 A1 


AG 



Receiver Status Register <RSR) 


R/W 


00 

















Receiver Control Register (RCR) 


R/W 


01 














1 


Receiver Data Register (RDR)— 8 bitsi 


R 


02 











1 





Reserved^ 




03 











1 


1 


Receiverlnterrupt Vector Number Register (RIVNR) 


R/W 


04 








1 








Receiver Interrupt Enable Register (RIER) 


R/W 


05 








1 





1 



Transmitter Status Register (TSR) 


R/W 


08 


10 


Transmitter Control Register (TCR) 


R/W 


09 


1 1 


Transmitter Data Register (TDR)2— 8 bits 


W 


OA 


1 10 


Reserved3 




OB 


10 1 1 


Transmitter Interrupt Vector Number Register (TIVNR) 


R/W 


OC 


1 1 


Transmitter Interrupt Enable Register (TIER) 


R/W 


OD 


110 1 



Serial Interface Status Register (SISR) 


R/W 


10 


1 


Serial Interface Control Register (SIGR) 


R/W 


11 


1 1 


Reserved^ 




12 


1 1 


Reserved^ 




13 


1 11 


Serial Interrupt Vector Number Register (SIVNR) 


HNSf 


14 


1 1 


Seriallnterrupt Enable Register (SIER) 


R/W 


15 


1 i d 1 1 




Protocol Select Register 1 (PSR1) 


R/W 


18 


1 1 


Protocol Select Register 2 (PSR2) 


R/W 


19 


110 1 


Address Register 1 (AR1) 


R/W 


1A 


1 t 1 


Address Register 2 (AR2) 


R/W 


IB 


110 11 


Band Rate Divider Register 1 (BRDR1) 


R/W 


ic 


11 1 


Baud Rate Divider Register 2 (BRDR2) 


R/W 


1D 


1 1 10 1 


Clock Control Register (CCR) 


R/W 


1E 


1 1 1 1 


Error Control Register (ECR) 


R/W 


IF 


1 1 1 1 1 



Notes: 

1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 

2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 

3. Reserved registers may contain random bit values. 
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Table 2. 


MPCC Register Bit Assignments 




R/W 
Access 


Bit Number 


ResetO) 
ViBiue 


7 


6 


5 


4 


3 


2 


1 





R/W 


RDA 


EOF 





C/PERR 


FRERR 


ROVRN 


RA/B 


RIDLE 


00 


R/W 





RDSREN 


DONEEN 


RSYNEN 


STRSYN 


2ADCMP 


RABTEN 


RRES 


01 


R 


RECEIVED DATA (RxFIF0)2 


— 


R/W 


RECEIVER INTERRUPT VECTOR NUMBER (RIVN) 


OF 


R/W 


RDA 
IE 


EOF 
IE 





C/PERR 
IE 


FRERR 
IE 


ROVRN 
IE 


RA/B 
IE 





00 



Receiver Status 
Register (RSR) 

Receiver Control 
Register (RCR) 

Receiver Data 
Register (RDR) 

Receiver Interrupt Vector 
Number Register (f^lVNR) 

Receiver Interrupt Enable 
Register (RIER) 




R/W 


TDRA 


TFC 











TUNRN 


TFERR 





80 


R/W 


TEN 


TDSREN 


TICS 


THW 


TLAST 


TSYN 


TABT 


TRES 


01 


W 


TRANSMITTED DATA (TxFIFO)2 





RA/V 


TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) 


OF 


R/W 


TDRA 
IE 


TFC 
IE 











TUNRN 
IE 


TFERR 
IE 





00 



Transmitter Status 
Register (TSR) 

Transmitter Control 
Register (TCR) 

Transmitter Data 
Register (TDR) 

Transmitter Interrupt Vector 
Number Register (TIVNR) 

Transmitter Interrupt Enable 
Register (TIER) 



R/W 


CTST 


DSRT 


DCDT 


CTSLVL 


DSRLVL 


DCDLVL 








00 


RA/V 


RTSLVL 


DTRLVL 











ECHO 


TEST 


NRZI 


00 


12 


RANDOM BIT VALUES 




13 


RANDOM BIT VALUES 




R/W 


SERIAL INTERRUPT VECTOR NUMBER (SIVN) 


OF 


R/W 


CTS 
IE 


DSR 
IE 


DCD 
IE 

















00 



Serial Interface Status 
Register (SISR) 

Serial Interface Control 
Register (SICR) 

(reserved) 

(reserved) 

Serial Interrupt Vector 
Number Register (SIVNR) 

Serial Interrupt Enable 
Register (SIER) 



R/W 




















CTLEX 


ADDEX 


00 


RM 


WD/BYT 


STOP BIT SEL 


CHAR LEN SEL 


PROTOCOL SEL 


00 


SB2 


SB1 


CL2 1 CL1 


PS3 


PS2 1 PS1 


R/W 


BOP ADDRESS/BSC & COP PAD 


00 


R/W 


BOP ADDRESS/BSC & COP SYN 


00 


RM 


BAUD RATE DIVIDER (LSH) 


01 


R/W 


BAUD RATE DIVIDER (MSH) 


00 


R/W 











PSCDIV 


TCLKO 


RCLKIN 


CLK SEL 


00 


CK2 1 CK1 


R/W 


PAREN 


ODDPAR 








CTLCRC 


CRCPRE 


CRC SEL 


04 


CR2 1 CR1 



Protocol Select 
Register 1 (PSR1) 

Protocol Select 
Register 2 (PSR2) 

Address Register 1 (AR1) 

Address Register 2 (AR2) 

Baud Rate Divider 
Register 1 (BRDRI) 

Baud Rate Divider 
Register 2 (BRDR2) 

Clock Control 
Register (OCR) 

Error Control 
Register (ECR) 



Notes: 

1. RESET s Register contents upon power up or RESET. 

2. 16-blts for R68561 (word mode); 8-bits for R68560 (byte mode). 
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REGISTER DEFINITIONS 

RECEIVER REGISTERS 
Receiver Status Register (RSR) 



7 


6 


5 


4 


3 


2 


1 





RDA 


EOF 





C/PERR 


FRERR 


ROVRN 


RA/B 


RIDLE 



Reset Value = $00 

The Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into r espectiv e positions, by writing a 1 into the RCR 
RRES bit or by RESET. If an EOF, C/PERR, or FRERR is set 
in the RSR, the data reflecting the error (the first byte or word 
in the RxFIFO) must be read pri or to resetting the correspond- 
ing status bit in the RSR. The IRQ output is asserted If any 
of the conditions reported by the status bitsbccur and the cor- 
responding interrupt enable bit in the RIER is set. 

The RSR format is the same as the frame status format (see 
below) except as noted. 

RSR 
_7 RDA —Receiver Data Available. (RSR only). 

The RxFIFO is empty (i.e., no received data is 
available). 

1 Received data is available in the RxFIFO and can be 
read via the RDR. 

RSR 

_6_ EOF —End of Frame. 

No end of frame or block detected. 

1 End of frame or block detected (BOP and BSC). 



RSR 

A 





RSR 

A 



1 



RHW —Receive Half Word. (Frame Status only)* 

The last word of the frame contains data on the upper 
half (D8-D15) and frame status on the lower half 
(DO - p7) of the data bus. 

The lower half of the data bus (DO - D7) contains the 
frame status but the upper half (D8 - D15) is blank or 
invalid. 



C/PERR —CRC/Parity Error. 

No ORG or parity error detected. 

ORG error detected (BOP, BSG), Parity error detected 

(ASYNC. ISOG and GOP). 



RSR 
3_ FRERR —Frame Error. 

No frame error detected. 

1 Short Frame or a closing FLAG detected off boundary 
(BOP), Frame error (ASYNG, ISOG) or receiver 
overrun. 



RSR 
2_ 



1 



RSR 

J_ 


1 



RSR 
0_ 



1 



ROVRN —Receiver Overrun. 

No receiver overrun detected. 
Receiver overrun detected. Indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of received data. The data 
that Is already In RxFIFO are not affected and may be 
read by the processor. 



RA/B —Receiver Abort/Break. 

Normal Operation. 

ABORT detected after an opening flag (BOP), ENQ 
detected In a block of text data (BSG), or BREAK 
detected (ASYNC). 



RIDLE —Receiver Idle. (RSR only). 
Receiver not idle. 

15 or more consecutive "1 's" have been received and 
the receiver is in an inactive idle state. 



* Frame Status (RSR) 



7 


6 


5 


. ^ 


3 


2 


1 








EOF 


RHW 


C/PERR 


FRERR 


ROVRN 


RA/B 






For the BSG and BOP protocols which have defined message 
blocks or frames, a "frame status" byte will be loaded Into the 
RxFIFO following the last data byte of each block. The frame 
status contains ail the status contained within the RSR with the 
exception of RDA and RIDLE. But, in addition to the RSR con- 
tents, the frame status byte has a RI-IW status in bit 5 which 
indicates either an even or odd boundary (applicable to word 
mode only). 

If the MPGG is in word mode and the last data byte was on an 
even byte boundary (i.e., there was an even number of bytes 
in the message), a blank byte will be loaded into the RxFIFO 
prior to loading the frame status byte in order to force the "frame 
status" byte and the next frame to be on an even boundary. 
When RHW = 0, the last word of the frame contains data on 
the upper half and status on the lower half of the data bus. If 
RHW = 1 , the lower half of the bus contains status but the upper 
half is a blank or invalid byte. 

In the byte mode, the status byte will always immediately follow 
the last data byte of the block/frame (see Figure 3). The EOF 
status in the RSR is then set when the byte/word containing the 
frame status is the next byte/word to be read from the RxFIFO. 

In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAG. Thus the last byte 
accessed by the DMAG is always a status byte, which the 
processor may read to check the validity of entire frame. 
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WORD MODE 



WORD 


D15 D8 


D7 DO 


N 


DATA 


STATUS 


N + 1 


NEXT 


FRAME 



BYTE 



D7 



(RHW = 0) 



DO 



WORD 


D15 D8 D7 DO 


N 


DATA 


DATA 


N + 1 


BLANK 


STATUS 


N + 2 


NEXT 


FRAME 



BYTE 



D7 



(RHW = 1) 



DO 



BYTE MODE 



M 


DATA 


M + 1 


STATUS 


M + 2 


NEXT FRAME 



M 


DATA 


M + 1 


STATUS 


M + 2 


NEXT FRAME 



Figure 3. BSC/BOP Blo<?k/Frame Status Location 



Receiver Control Register (RCR) 



7 


6 


5 


4 


3 


2 


1 





_- 


ROSREN 


DONEEN 


RSYNEN 


STRSYN 


2ADCMP 


RABEN 


RRES 



Reset value = $01 

The Receiver Control Register (RCR) selects receiver control 
options. 

RCR 
1_ —Not used. 

RCR 

J^ RDSREN —Receiver Data Service Request Enable. 

Disable receiver DMA mode. 

1 Enable receiver DMA mode. 

RCR 



_5. DONEEN —DON E Output Enable. 

Disabl e DONE output, 

1 Enable DONE output. (When the receiver is in the DMA 
mode, i.e., RDSREN = 1). 

RCR 

A RSYNEN -tRSYNEN Output Enable. Selects the 
DSR signal input or the R SYN SYNC 
sign al ou tput on the DSR pin. 

Input DSR on DSR; 

1 Output RSYN on DSR. 

RCR 

Z_ STRSYN —Strip SYN Character (COP only). 

Do not strip SYN character. 

1 Strip SYN character. 

RCR 
2^ 2ADCMP —One/Two Address Compare (BOP only). 

Compare one address byte with the contents of AR1 . 

1 Compare two address bytes with the contents of AR1 
and AR2. 



RCR 
J_ 


1 



RABTEN —Receiver Abort Enable (BOP only). 

Do not abort frame upon error detection. 
Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). If either error occurs, the MPGC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. 



RCR 

0. 


1 



RRES —Receiver Reset Command. 

Enable normal receiver operation. 
Reset receiver. Resets the receiver section including 
the R xFIFO an d the RSR (but not the RCR). RRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a into this bit. RRES 
requires clearing after RESET. 



Receiver Data Register (RDR) 
R68561 (Word Mode) 



15 14 13 


12 |l1 |lO 


9 


8 


7 6 


5 4 3 2 10 


MSB Byte 1 


LSB 


MSB 


Byte LSB 


R68560 (Byte Mode) 


7 


6 


5 


4 3 


2 


1 





MSB 


Byte 


LSB 



The receiver has an 8-byte (or 4-word) First In First Out (FIFO) 
register file (RxFIFO) where received data are stored before 
being transferred to the bus. The received data Is transferred 
out of the RxFIFO via the RDR in 8-blt bytes or 16-blt words 
depending on the WD/BYT bit setting in PSR2. When the 
RxFIFO has a data byte/word ready to be transferred, the RDA 
status bit in the RSR is set to 1 . 
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Receiver Interrupt Vector Number Register (RIVNR) 



6 



Receiver Interrupt Vector Number (RIVN) 



Reset value = $0F 

If a receiver interrupt condition occurs (as reported by status 
bits in the RSR that correspond to interrupt enabl e bits In the 
RIER) and the corresponding bit is set in the R|ER, IRQ output 
is ass erted to request MRU receiver Interrupt service. When the 
lACK input is asserted from the bus, the Receiver Interrupt Vec- 
tor Number (RIVN) from the Receiver Interrupt Vector Number 
Register (RIVNR) Is placed on the data bus. 



Receiver Interrupt Enable Register (RIER) 






7 


6 


5 


4 


3 


2 


1 





RDA 
IE 


EOF 
IE 





C/PERR 
IE 


FRERR 
IE 


ROVRN 
IE 


RA/B 
IE 






Reset value = $00 

The Receiver Interrupt Enable Register (RIER) contains inter- 
rupt enable bits for the Receiver Status Register (RSR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 



RIER 
_Z. 



1 



RDA IE —Receiver Data Available Interrupt 
Enable. 

Disable RDA Interrupt. 
Enable RDA Interrupt. 



RIER 

6_ EOF IE —End Of Frame Interrupt Enable. 

Disable EOF interrupt. 

1 Enable EOF Interrupt. 



RIER 
5 



—Not used. 



RIER 
_4 C/PERR IE — CRC/Parity Error Interrupt Enable. 

Disable C/PERR Interrupt. 

1 Enable G/PERR Interrupt. 

RIER 
_3_ FRERR IE —Frame Error Interrupt Enable. 

Disable FRERR Interrupt. 

1 Enable FRERR Interrupt. 

RIER 
2_ ROVRN IE —Receiver Overrun Interrupt Enable. 

Disable ROVRN Interrupt. 

1 Enable ROVRN Interrupt. 

RIER 

_1_ RA/B IE —Receiver Abort/Break Interrupt Enable. 

Disable RA/B Interrupt. 

1 Enable RA/B Interrupt. 



RIER 




TRANSMITTER REGISTERS 
Transmitter Status Register (TSR) 



7 


6 


5 


4 


3 


2 


1 





TDRA 


TFC 











TUNRN 


TFERR 






Reset value = $80 

The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their res pective positions, by writing 
a 1 Into the TCR TRES bit, or by RESET. The IRQ output is 
asserted if any of the conditions reported by the status bits occur 
and the corresponding interrupt enable bit in the TIER Is set. 

TSR 
7_ TDRA —Transmitter Data Register Available. 

The TxFIFO is full. 

1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TDR. 



TSR 
6 TFC 



—Transmitted Frame Complete. (BOP, BSC 
and COP only). 
Frame not complete. 

Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 



—Not used. 



TSR 
5-3 

TSR 

_2_ TUNRN —Transmitter Underrun (BOP, BSC and 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur- 
ing a transmission. For BOP, the underrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is available in the TxFIFO. 

No transmitter underrun occurred. 

1 Transmitter underrun occurred. 

TSR 

_1_ TFERR —Transmit Frame Error (BOP only). 

No frame error has occurred. 

1 No control field was present (short frame). 

Transmitter Control Register (TCR) 



7 


6 


5 


4 


3 


2 


1 





TEN 


TDSREN 


TICS 


THW 


TLAST 


TSYN 


TABT 


TRES 



—Not used. 



Reset value = $01 

The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 

TCR 
_7_ TEN -Transmitter Enable. 

Disable transmitter. TxD output is idled. The TxFIFO 
may be loaded while the transmitter is disabled. 

1 Enable transmitter. 
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TCR 
6_ 



1 



TDSREN —Transmitter Data Service Request 
Enabie. 

Disable transmitter DIVIA mode. 
Enabie transmitter DIVIA mode. 



TCR 
5 TICS 



TCR 
4 





1 

TCR 
3 



—Transmitter Idle Character Select. Selects 
the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
IVIark Idle (VxD output is held high). 
Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 



THW —Transmit Half Word. (R68561 , word mode 

only). This bit is used when the frame or 
block ends on an odd boundary in conjunc- 
tion with the TLAST bit and indicates that 
the last word in the TxFIFO contains valid 
data in the upper byte only. This bit must 
always be in byte mode (R68560). 

Transmit full word (16 bits) from the TxFIFO. 

Transmit upper byte (8 bits) from the TxFIFO. 



TLAST —Transmit Last Character (BOP, BSC and 
COP only). 
The next character is not the last character in a frame 
or block. 

The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a when the associated 
word/byte is written to the TxFIFO. If the tran smitter 
DMA mode is enabled, TI-AST is set to a 1 by DONE 
from the DMAC. In this case the character written Into 
the TDR In the current cycle Is the last character. 



TCR 
2 TSYN 



-Transmit SYN (BSC and COP only). 



Do not transmit SYN characters. 

1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a when the SYN character 
is loaded into the Transmitter Shift Register. 



—Transmit ABORT (BOP only). 



TCR 
_! TABT 

Enable normal transmitter operation. 

1 Causes an abort by sending eight consecutive 1 's. A 
data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte Is loaded into the TxFIFO. 



TCR 
0. 



1 



TRES —Transmitter Reset Command. 

Enable normal transmitter operation. 
Reset transmitter. Clears the transmitter section 
including the TxFIFO and the TSR (but not the TCR). 
The T xD outp ut is held in "Mark" condition. TRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a into this bit. TRES 
requires clearing after RESET. 



Transmit Data Register (TDR) 
R68561 (Word Mode) 




15 14 13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 1 


MSB Byte 1 


LSB 


MSB Byte LSB 


R68560 (Byte Mode) 


7 6 5 


4 1 3 


2 


1 





MSB 


Byte LSB 



The transmitter has an 8-byte (or 4-word) FIFO register file 
(TxFIFO). Data to be transmitted is transferred from the bus Into 
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend- 
ing on the WD/BYT bit setting in PSR2. The TDRA status bit 
in the TSR is set to 1 when the TxFIFO is ready to accept another 
data word/byte. 

Transmitter Interrupt Vector Number Register (TIVNR) 



6 



1 



Transmitter Interrupt Vector Number (TIVN) 



Reset value = $0F 

If a transmitter interrupt condition occurs (as reported by status 
bits in the TSR that correspond to interrupt enable bits in the 
TIER) and the corresponding bit in the TIER is set, the IRQ 
output is asserte d to request MPU transmitter interrupt service. 
When the lACK Input is asserted from the bus, the Transmitter 
Interrupt Vector Number (TIVN) from the Transmitter Interrupt 
Vector Number Register (TIVNR) is placed on the data bus. 



Transmitter Interrupt Enabie Register (TIER) 




7 


6 


5 


4 


3 


2 


1 





TDRA 
IE 


TFC 
IE 











TUNRN 
IE 


TFERR 
IE 


— 



Reset value » $00 

The Transmitter Interrupt Enable Register (TIER) contains 
interrupt ena ble b its for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 

TIER 
7_ TDRA IE —Transmitter Data Register (TDR) Avail- 
able Interrupt Enable. 

Disable TDRA interrupt. 

1 Enable TDRA Interrupt. 
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TIER 
6 TFC IE 




1 

TIER 
5-3 



—Transmit Frame Complete (TFC) Interrupt 
Enable. 

Disable TFC Interrupt. 
Enable TFC Interrupt. 



—Not used. 



TIER 
2_ TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 
Enable. 

Disable TUNRN Interrupt. 

1 Enable TUNRN Interrupt. 

TIER 
J_ TFERR IE —Transmit Frame Error (TFERR) Interrupt 
Enable. 

Disable TFERR Interrupt. 

1 Enable TFERR Interrupt. 



TIER 




—Not used. 



SERIAL INTERFACE REGISTERS 
Serial Interface Status Register (SISR) 



7 


6 


5 


4 


3 


2 


1 





CTST 


DSRT 


DCDT 


CTSLVL 


DSRLVL 


DCDLVL 









Reset value = $00 

The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) ar e cleare d by writing a 1 into their respec- 
tive positions, or by RESET, The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding Interrupt enable bit in the SIER is set. 



SISR 
7_ 

1 



CT ST —Clear to Send Transition Status. 

CTS has transitioned positive (from active to inactive). 
(TRE S must be zero). 
CTS has not transitioned positive. 



SISR 

6^ DS RT —Data Set Ready Transition Status. 

1 DSR has transitioned negative (from inactive to active) . 

DSR has not transitioned negative. 

SISR 

5_ DC DT —Data Carrier Detect Transition Status. 

1 DCD has transitioned positive (from active to inactive). 
DCD has not transitioned positive. 

SISR 

_4 CTSLVL —Clear to Send Level. 

CTS Input level is negated (high). 

1 CTS input level is asserted (low). 



SISR 

3_ DS RLVL —Data Set Ready Level. 

DSR input level is negated (high). 

1 DSR input level is asserted (low). 

SISR 

2^ DC DLVL —Data Carrier Detect Level. 

DCD input level is negated (high). 

1 DCD Input level is asserted (low). 



SISR 
1-0 



—Not used. 



Serial Interface Control Register (SICR) 



7 


6 


5 


4 


3 


2 


1 





RTSLVL 


DTRLVL 











ECHO 


TEST 


NRZI 



Reset value = $00 

The Serial Interface Control Register (SICR) controls various 
serial Interface signals and test functions. 

SICR 

_7 RTSLVL —Request to Send Level. 

Negat e RTS output (high). 

1 Assert RTS output (low). 

NOTE 

In BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or blo ck has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the trans mitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 

SICR 

e_ DTRLVL —Da ta Terminal Ready Level. 

Negat e DTR output (high). 

1 Assert DTR output (low). 



SICR 
5-3 



SICR 
2_ 


1 



SICR 

J_ 



1 



— Not use d. These bits are initialized to by 
RESET and must not be set to 1 . 



ECHO —Echo Mode Enable. 

Disable Echo mode (enable normal operation). 
Enable Echo mode. Received data (RxD) Is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 

TEST —Self-test Enable. 

Disable self-test (enable normal operation). 
Enable self-test. The transmitted data (TxD) and clock 
(TxC) are routed back through t o the r eceiv er thro ugh 
RxD and RxC, respectively (DCD and CTS are 
Ignored). This "loopback" self-test may be used for 
all protocols. RxC is external regardless of the state 
of OCR bit 2. OCR bit 3 may be a or a 1 . 
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SICR 




NRZI — NRZI Data Format Select. Selects the 

transmit and receive data format to be NRZ 
or NRZI. 
Select NRZ data format. NRZ coding— high = 1 and 
low = 0. 

Select NRZI data format. The serial data remains in 
the same state to send a binary 1 and switches to the 
opposite state to send a binary 0. A 1 bit delay is added 
to the TxD output to allow for encoding. 



Serial Interrupt Vector Number Register (SIVNR) 



Serial Interrupt Vector Number (SIVN) 



Reset value = $0F 

If a serial Interface Interrupt condition occurs (as reported by 
status bits in the SISR that correspond to interrupt enable bits 
in th e SIER) and the corresponding bit in the SIER is set, the 
IRQ output is ass erted t o request MRU serial interface interrupt 
service. When the lACK input is asserted from the bus, the Serial 
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector 
Number Register (SIVNR) is placed on the data bus. 



Serial Interrupt Enable Register (SIER) 








7 


6 


5 


4 


3 


2 


1 





CTS 
IE 


DSR 
IE 


DCD 
IE 


















Reset value = $00 

The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 



SIER 

T_ 


1 



CTS IE —Clear to Send (CTS) interrupt Enable. 

Disable CTS Interrupt. 
Enable CTS Interrupt. 



SIER 

B_ DSR IE —Data Set Ready (DSR) Interrupt Enable. 

Disable DSR Interrupt. 

1 Enable DSR Interrupt. 



SIER 
J_ 


1 

SIER 
4-0 



DCD IE —Data Carrier 
Enable. 

Disable DCD Interrupt. 
Enable DCD Interrupt. 

—Not used. 



Detect (DCD) Interrupt 



GLOBAL REGISTERS 

The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 





1 (PSR1) 






7 


6 


5 


4 


3 


2 


1 























CTLEX 


ADDEX 



Reset value = $00 

Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. 




PSR1 
7-2 

PSR1 

_1_ 


1 

PSR1 

_g_ 





—Not used. 



CTLEX —Control Field Extend (BOP only). 

Select 8-bit control field. 
Select i6-bit control field. 



ADDEX —Address Extend (BOP only). 

Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
Enable address extension. When bit in the address 
byte is a the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte Is all O's (null address). 



Protocol Select Register 2 (PSR2) 



7 


6 


6 


4 3 


2 


1 





WD/BYT 


STOP BIT SEL 


CHAR LEN SEL 


PROTOCOL SEL 


SB2 SB1 


CL2 CL1 


PS3 PS2 PS1 



Reset value = $00 

Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 



PSR2 

7_ 




WD/BYT —Data Bus Word/Byte Mode. 

Select byte mode. Selects the number of data bits to 
be transferred from the RxFIFO and the registers to 
the data bus and to be transferred from the data bus 
to the T xFIFO an d the registers. The MPCC is initial- 
ized by RESET to the byte mode. 
Select word mode. For operation with the 16-bit bus, 
select the word mode by sending $80 on D7- DO to 
address $19 prior to transferring subsequent data 
between the MPCC and the data bus. 



PSR2 
6-5 STOP BIT SEL —Number of Stop Bits Select. 

Selects the number of stop bits 
transmitted at the end of the data 
bins In ASYNC and ISOC modes. 



6 
SB2 




1 



5 
SB1 


1 




No. of 


Stop 


Bits 


ASYNC 




ISOC 


1 




1 


1-1/2 




2 


2 




2 
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PSR2 
4-3 



CHAR LEN SEL —Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 



4 
CL2 




1 
1 



CL1 



1 


1 



Character Length 

5 bits 

6 bits 

7 bits 

8 bits 



PSR2 
2-0 



PROTOCOL SEL— -Protocol Select. Selects protocol 
and defines the protocol dependent 
control bits. 



2 
PS3 





1 
1 
1 

1 



1 

PS2 




1 
1 




1 
1 




PS1 



1 



1 



1 



1 



Protocol 



BOP (Primary) 

BOP (Secondary) 

Reserved 

COP 

BSC EBCDIC 

BSC ASCII 

ASYNC 

ISOC 



Address Register 1 (AR1) 




7 6 5 4 3 2 1 





BOP ADDRESS/BSC & COP PAD 



Reset value » $00 



Address Register 2 (AR2) 




7 6 5 4 3 2 1 


1 


BOP ADDRESS/BSC & COP SYN 



Reset value = $00 

The protocol selected in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
AR2). As a secondary station In BOP, the contents of the address 
registers are used for address matching depending on the 
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2 
contain programmable leading PAD and programmable SYN 
characters, respectively. 

Address Register (AR) Contents 



Protocol Selected 


2ADCMP 


AR1 


AR2 


BOP (Primary) 
BOP (Secondary) 

BSC EBCDIC 
BSC ASCII 
COP 


X 

1 

X 
X 
X 


X 

Address 
Address 
Leading PAD 
Leading PAD 
Leading PAD 


X 
X 

Address 
SYN 
SYN 
SYN 


*X = Not used 









Baud Rate Divider Register 1 (BRDR1) 




7 6 5 4 3 1 2 1 


1 


BAUD RATE DIVIDER (LSH) 


Reset value = $01 

Baud Rate Divider Register 2 (BRDR2) 


7 6 5 4 3 2 1 




BAUD RATE DIVIDER (MSH) 



Reset value = $00 

The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the OCR) and Baud Rate Divider values 
shown in Table 3. For Isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by tvi/o for the 
same Prescaler Divider value. 

The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 



Dork Crystal Frequency 

onU = ■ — 



where: 



(Prescaler Divider) (Baud Rate) (K) 

K = 1 for isochronous or synchronous 
2 for asynchronous 



Clock Control Register (CCR) 



7 


6 


5 


4 


3 


2 


1 














PSCDIV 


TCLKO 


RCLKIN 


CLK SEL 


CK2 


CK1 



Reset value = $00 

The CCR selects various clock options. 



CCR 




7-5 


--Not used. 


CCR 




4 


PSCDIV —Prescaler Divider. The Prescaler Divider 




network reduces the external/oscillator fre- 




quency to a value for use by the internal 




Baud Rate Generator. 





Divide by 2. 


1 


Divide by 3. 



CCR 
3_ TCLKO —Transmitter Clock Output Select. 

Select TxC to be an input. 

1 Select TxC to be an output. 
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Table 3. Standard Baud Selection (8.064 MHz Crystal) 






Desired 
Baud Rate 


Prescaler Divider 


Baud Rate Divider | 




isochronous and Synchronous | 


Decimal 


PSCDIV 


Decimai 


Hexadecimal Value 


Decimal 


Hexadecimal Value | 


BRDR2 


BRDR1 


BRDR2 


BRDR1 


(Bit Rate) 


Vaiue 


(0 to 1) 


Value 


(MSH) 


(LSH) 


Value 


(MSH) 


(LSH) 


50 


3 


1 


26,880 


69 


00 


53,760 


D2 


00 


75 


2 





26,880 


69 


00 


53,760 


D2 


00 


110 


3 


1 


12,218 


2F 


BA 


24,436 


5F 


74 


135 


2 





14.933 


3A 


55 


29,866 


74 


AA 


150 


3 


1 


8,960 


23 


00 


17.920 


46 


00 


300 


2 





6,720 


1A 


40 


13,440 


34 


80 


1200 


3 


1 


1,120 


04 


60 


2,240 


08 


CO 


1800 


2 





1,120 


04 


60 


2,240 


08 


CO 


2400 


2 





840 


03 


48 


1.680 


06 


90 


3600 


2 





560 


02 


30 


1.120 


04 


60 


4800 


3 


1 


280 


01 


18 


560 


02 


30 


7200 


2 





280 


01 


18 


560 


02 


30 


9600 


3 


1 


140 


00 


8C 


280 


01 


18 


19200 


3 


1 


70 


00 


46 


140 


00 


8C 


38400 


3 


1 


35 


00 


23 


70 


00 


46 




CCR 
2 RCLKIN 



—Receiver Ciocic Internal Select (ASYNC 
only). 
Select External RxC. 
Select Internal RxC. 




1 

CCR 
1-0 CLK DIV —External Receiver Clock Divider. Selects 

the divider of the external RxC to determine 

the receiver data rate. 



CK2 CK1 



Divider 












1 


1 





1 


1 



1 (ISOC) 
16 
32 
64 



Error Control Register (ECR) 



7 


6 


5 


4 


3 


2 


1 1 


PAREN 


ODDPAR 


— 


— 


CRCCTL 


CRCPRE 


CRCSEL 


CR2 1 CR1 



Reset value = $04 

>'■ 
The Error Control Register (ECR) selects the error detection 
method used by the MPCC. 

ECR 
7_ PAREN —Parity Enable. (ASYNC, ISOC and COP 
only). 

Disable parity generation/checking. 

1 Enable parity generation/checking. 



ECR 
6_ ODDPAR —Odd/Even Parity Select (Effective only 
when PAREN = 1). 

Generate/check even parity. 

1 Generate/check odd parity. 



ECR 
5-4 

ECR 

A 





—Not used. 



CFCRC —Control Field CRC Enable. 

Disable control field CRC. Enables an intermediate 
CRC remainder to be appended after the address/con- 
trol field in transmitted BOP frames and checked in 
received frames. The CRC generator is reset after con- 
trol field CRC calculation. 



ECR 
_2, CRCPRE —CRC Generator Preset Select. 

Preset CRC Generator to 0. 

1 Preset CRC Generator to 1 and transmit the 1 's com- 
plement of the resulting remainder. 



ECR 
1-0 CRCSEL 



—CRC Polynomial Select. Selects one of the 
RC polynominals. 



1 
CR2 




1 
1 




CR1 



1 



1 



Polynominal , 

xi6 + xi2 + x5 + l (CCITT V.41) 
Xl6 + x15 + x2+1 (CRC-16) 
x8 + 1 (VRC/LRC)* 

Not used. 



*VRC: Odd-parity check is performed on each 
character including the LRC character. 



1-97 



R68560, R68561 



Multi-Protocol Communications Controller (MPCC) 



INPUT/OUTPUT FUNCTIONS 

MPU INTERFACE 

Transfer of data between the MPCC and the system bus involves 
the following signals: 



R68561 



R68560 



Address Lines 


A1-A4 


A0-A4 


Data Lines 


D0-D15 


D0-D7 


Read/Write 


R/W 


R/W 


Data Transfer Acknowledge 


DTACK 


DTACK 


Chip Select 


CS 


CS 


Data Strobes 


UDSand LDS 


DS 



Figures 10 and 11 show typical Interface connections. 

Read/Write Operation 

The RA/V input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
I/O buffer acts as an output driver during a read operation and 
as an input buffer during a write operation. CS must be decoded 
from the address bus and gated with address strobe (AS). 

When the R68561 is connected to the 16-bit bus for operation 
in the word mode (WD/BYT = 1 in the PSR2), address lines 
A1-A4 select the internal regisfer(s) (the 8-bit control/status 
registers are accesed two at a time and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC is 
selected (CS low) during a read (R/W high), 16 bits o f reg ister 
data are placed on the d ata bus when the data strobes (LDS and 
UDS) are asserted. LDS strobes the eight data bits from the even 
numbered registers to the lower data bus lines (D0-D7) and UPS 
strobes the eight data bits from the odd numbered registers to 
the upper data bus lin es (D8~ D15). The MPCC asserts Data 
Transfer Acknowledge (DTACK prior to placing data on the data 
bus. Conversely, when the MPCC is selected (CS low) during 
a write (R/W low) LDS and UDS strobe data from the D0-D7 
and D8-D15 data bus lines into the addressed even and odd 
number ed registers, respectively, and the MPCC asserts DTACK. 
DTACK is negated when CS Is negated. Figures 12 and 13 
show the read and write timing relationships. 

When the R68560 is connected to the 8-bit bus for operation in 
the byte mode (WD/BYT = in the PSR2), address lines A0-A4 
select one internal 8-bit register. When the MPCC Is selected (CS 
low) during a read (R/W high), eight bits of register data are placed 
on data bus lines D0-D7 whenthe data strobe (DS) is asserted. 
When the MPCC is selected (CS low) for a write (R/W low), DS 
strobes data from the D0-D7 data lines into the selected register. 

DMA INTERFACE 

The MPCC is capable of providing DMA data transfers up to 2 
Mbytes per second when used with the MC68440 or MC68450 
DMAC in the single address mode. Based on 4 Mb/s serial data 
rate and 5 bits/character, the maximum DMA required transfer 
rate is 800 Kbytes per second. 

The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 



MPCC and the DMAC is accomplished by a two-signal 
request/acknowledg e hands hake. Since the MPCC has only one 
acknowledge input (DACl^ for its two DMA request lines, an 
external OR function must be provided to combine the two DMA 
acknowledge signals. The MPCC uses the R/W in put to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 

Receiver DMA Mode 

The redeiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1 . When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transf er. The next 
RDSR cycle may be initiated as soon as the curren t RD SR cy cle 
is completed (i.e., a full sequence of DACK, DS, and DTC). 



In response to RDSR assertion, the DMAC sets the R/W line to 
write, asserts the memory address, address strobe, and DMA 
acknowledge, the MPCC outputs data from the RxFIFO to the 
data bus and the DMAC as serts th e data strobes. The memory 
latches the data an d ass erts DTACK to complete the data transfer. 
The DMAC asserts DTC to Indicate to the MPCC that data transfer 
Is cornplete. Figure 13 shows the timing relationships for the 
recelvei' DMA mode. 



RDSR is inhibited when either RDSRE N is rese t to or RRES 
Is set to 1 (both in the RCR), or when RESET is asserted. 

Transmitter DMA Mode 

The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When th e TxFIFO Is available. Transmitter 
Data Sen/ice Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transf er. The next 
TDSR cycle may be initiated as soon as the current TDSR cycle 
is completed. 

In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memor y to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read, asserts the memory address, 
the address strobe, the data strobes and DMA ack nowledge . The 
memory places data on the data bus and asserts DTACK. Data 
is valid at this time and will rem ain va lid until the data strobes 
are negated. The DMAC asserts DTC to indicate to the MPCC 
that data is available. The MPCC loads the data into the TxFIFO 
on the negation (rising edge) of DS and the transfer is complete. 
A timing diagram for the transmitter DMA Mode is shown in 
Figure 15. 



TDSR is inhibited when either TDSREN i s reset t o or TRES 
Is set to 1 (both in the TCR), or when RESET is asserted. 



DONE Signal 

When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the l ast wo rd/byte has been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 
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INTERRUPTS 

If an interrupt generating status occurs and tine interr upt is 
enabled, the MPCC asserts the IRQ output. Upon receiving lACK 
for the pending Interrupt request, the M PCC plac es an interrupt 
vector on D0-D7 data bus and asserts DTACK. 

The MPCC has three vector registers: Receiver Interrupt Vector 
Number Register (RIVNR), Transmitter Interrupt Vector Number 
Register (TIVNR), and Serial Interrupt Vector Number Register 
(SIVNR). The receiver interrupt has higher priority over the 
transmitter interrupt, and the transmitter interrupt has priority over 
the serial interface interrupt. For example, if a pending interrupt 
request has been generated simultaneously by the receiver and 
the transmitter, the Receiver Interrupt Vector Number (RIVN) is 
placed on D0-D7 when acknowledged by the MPU. Upon com- 
pletion of t he fir st interrupt request cycle (which clears the receiver 
interrupt), IRQ will remain low to start the transmitter interrupt 
cycle. IRQ is negated by clearing all bits set in a status register 
that could have caused the interrupt. 

A timing diagram for the interrupt acknowledge sequence is 
shown in Figure 15. 

SERIAL INTERFACE 

The MPCC is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used In the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 

RTS (Request to Send) Output 

The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter section. 
When the RTSLVL bit is set to 1 , the RT S out put is asserted. 
When the RTSLVL bit is reset to 0, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (or fram e), complete with CRC code if any, has been 
transmitted. RTS also is negated wh en the R TSLVL bit Is reset 
during transmitter idle, or when the RESET input is asserted. 

CTS (Clear to Send) Input 

The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set Is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS Input 
while the CTSLVL bit in the SISR reflects the current level. A 
positive transition on th e CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 

DCD (Data Carrier Detect) Input 

The DCD input signal is normally generated by the DCE and Indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulatio n. The DCDT bit in the SISR reports the transition 
status of the DCD input while the DCDLVL bit i n the SISR con- 
tains the current level. A positive transition on the DCD pin asserts 
the IR Q output if the DCD IE bit in the SIER is set. A negated 
DCD input disables the start of the receiver. 



DSR (Data Set Ready) Input/RSYN Output 

The DSRT input from the DCE Indicates the status of the local 1 
set. The DSRT bit In the SISR contains the transition status of 
the DSR Input while the DSRLVL bit In t he S ISR reports the 
current level. A negative transition on the DSR pin asserts the 
IRQ output if the DSR IE bit in the SIER is set. 

When the RSYN bit In the RCR Is set to 1 , the frame synchroniza- 
tion signal (RSY N) In the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN in BSC 
or COP, or an address match in BOP. 

DTR (Data Terminal Ready) Output 

The DTR output is general purpose In na ture and can be used 
to control switchlns of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 

TxC (Transmitter Clock) Input/Output 

The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR Is set to a 
1 , the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the Internal baud rate 
generator. When the TCLKO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 
In the CCR, the TxC Input frequency must be two times the 
desired baud rate. 

TxD (Transmitted Data) Output 

The serial data transmitted from the MPCC is coded in NRZ or 
NRZI (zero complement) data format as selected by the NRZI con- 
trol bit in the SICR. 

RxC (Receiver Clock) Input 

The receiver latches data on the negative transition of the RxC. 

RxD (Received Data) Input 

The serial data received by the MPCC can be coded in NRZ or 
NRZI data format. The MPCC will decode the received data in 
accordance with the NRZI control bit setting in the SICR. 

Serial Interface Timing 

The timing for the serial interface clock and data lines is shown 
in Figure 18. The MPCC supports high speed synchronous opera- 
tion. As shown, the TxD output changes with the negative-going 
edge of TxC and the received data on RxD is latched on the 
negative edge of RxC. This assures high speed two-way opera- 
tion between two MPCCs connected as shown in Figure 1 7. 

For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter can 
be used in the TxC output lines as shown in Figure 17. RS-232 
and RS-423 (covering serial data interface up to 100K baud) 
require that data be centered ± 25% about the negative-going 
edge of the RxC. This criteria is met for frequencies up to 1.25 
MHz using the inverter. Use of the inverter also allows MPCC 
to MPCC operation up to 2.17 MHz. 




1-99 



R68560, R68561 



Multi-Protocol Communications Controller (MPCC) 



SERIAL COMMUNICATION MODES 
AND PROTOCOLS 

ASYNCHRONOUS AND ISOCHRONOUS MODES 

Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1 , 1 V2, or 2 stop bits. The data character 
is transmitted with the least significant bit (LSB) first. The data 
line Is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 

Asynchronous Receive 

In the asynchronous (ASYNC) mode, data received on RxD occurs 
in three phases: (1) detection of the start bit and bit synchro- 
nization, (2) character assembly and optional parity check, and 
(3) stop bit detection. The receiver bit stream may be synchro- 
nized by the internal baud rate generator clock or by an external 
clock on RxC. When RCLKIN in the CCR is set to 0, an external 
clock with a frequency of 16, 32, or 64 times the data rate 
establishes the data bit midpoint and maintains bit synchroniza- 



tion. The character assembly process does not start if the start 
bit is less than one-half bit time. Framing and parity errors are 
detected and buffered along with the character on which errors 
occurred. They are passed on to the RxFIFO and set appropriate 
status bits in the RSR when the character with an error reaches 
the last RxFIFO register where it is ready to be transferred onto 
the data bus via the RDR. 

Isochronous Receive 

In the Isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is satisfied 
by the detection of a high-to-low transition on the serial data input 
line. Error detection and status indication are the same as the 
asynchronous mode. 

Asynchronous and Isochronous Transmit 

In asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed by 
the data character which is transmitted LSB first. If parity genera- 
tion Is enabled, the parity bit is transmitted after the MSB of the 
character. 



ASYNCHRONOUS FRAME FORMAT 



DATA 






START LBS 



-ee- 



MSB 



5 TO 8 BITS 



PARITY 
(OPT) 



|-T"r 
1 I I 

I l-L- 

STOP 

(1, 1Va, OR 2 BITS) 



ISOCHRONOUS FRAME FORMAT 



CLK 



urunjxjirLnLRRrL 



DATA 






START 



LBS 






I — -L 1 



I L_ 



MSB 



5 TO 8 BITS 



PARITY 
(OPT) 



STOP 

(1 OR 2 BITS) 



Figure 4. Asynchronous and Isochronous Frame Format 
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SYNCHRONOUS MODES 

In synchronous modes, a one-times clock is provided along with 
the data. Serial output data is shifted but and input data is latched 
on the falling edge of the clock. 

BIT ORIENTED PROTOCOLS (BOP) 

In bit oriented protocols (BOP), messages (data) afe transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a closing 
flag. A frame may also contain an inforrhation fieldl (See Figure 5). 

The opening flag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. The 
address field can be extended by setting the ADDEX bit to a 1 
in PSR1 . In this case, the address field will be extended until the 
occurrence of an address byte with a 1 in bit 0. Up to two bytes 
of the address field may be automatically checked when the 
MPCC is programmed to be a secondary station in BOP. An 
automatic check for global (1 1 1 1 1 1 1 1) or null (00000000) address 
is also made. The control field of one or two bytes is transparent 
to the MPCC and sent directly to the host without interpretation. 

The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X1 6 + xi2 
+ X5 + 1 (CRC-CCITT) should be used, i.e., selected in the 
CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all 1 s, and the Is 
complement of the resulting remainder is transmitted. (See 
X.25 Recommendation.) 

Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special Characters. A is Inserted 
by the transmitter after every fifth consecutive 1 in the data stream. 
These inserted zeros are removed by the receiver to restore the 
data to its original form. The inserted zeros are not included in 
the CRC calculation. 



The end of the frame is detemiined by the detection of the closing 
Flag special character which is the same is the opening Flag. 

With the control options offered by the MPCC, commonly used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 

BOP Receiver Operation 

In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing flag 
for one frame serves as the opening flag for the next frame) and 
the shared zero (the ending of a closing flag serves as the begin- 
ning of an opening flag forming the pattern 
'•011111101111110." 

Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation in- 
cludes all the characters between the opening Flag and the clos- 
ing Flag. The contents of the CRC register are checked at the 
close of a frame and the C/PERR bit in the RSR is updated. The 
PCS and the Flag are not passed on to the RxFIFO. 

If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven Is) is detected, the re- 
maining frame is discarded and the RA/B bit is set in the RSR. 
When a link idle (15 or more consecutive Is) Is detected, the Rl- 
DLE status bit is set in the RSR. The zeros that have been inserted 
to distinguish data from special characters are detected and 
deleted from the data stream before characters are assembled. 
The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. If there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. 




FLAG 
01111110 


ADDRESS 
1 CRN 
BYTES 


CONTROL 

1 OR 

2 BYTES 


INFORMATION 
N BYTES 
(OPTIONAL) 


FCS 

2 BYTES 


FLAG 
01111110 



Figure 5. Bit Oriented Protocol (BOP) Frame Format 



IBM SDLS FRAME FORMAT 



FLAG 
01111110 


ADDRESS 
1 BYTE 


CONTROL 
1 BYTE 


INFORMATION 
N BYTES 


FCS 

2 BYTES 


FLAG 
01111110 


ADCCP/HDLC FRAME FORMAT 


FLAG 
01111110 


ADDRESS 
N BYTES 


CONTROL 

1 OR 

2 BYTES 


INFORMATION 
N BYTES 


FCS 

2 BYTES 


FLAG 
01111110 



Figure 6. Implemented Bit Oriented Protocols 
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For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended con- 
trol field bit. 

If the CFCRC bit in the ECR Is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 

BOP Transmitter Operation 

In BOP, the TxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = in the TCR). When the 
transmitter is enabled (TEN = 1 in the TCR), the leading Flag 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. If an underrun occurs, the TUNRN bit in the TSR is set to 
a 1 and an Abort (1 1 1 1 1 11 1) is transmitted followed by continuous 
Flags or marks until a new sequence is initiated. 

The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append the 
two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the TD SREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 



non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages, BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 



Table 4. BSC Control Sequences- 


-Inclusion 


in CRC Accumulation 






ASCII 


EBCDIC 




Byte 1 


Byte2 


Command 


Bytel 


Byte 2 


SYN 


16* 


— 


SYN 


32* 


— 


SOH 


01 


— ■ 


SOH 


01 


..■■^■;' 


STX 


02 


_ • 


STX 


02 


_ 


ETB 


17 


_ 


EOe (ETB) 


26 


— 


ETX 


03 


— 


ETX 


03 


— 


ENQ 


05 


_ . 


ENQ 


2D 


.,_ 


DLE 


10 


.. — 


DLE 


10 


— 


ITB 


IF 


— 


ITB 


IF 


_ 


EOT 


04 


— 


EOT 


37 


— 


ACK N* 


10 


30-37 


ACKO 


10 


70 


NAK 


15 


■■«» ■; 


ACK 1 


10 


61 


WACK 


10 


3B 


NAK 


3D 


, — 


RVI 


10 


3C 


WACK 


10 


6B 








RVI 


10 


7C 


Note: * Programmable 



A message may be terminated at any time by setting the TABT 
bit in the TCR to 1 . This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. 

The serial data from the Transmitter Shift Register is continuously 
monitored for five consecutive Is, and a is inserted in the data 
stream each time this condition occurs (excluding Flag and Abort 
characters). 

CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1 , an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 

BISYNC(BSC) 

The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting the 
appropriate CRCSEL bits in the ECR for both transparent and 



A heading is a block of data starting with ah SOH and containing 
one or more characters that are used for message control (e.g., 
message identification, routing, and priority). The SOH initiates 
the block-check-character (BCC) accumulation, but is not included 
in the accumulation. The heading is terminated by STX when It 
is part of a block containing both heading and text. A block con- 
taining only a heading is terminated with an ITB or an ETB 
followed by the BCC. Only the first SOH or STX in a transmis- 
sion block following a line turnaround causes the BCC to reset. 
All succeeding STX or SOH characters are included in the BCC. 
This permits the entire transmission (excluding the first SOH or 
STX) to be block-checked. 

The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing and 
more efficient error control. Each block starts with STX and ends 
with ETB (except for the last block of a message, which ends with 
ETX). A single transmission can contain any number of blocks 
(ending with ETB) or messages (ending with ETX). An EOT follow- 
ing the last ETX block indicates a normal end of transmission- 
Message blocking without line turnaround can be accomplished 
by using ITB (see the Additional Data Link Capabilities section, 
IBM GA 27-3004-2). 



LEADING PAD 


SYN 


SYN 


BODY 


BCC 


TRAILING 


1 BYTE 


1 BYTE 


1 BYTE 






PAD 


(AR1) 


(AR2) 


(AR2) 






11111111 



Figure 7. BSC Block Format 
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CONTROL/RESPONSE BLOCKS: 



LEADING 
PAD 


SYN 


SYN 


EOT 


FOLLOW- 
ING PAD 


SYN 


SYN 


1 1 
ADDRESS 


ENQ 


FOLLOW- 
ING PAD 



POLLING OR SELECTION 



LEADING 
PAD 


SYN 


SYN 


1 
ACKO 


FOLLOW- 
ING PAD 


POSITIVE ACKNOWLEDGEMENT 




LEADING 
PAD 


SYN 


SYN 


NAK 


FOLLOW- 
ING PAD 





NEGATIVE ACKNOWLEDGEMENT 



HEADING AND TEXT BLOCKS: 

RESET BCC — * 



LEADING 
PAD 



SYN 



SYN 



SOH 



-INCLUDED IN BCC - 



HEADING 



ETB 



BCC 



FOLLOW- 
ING PAD 



RESET BCC ►-► 



HEADING ONLY 
- INCLUDED IN BCC - 



-INCLUDED IN BCC- 



LEADING 
PAD 



SYN 



SYN 



SOH 



HEADING 



STX 



TEXT 



SYN 



TEXT 



ETX 



BCC 



FOLLOW- 
ING PAD 



NONTRANSPARENT HEADING AND TEXT 



DPQPT nnp fc^l 


•INCLUDED IN BCC* 

» 














^ INULUUtU tn u\*\f 

» 






LEADING 
PAD 


SYN 


SYN 


DLE 


STX 


TEXT 

-il 


DLE 


SYN 


n 


DLE* 


ETX 


BCC 


FOLLOW- 
ING PAD 



TRANSPARENT TEXT 



*DLE EXCLUDED FROM BCC CALCULATION 



Figure 8. BSC Message Format Examples 
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Two modes of data transfers are used in BSC. in non-transparent 
mode, data link control characters may not appear as text data. 
In transparent mode, each control character is preceded by a data 
linlc escape (DLE) character to differentiate It from the text data. 
Table 5 indicates which control characters are excluded in the 
CRC generation. All characters not shown in the table are included 
in the CRC generation. Figure 8 shows various formats for 
Control/Response Blocks and Heading and Text Blocks. 



Table 5. 



BSC Control Sequences — * Inclusion 
in CRC Accumulation 



Character of Sequence 


Included in CRC Accumulation 


Yes 


No 


TSYN 


_ 


DLESYN 


TSOH 


-_ 


DLESOH 


TSTX* 


__ 


DLESTX 


TETB 


ETB 


DLE 


TETX 


ETX 


DLE 


TDLE 


(DLE)DLE 


DLE(DLE) 


* If not preceded within the same block by transparent heading 


information. 





BSC Receiver Operation 

Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that VRC/LRC 
polynomial is selected. Character assembly starts after the receipt 
of two consecutive SYN characters. Serial data bits are shifted 
through the Receiver Shift Register into the Serial-to-Parallel 
Register and transferred to the RxFIFO. The RDA status bit in 
the RSR is set to 1 each time data is transferred to the RxFIFO. 
The SYN character in non-transparent mode and DLE-SYN pairs 
in transparent mode are discarded. 

The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB. DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accumulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITS, ETB, or ETX in non-transparent mode or DLE-ITB, DLE- 
ETB, DLE-ETX in transparent mode. If a CRC error is detected, 
the C/PERR and EOF bits in the RSR are set to 1 . If no error 



is detected only the EOF bit is set. If the closing character was 
an ITB, BCC accumulation and character assembly starts again 
on the first character following the BCC. 

BSC Transmitter Operation 

BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX 
initiates the block-check-character (BCC) accumulation. An initial 
SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 
The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD is generated by the MPCC. 

In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an unden-un occurs, DLE-SYN characters 
will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or ENQ with a TLAST tag is treated as 
a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, and 
returns the data link to normal mode. BCC generation is not used 
for messages beginning with characters other than SOH, STX, 
DLE-SOH, or DLE-STX. On all message types, if the TSYN bit 
is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence on 
transparent messages) sequence is transmitted before the next 
character is fetched from the TxFIFO. 

CHARACTER ORIENTED PROTOCOLS 

The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair of 
consecutive SYN characters to establish character synchroniza- 
tion. These SYN characters are discarded after detection. The 
PAD and SYN characters may be 5-8 bits long and are user pro- 
grammable as stored in AR1 and AR2, respectively. 

If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message will 
be discarded and will not be passed on to the RxFIFO. If STRSYN 
is reset, SYNs detected within the message will be treated as data. 



LEADING PAD 
5-8 BITS 
(AR1) 



SYN 

5-8 BITS 
(AR1) 



SYN 

5-8 BITS 
(AR2) 



MESSAGE 
'5-8 BIT CHARACTERS - 



Figure 9. Character Oriented Protocol Format 
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Figure 10. Typical Interface to 68000-Based System 
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Figure 1 1 . Typical interface to 68008-Based System 
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A1-A4 
AOV 



CS 



LDS/PS 
UDS2 



R/W 



DTACK 



D0-D15 



"^. 



■^c 



ijnm 



-dy- 



■^. 



A 



;^ 



-©- 






1^ 



NOTES: 

1 . BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOtTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 1 2. MPCC Read Cycle Timing 



A1-A4 
AO^ 



CS 



LDS/DS 
UDS2 



R/W 



DTACK 



D0-D15 



< 



^^ 



^. 



:s^. 



-(3) — »• 



-^ 



y^ 



mZL 



-KEH, 



-(gHH 



> 



NOTES: 

1 . BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 13. MPCC Write Cycle Timing 
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INTERNAL _ 
RECEIVER 
CLOCK 
(BAUD RATE) 



RDSR 



DACK 



LDS/DS 
UDS/AO^ 



DO-015 



V 



f 



^^ 



'\. 



J' 



- ASSERTED FOR 1 CLOCK CYCLE - 



HIGH FOR 1 CLOCK 
PERIOD MINIMUM 



X 



- wwwwwww . 



(35) 



f 



\. 



c 



DONE 



*<5H 



DTC 



A\g%_ 



\ r 



NOTES: 

1 . TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 



Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode) 
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INTERNAL 

TRANSMITTER 

CLOCK 

(BAUD RATE) 

TDSR 



DACK 



LDS/DS 
UDS/A02 



D0-D15 



^. 



^^ 



J^ 



^. 



-< ASSERTED FOR 1 CLOCK CYCLE- 



HIGH FOR 1 CLOCK 
PERIOD MINIMUM 



\. 



y 



\ 



.c 



R/W 



DONE 



DTC 



>//////////////// 



\ 



■^. 



h-®- 



h-(22)-*. 



/ 



y 



NOTES: 

1 . TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 



Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode) 
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V 






IRQ 
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lACK 




^ 


rr 


/ 


< 






— ®-^ 














r 


\ 




DTACK 












LOS/DS 
D0-D7 




■^ 




± 






^ /CN ^ 




^(F>i 


r 






Ky 


7 






INTERRUPT VECTOR 


NOTES: 

1. TIMING MEASUREMENTS 
VOLTAGE OF 2.0 VOLTS, 

2. IRQ IS NEGATED WHEN / 
ARE CLEARED. 






s 


j^— 






1 1 

ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
UNLESS OTHERWISE NOTED. 
VLL BITS JN STATUS REGISTERS THAT COULD HAVE CAUSED THE INTERRUPT 



Figure 16. Interrupt Request Cycle Timing 



MDCC1 






IMPCC2 


TxC 
TxD 
RxC 
RxD 


RxC 
RxD 
TxC 
TxD 















MPCC 1 



TxC 
TxD 
RxC 
RxD 



-O— 



MODEM/DCE 



Rx TIMING (DD) 
Rx DATA (BB) 
Tx TIMING (DA) 
Tx DATA (BA) 



HIGH SPEED INTERFACE 



LOW SPEED (RS-232) INTERFACE 



Figure 17. Serial Interface 
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HIGH SPEED APPLICATION 



TxC/RxC 



TxD/RxD 



-<Sh 



\ / \° / 



t-@ 



^S^SD^^^m'SH^^^m^IM 



LOW SPEED APPLICATION (RS-232 COMPATIBLE) 



TxC 



<30> 



■\! 



31 



TxD DATA A 



RxC (TxC) 



DATA B 



-Hg)- 



/■ 



-* (32) ** 



K. 



®h- 



/ ^' / V 



DATAC 



7^~~^ 



Figure 18. Serial Interface Timing 



RxD 



TxD 



X 



^ ^34^ > 



X 



NOTE: 

TIMING MEASUREMENTSS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 

OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 19. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta 



O'^C to 70°C) 



Number 


Parameter 


Symbol 


Min 


Max 


Unit 


1 


R/W High to CS, DS Low 


tRHSL 





— 


ns 


2 


Address Valid to CS, DS Low 


WSL 


30 


— 


ns 


3(1) 


CS Low to DTACK Low 


tcLDAL 





60 


ns 


4(1) 


CS, DS Low to Data Valid 


tsLDV 





140 


ns 


5 


CS, DS High to Data Invalid 


tSHDXR 


10 


150 


ns 


6 


CS, DS High to DTACK High 


^SHDAT 





40 


ns 


, .■';7.' 


CS, DS High to Address Invalid 


tSHAI 


20 


- 


ns 


8 


CS, DS High to R/W Low 


tSHRL 


20 


— 


ns 


9 


R/W Low to CS, DS Low 


tRLSL 





— 


ns 


10 


CS High, DS High to R/W High 


tsHRH 


20 


— 


ns 


11 


Data Valid to CS, DS High 


toVSH 


60 


__ 


ns 


12 


CS. DS High to Data Invalid 


tsHDXW 





— 


ns 


17 


DTC Low to DS High 


tCLSH 


60 


— 


ns 


18 


DACK Low to Data Valid, DONE Low 


Uldv 





140 


ns 


19 


DS High to Data Invalid 


tSHDXDR 


10 


150 


ns 


21 


Data Valid to DS High 


tovSH 


60 


— 


ns 


22 


DS High to Data Invalid 


tsHDXDW 





- 


ns 


25 


lACK Low to DTACK Low 


t|ALAL 





40 


ns 


26 


lACK, DS Low to Data Valid 


tiALDV 





140 


ns 


27 


DS High to Data Invalid 


tiSHDI 


10 


150 


ns 


28 


lACK High to DTACK High 


tiAHDAT 





40 


ns 


30 


RxCandTxC Period 


tcp 


248 


_ 


ns 


31 


TxC Low to TxD Delay 


tjCLTD 





200 


ns 


32 


RxC Low to RxD Transition (Hold) 


^ROLRD 





— 


ns 


33 


RxD Transition to RxC Low (Setup) 


tRDRCL 


30 


_ 


ns 


34 


RxD to TxD Delay (Echo Mode) - 


tRDTD 


— 


200 


ns 


35 


R/\N Low to DTACK Low (Setup) 


tRLAL 





— 


ns 


36 


DACK High to DONE High 


Uhdh 





— 


ns 


Note: 




1 


I.For read cycle timing, the MPCC asserts DTACK within the MPU S4 clock low setup time requirement and 
valid data (Data In) within the MPU S6 clock low setup time requirement. 


establishes 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


Operating Temperature Range 


Ta 


Oto +70 


OC 


Storage Temperature 


"•"STG 


-55 to +150 


OC 



*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent dkmage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other cohditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 




THERMAL CHARACTERISTICS 



Parameter 


Symbol 


Value 


Rating 


Thermal Resistance 
Ceramic 
Plastic 


^JA 


50 
68 


"C/W 



OPERATING CONDITIONS 





Range 


Vcc Power Supply 


5.0V ±5% 


Operating Temperature 


O-^C to 70*>C 



DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = 0°C to TCC unless otherwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input High Voltage 
All Inputs 


V,H 


2.0 


Vcc 


V 




Input Low Voltage 
All Inputs 


V,L 


-0.3 


+ 0.8 


v; ' ■■„,, 




Input Leakage Current (V,n :=: to 5.25V) 
R/W, RESET, CS 


l|N 


— 


10.0 


1^ 


V,N « Oto 5.25 V 
Vcc-0 


Three-State (Off State) Input Current (V|n = 0.4 to 2.4) 
IRQ. DTACK, D0-D15 


Ttsi 


— 


10.0 


>A 


V|N = 0.4 to 2.4V 
Vcc = 50V 


Output High Voltage 


VOH 


Vss + 2.4 


" 


V 


Vcc « 4.75V 
Iload = -400/tA 
Cload = 130 pF 


RDSR, TDSR, IRQ, DTACK, D0-D15, DSR, DTR, RTS, 
TxD, TxC 


BCLK 


VOH 


Vss + 2.4 


" 


V 


Vcc = 4.75V 
'load = 
Cload * 30 pF 


Output Low Voltage 


Vol 


" 


0.5 


V 


Vcc = 4.75V 
'load = 3.2 mA 


RDSR, TDSR, IRQ, DTACK D0-D15, DSR, DTR, RTS, 
TxD. TxC, BCLK. 


DONE 










Vcc = 4.75V 
'load - 8.8 mA 


Internal Power Dissipation 


Pint 


- 


1 


w 


Ta=25oC 


Input Capacitance 


Cm 


' 


13 


PF 


V,N = ov 
Ta = 25°C 
f = 1 MHz 
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PACKAGE DIMENSIONS 



48-PIN CERAMIC DIP 




J.L 



40-PIN PLASTIC DIP 



ni^nnnnnni^nnnnnnnnnnri 



'JU'w''J'w''«''>/''v'tJ>JUUIJ>Jk/''u''JU'w'k; 



mwmmwm::^^ 



LI 



^Ud 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


60.35 


61.57 


2.376 


2.424 


B 


14.63 


15.34 


0.576 


0.604 


C 


3.05 


4.32 


0.120 


0.160 


D 


0.381 


0.533 


0.015 


0.021 


F 


0.762 


1.397 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


J 


0.203 


0.330 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.99 


15.65 


0.590 


0.616 


M 


0° 


10° 


0° 


10° 


N 


1.016 


1.524 


0.040 


0.606 



DIM 




,«c«s 


MIN 


MAX 


MIN 


MAX 


A 


5128 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.62 


0.O4O 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


020 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 


M 


7° 


10° 


r 


10° 


N 


0.51 


1.02 


0.020 


0.040 
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PRELIMINARY 



DESCRIPTION 

The R68802* Local Network Controller (LNET) implements the 
IEEE 802.3 CSMA/CD Access Method local network standard. 
More generally, It is designed to support a variety of local net- 
work designs with varying performance requirements. 

The basic function of the LNET is to execute the CSMA/CD 
algorithm, perform parallel-to-serial and serial-to-parallel con- 
versions of the 1 0M bps packet data stream, and assemble and 
disassemble the packet format. In addition, the LNET provides 
the necessary asynchronous handshake signals to the 68000 
family processors, the required DMA interfaces, and the proper 
interface to the Manchester Interface (Ml) component(s) used 
to connect the LNET to an IEEE 802.3 defined Media Attach- 
ment Unit (MAU). 

The controller can interface data terminal equipment to local 
networks with differing performance requirements. At the high 
end, the R88802 meets the IEEE 802.3 10M bps specification 
and supports the implementation of ISO layers one and two. For 
low cost networks, the controller can be run at greatly reduced 
data rates and inexpensive system components (drivers, cables, 
etc.) may be selected. 

The LNET controller implements a protocol known as Carrier 
Sense Multiple Access with Collision Detection (CSMA/CD), 
which allows multiple Data Terminal Equipment to share the 
same communication medium without the need for a central 
arbiter of medium utilization. 

Ethernet nodes needing to transmit wait exactly 9.6 fxs before 
transmitting data to provide recovery time for other controllers 
and the cable itself. If a collision with another station is detected, 
the transmission is aborted and a jam signal transmitted to alert 
other nodes. Following a jam, the station waits a random amount 
of time based on a Binary Exponential Back-off algorithm before 
retransmitting. Repeated collisions result in repeated retries and 
an increase in the randomly selected time interval to improve 
trafficking. 

ORDERING INFORMATION 



Part Number 

R68802 _ Temperature Range: 0°C to 70°C 



- Package: 
= Ceramic 
P = Plastic 



FEATURES 

• Serial data rates as high as 10M bps 

• Compatible with a variety of 8- or 16-bit processors and DMA 
controllers 

• Meets the IEEE 802.3 (as well as Ethemet*) specifications for 
local networks 

• Interfaces to SEEQ 8002 Manchester Code Converter (MCC) 

• Programmable Interframe wait times for smaller topologies 
and lower data rates 

• CSMA/CD algorithm: 
— Wait before transmit 
^Jam on collision 

— Binary exponential backoff 

• Programmable 2- or 6-byte address recognition 

• Supports three modes of node self-test 

• Programmable disable on reception 

• 32-bit CRC generation and reception 

• Broadband applications 

• TTL compatible I/O 

• 40-pin DIP 

• Single 5 V power supply 

'R68B02 is a trademark of the Rockwell Intematioryal Corporation. 

• Ethernet is a trademark of the Xerox Corporation. 
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Figure 1. LNET Block Diagram 
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PIN DESCRIPTION 

Throughout the document, signals are presented using the 
terms active and inactive or asserted and negated independent 
of whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
bejow.) Active low signals are denoted by a superscript bar. 
R/W indicates a write is active low and a read active high. 
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Figure 2. LNET Input and Output Signals 



D0-D15 — Data Lines. The bidirectional data lines transfer data 
between the LNET and the MPU, nnemory or other peripheral 
device. D0-D15 are used when connected to the 16-bit 68000 
bus and operating in the word mode. D0-D7 are used when con- 
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and 
operating in the byte mode. The data bus is tri-stated when CS 
is Inactive. (See exceptions in DMA mode.) 

CS— Chip Select. CS low selects the LNET for programmed 
transfers with the host. The LNET is deselected when the CS 
input is inactive In non-DMA mode. CS must b^ decoded from 
the address bus and gated with address strobe (AS). 

R/W— Read/Write. R/W" controls the direction pf data flow 
through the bidirectional data bus by indicating that the current 
bus cycle Is a read (high) or write (low) cycle. 



DTACK-^Data Transfer Acknowledge. DTACK is an active 
low output that signals the completio n of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by the 
LNET after data has been provided on the data bus; during 
write cycles it is asserted after data has been acc epted a t the 
data bus. A pull up resistor is required to maintain DTACK high 
between bus cycles. 

DS^Data Strobe. During a write (R/W low), the DS positive 
transition latches data from the external data bus lines into the 
LNET During a read (R/W high), DS low enables data from the 
LNET onto data bus lines. 

IRQ— Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. 



lACK— Interrupt Acknowledge. The active low lACK input 
indicates that the cu n^ent bus cycle is an Interrupt acknowledge 
cycle. When lACK is asserted the LNET places an interrupt 
vector on the lower byte (D0-D7) of the data bus. 



PACK— DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 




DONE — Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or Is asserted by the LNET when either the last byte of receive 
data is transferred or a collision is detected during a transmission. 



RESET— Reset. The active lo vv. high impedance RESET input 
initializes all LNET functions. RESET must be asserted for at 
least 500 TXCLKs to initialize the LNET 



RXREQ — Receive DMA Request. When receive data becomes 
available in the RXFIFO, RXREQ output is asserted and held 
low for 1 6 (sing le address burst mode)" DMAC cycles (16 
sequential DACK pulses) or until the end of the receive block. 
When the last data byte of the receive bl ock is t ransferred, 
DONE is assert ed by th e LNET with the last PACK strobe and 
the negation of RXREQ. 



TXREQ— Transmit DMA Request. Whe n the Tr ansmitter 
Enable bit is set in Command Register 1, TXREQ output is 
asserted and hekj low f or 16 (s ingle address burst mode) DMAC 
cycles (16 sequential DACK pulses) or until the end of the 
transmit data block as signaled by the DMAC's assertion of 
DONE. 



MILOOP— Ml LqopbacK. With an active MILOOP output, the 
Ml shunts its LNET data-in path to its LNET data-out path, 
effectively routing the LNET TXDATA output into the LNET 
RXDATA input. 

RXDATA — Receive Data. The LNET receives serial data via 
the RXDATA input. The RXDATA input is shifted into the receiver 
on the positive going edge of RXCLK. 

RXCLK — Receive Clock. The free-running Receive Clock pro- 
vides the LNET with received data timing information. The pos- 
Itivie (low-to-high) clock ti'ansition enables an RXDATA bit into 
the LNET 

SENSE— Carrier Sense. The active high SENSE input indi- 
cates the presence of data on the RXDATA serial input line. 

SIGQUAL— Signal Quality. The assertion of the active high 
SIGQUAL input by the Ml indicates an error condition on the 
medium. During the transmission mode the LNET interprets this 
as a collision. 

TXEN — Transmit Enable. The active high TXEN output indi- 
cates to the Ml that data is present on the TXDATA output. 
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TXDATA — Transmit Data. The LNET transmits serial data on 
the TXDATA line. The TXDATA output changes on the positive 
going edge of TXCLK. 

TXCLK — Transmit Clock. The Transmit Clock input Is a free- 
running clock supplied by the Ml that provides both a system 
clock and a means of shifting out serial data bit on the TXDATA 
output line. 



ISOLATE— Isolate MAU. The active low ISOLATE output is 
asserted when the Isolate bit in Command Registe r 1 is set to 
1 to isolate the MAU from the medium. As long as ISOLATE is 
low, the MAU is unable to transmit or receive on the medium. 



MAUAVAIL— MAU Available. When the active low MAUAVAIL 
input is asserted, the transmission algorithm can proceed. 



MAUREO— MAU Request. The active low MAUREQ output is 
asserted prior to transmission if MAUAVAIL is not asserted. 

Nfcc— Power. 5 V ± 5%. 
GND — Ground. Ground. 

LNET REGISTERS 

The LNET contains three groups of registers accessible from 
the MPU bus which initialize the LNET, control and monitor 
LNET operation, and transfer data between the LNET and the 
MPU bus. These register groups, specific registers within each 
group, and the size, access and mode of each register are listed 
In Table 1 . 

AH registers, except the Mode Register, may be accessed either 
in the word or byte mode, depending on the MPU data bus 
length (8-bit or 1 6-blt) and the Word/Byte mode selected In bit 
4 of the Mode Register during initialization. In the word mode, 
two registers are read or written during one cycle with the least 
significant byte (D0-D7) accessed first. 



INITIALIZATION REGISTERS 

The initialization registers contain command information to con- 
figure the LNET for normal operation. The registers are the one- 
byte Mode Register (MR), the one-byte Interrupt Vector Number 
Register (I VNR) and the two- or six-byte Station Address Reg- 
ister (SAR). These registers must be loaded upon RESET (either 
caused by po wer lip o r initiated during normal operation) or upon 
setting of the RESET bit in Command Register 1 . Any of these 
conditions reset the LNET by clearing the Mode Register, Sta- 
tion Address Register, Command Registers and Status Regis- 
ters. The Interrupt Vector Number Register is auto-initialized to 
its default value of $0F. 

All initialization registers must be written to by the MPU instruc- 
tion sequence immediately after a reset in the manner decribed 
below even if no data is changed In a register. The number of 
bytes written depends upon the number of bytes in the Station 
Address as selected in bit 4 of the Mode Register. 

After the proper number of write cycles have been completed, 
the LNET Initialized bit In Status Register 1 is set and further 
MPU writes to the LNET will address only Command Register 
1 or Command Register 2. All MPU reads of the LNET after 
initialization is complete will access only Status Register 1 or 
Status Register 2. 

Initialization F'rocedure for 16-Bit MPU Bus 

Write cycle l^vy rite the Mode byte on the lower byte of the 
data bus D0-D7. The upper byte is not used and can contain 
any data. 

Write cycle 2— write the Interrupt Vector Number on the lower 
byte of the data bus D0-D7. The upper byte is not used and can 
contain any data. 

Write cycle 3 or write cycles 3 through 5 — write the one- or 
three-word Station Address (depending on the Station Address 
Size loaded into the Mode Register), least significant words first. 



Table 1. LNET MPU Bus Accessible Registers 



Register Group 


Register Name 


Size 
(No. Bytes) 


Access 


Reset 
Value 


Mode 


Initialization 
Registers 


Mode Register (MR) 


1 


CS = L, R/W = L (write one byte^) 


$00 


MPU Write 


Interrupt Vector Number Register (IVNR) 


1 


CS = L, R/W = L (write one byte^) 


$0F 


Station Address Register (SAR) 


2 or 6 


CS = L, R/W = L (write 1 or 3 
sequential words or 2 or 6 
sequential bytes) 


$00 


Operating 
Registers 


Cornmand Register 1(CR1) 
Cornrnand Register 2 (CR2) 


1 
1 


CS = L, R/W = L 


$00 


MPU Write 


Status Register 1 (SR1) 
Status Register 2 (SR2) 


1 
1 


CS = L,R/W = H 


$00 


MPU Read 


Data 
Buffers 


Transmit FIFO Register File (TXFIFO) 


32 


TXREQ = L 


$xx 


DMA Write 


Receive FIFO Register RIe (RXFIFO) 


32 


RXREQ = L 


$xx 


DMA Read 


Notes: 

1. Second byte of word Ignored. 

2. Second byte in word mode ignored. 
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Initialization Procedure for 8-Bit MPU Bus 

Write cycle 1— write tiie Mode byte on the data bus. 

Write cycle 2— write the Interrupt Vector Number on the data 
bus. 

Write cycles 3 through 4 or 3 through 8— write the two- or six- 
byte Station Address (depending on the Station Address Size 
loaded into the Mode Register), least significant bytes first. 

Mode Register (MR) 



Interrupt Vector Number Register (IVNR) 



7 6 5 


4 


3 


2 


1 





IFWT 


BYTE 


INTCOL 


DISRX 


NOLC 


SAS 



The Mode Register sets conditions during initialization for use 
during normal operations. It must be the first byte written during 
initialization. All mode bits are active high, i.e., = 1. All bits are 
cleared upon RESET or setting the RESET bit to 1 in Command 
Register 1 . 



MR IFWT — Interframe Wait Time 
7-5 No. of TXCLKs 

16 
32 
48 
64 
80 



000 
001 
010 
Oil 
100 
101 96 

110 112 

111 128 

MR 
4 BYTE —Data Bus Byte Mode 

Select word mode (for use with 16-bit MPU bus). 

1 Select byte mode (for use with 8-bit MPU bus). 



mr 



Interrupt Vector Number (IVN) 




If an interrupt condition occurs (as repo rted by bits in Status 
Register 1 and Status Regis ter 2) , IRQ is asserted to request 
MPU interrupt service. Upon JACK input assertion, the Interrupt 
Vector Number (IVN) from the Interrupt Vector Number Register 
(IVNR) is placed on the data bus (D0-D7). The IVN must be the 
second byte initialize d during LNET initialization. The IVN is set 
to $0F upon RESET or settihg the RESET bit to 1 in Command 
Register 1. 

Station Address Register (SAR) 



7 


6 


5 


4 3 


2 


1 





Station Address | 



The Station Address Register holds the Station Address for the 
Receiver Address Recognition circuitry. The Station Address 
bytes must be written to the LNET following the Interrupt Vector 
Number during the initialization sequence. Either two or six 
bytes must be written, least significant bytes first, depending on 
the Station Address Size loaded into the Mode Register. 

OPERATING REGISTERS 

The command or status registers are addressed during an MPU 
write or read, respectively, after initialization is complete as 
indicated by the LNET Initialized bit in Status Register 1 . In word 
mode, both command registers are written during one write 
cycle. Command Register 1 occupies the lower byte of the word. 
Likewise, while reading the status registers in word mode, Status 
Register 1 occ0pi6s the lower byte of the word. 



MR 

3^ INTCOL —Int errupt on Collision 

Assert only DO NE on c ollision. 

1 Assert IRQ and DONE on collision. 

MR 

2_ DISRX —Disable Receiver 

Enable receiver after each packet reception. 

1 Disable receiver after each packet reception. 

MR 
1 NOLC —No Length Count 

Use length count in packet format. 

1 Do not use length count in packet format. 

MR 

SAS —Station Address Size 

6-byte station address. 

1 2-byte station address. 



COMMAND REGISTERS 

Command Register 1 (CR1) 

Command Register 1 controls the operation of the LNET. All 
command bits are active high (i.e-, =1). 



RESET 



ENRX 



RECALL NOISOL 



MiLOOP 



1 



INLOOPODDND 



ENMAU 



CR1 
7 RESET —Reset 

Enable LNET operation. 

1 Reset LNET. 

Note: The RESET bit is automatically cleared to 

upon the completion of the rese t sequence. This 
bit is unaffected by the RESET pin level. 



1-119 



R68802 



Local Network Controller (LNET) 



CR1 

6. 



1 



ENRX —Enable Receiver after Packet Reception 

Disable receiver after packet reception. 
Enable receiver after packet receptbn. This bit must be 
set after each packet is received to enable reception of 
the next packet only if bit 2 in the Mode Register is set 
at initialization. Reception of the packet clears this bit. 

Note: This bit Is not used if t)it 2 In the Mode Register is 
not set at intitialization. 



CR1 
5 





1 



RECALL— Receive All Packets 

Receive only addressed packets. The address must 
correspond to the Station Address loaded into the Sta- 
tion Address Register upon Initialization. 
Receive all packets (regardless of address). 



CR1 
± NOISOL — No Isola te 

Assert ISOLATE to the Ml to request that the MAU iso- 
late itself from the medium. 



1 



Negate ISOLATE to the Ml to request that the MAU 
connect itself to the medium. 



CR1 
3, MILOOP — Manche ster Interface Loopback Test 

Negate MILOOP to command Ml normal operation. 

1 Assert MILOOP to command Ml loopback operation. 

CR1 
2_ INLOOP— Internal LNET Loopback Test 

Enable LNET normal opefration. 

1 Enable LNET internal loopback operation. 

CRT 
J[ ODONO —Odd Number of Bytes 

Transmit even number of bytes In a block. 

1 Transmit odd number of bytes In a block. 

CR1 

ENMAU —Enable M AUREQ 

Negat e MAUREQ . 

1 Assert MAUREQ. 

Command Register 2 (CR2) 



Reserved for future use 



This register not presently in use. When programming, $00 
should be written to CR2 to assure future software compatibility. 
In byte mode, $00 must be written to this register following the 
Command Register 1 write cycle. 

STATUS REGISTERS 

The two interrupt driven status registers report the status of the 
LNET receiver and transmitter operations. Status registers cannot 
be polled, they can only be read upon interrupt service by the 
MRU. Status is reported in either discrete or encoded bits. All 
discrete (or non-encoded) status bits are active high (I.e., = 1). 



A change In any of these status bits causes IRQ to be asserted 
(except as noted). Reading of the status registers resets the 
Individual bit or encoded field that caused the IRQ assertion and 
negates IRQ (except as noted). In the byte mode, both status 
registers must be read in consecutive read cycles. 



Status Register 1 (SRI) 



7 


6 5 4 


3 


2 1 


HRTBT 


TXSTAT 


ODD 


RXSTAT 



SRI 
7 HRTBT —Heartbeat Absent 

Heartbeat present. 

1 Heartbeat absent (part of the transmission algorithm is 
to listen for the heartbeat before posting transmit status. 
Set concurrent with the transmitter, status field.). The 
Heartbeat test checks the collision detection circuitry by 
listening for a "ping" within seven TXCLKs after the end 
of a transmission). 

SRI 

6-4 TXSTAT —Transmitter Status 

000 Transmitter Idle. 

001 Transmit successful. 

01 Collision (Ass ertion of SIGQUA L w ithin the first 512 bit 
times causes DONE, or DONE and IRQ, to be asserted 
depending on the state of MR bit 3). 

01 1 Signal Quality error (SIGQUAL asserted after the first 
512 bit times). 

100 Transmit retry count exceeded. 

101 Transmit buffer underflow during transmission (indi- 
cates the TXFIFO emptied between the 1 6th d ata byte 
delivered for transmission and the assertion of DONE). 

1 1 Transmit In progress (Indicates the real time activ ity of 
the TXDATA pin. This state does not set the IRQ bit in 
SR2 nor cause IRQ to be asserted. This bit pattern Is 
not reset to the transmitter Idle pattern upon reading 
SRI. 

1 1 1 MAUAVAIL changed statfe during transmission. 

SRI 
3^ ODD —Odd Number of Receive Bytes 

Even number of bytes In the receive packet. 

1 Odd number of bytes in the receive packet. 

SRI 

2-0 RXSTAT— Receiver Status 

000 Receiver idle. 

001 Receive successful. 

010 Minimum packet size error. 
Oil Receive buffer overflow. 

100 Frame terminated on a non-byte boundary error. 

101 Frame Check Sequence (FCS) error. 

1 1 Receive in progr ess (ind icates a valid address has been 
recognized and DONE has not been asserte d. T his 
state does not set the IRQ bit in SR2 nor cause IRQ to 
be asserted. This bit pattern is not reset to the receiver 
idle pattern upon reading SRI . 

1 1 1 Reserved 
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Status Register 2 (SR2) 



7 


6 


5 


4 


3 2 10 


IRQ 





IN IT 


MAU AVAIL 


COLCNT 



SR2 
1_ IRQ —Interrupt Request 

An interrupt condition has not occurred and IRQ has not 
been asserted. 

1 An interrupt condition has occurred and IRQ has been 
asserted. 

Note: This bit is cleared when SR2 is read and there is 
no pending interrupt condition. 

SR2 
6^ —Not used 

Always reads zero. 

SR2 
5_ INIT —LNET Initialized 

LNET initialization not complete. 

1 LNET initialization complete (set after the last station 
address byte has been written). 



Note: This bit is cleared upon RESET or RESET bit set 
in Command Register 1 . 

SR2 
A MAUAVAIL— MAU Available 

MAU is not available. 

1 MAU is available. 

Note: This bit is not cleared when SR2 is read. 

SR2 
3-0 COLCNT— Collision Count 

0000 Zero 



1111 Fifteen 



Note: Reset to zero when the enable MAUREQ bit is set 
in CR1. If Mode Register bit 3 is negated the 
changing count does not generate IRQ interrupts. 

TRANSMIT DATA BUFFER (TXFIFO) 

The Transmit data buffer is a 32-byte FIFO register file (TXFIFO) 
which can be loaded only by DMA service. One half of the 
TXFIFO loads data for transmission via the DMAC; the other 
half holds data currently being transmitted out serially on 
TXDATA. When the transmitting half is empty it becomes the 
loading half and the current loading buffer becomes the trans- 
mitting half. If the tra nsmitt ing buffer empties before the loading 
buffer is fully loaded, IRQ is asserted and the transmitter buffer 
underflow bit pattern (101) is set in Status Register 1. 

The time required to load half the transmitter buffer under DMAC 
control must be less than the time it takes to serialize out the 



transmitting half on TXDATA. From the assertion of TXREQ to 
the end of the 1 6th DMAC bus cycle, no more than 1 28 TXCLKs 
can elapse. - | 

RECEIVE DATA BUFFER (RXFIFO) | 

The Receive data buffer is a 32-byte FIFO register file (RXFIFO) 
which can be read only during DMA service. One half of the 
RXFIFO Is a receiving buffer for the data from the Serial-to- Par- 
allel Register; the other half is a reading buffer for the data ready 
to be transferred to the MRU bus. As soon as the receiving 
buffer is full, these two halves switched roles. If the re ceivin g 
buffer is fully loaded before the reading buffer is empty, IRQ is 
asserted and the receive buffer overflow bit pattern (011) is set 
in Status Register 1 . 

The time it takes to unload the reading buffer under DMAC con- 
trol must be less than the time it takes to load the receiving 
buffer from RXDATA. The loading time is 128 RXCLKs. 

INPUT/OUTPUT FUNCTIONS 

In addition to being directly compatible with the 68000 and the 
68008 MRU's, the LNET supports DMA transfers when used 
with the 68440, 68450, AMZ9516, or AMZ8016 DMA controller. 
The LNET also provides the necessary synchronous signals for 
interfacing to the Manchester Interface device. 

MPU INTERFACE 

Transfer of data between the LNET and the system bus involves 
the following signals: D ata Bus DO th r ough D15 and control sin- 
gals consisting of R/W, DTACK, CS, lACK, and DS. 

16-Bit MPU Interface 

When connecting the LNET to the 16-bit 680 00 MP U data bus, 
the LNET DS input is connected to the bus LDS line and the 
LNET D0-D15 data lines are connected to the bus D0-D15 data 
lines (see Figure 4). 

Bit 4 in the Mode Register, left in its default value of during 
initialization, selects the word mode. In the word mode, a read 
of both status registers performed with one word read cycle 
transfers Status Register 1 on D0-D7 and Status Register 2 on 
D8-D15. A write to the command registers is also accomplished 
in one cycle which transfers Command Register 1 on D0-D7 and 
Command Register 2 on D8-D1 5. 

8-Bit MPU Interface 

When connecting the LNET to the 8-bK 68008 MPU data bus, 
the DS input is connected to the bus DS line and the LNET DO- 
D7 data lines are connected to the bus D0-D7 data lines (see 
Figure 5). 

Bit 4 of the Mode Register set to 1 during initialization selects 
byte mode. In the byte mode, reading of the -status registers is 
performed with two consecutive byte read cycles to enable first 
Status Register 1 and then Status Register 2 onto D0-D7. 
Writing to the command registers also requires two consecutive 
byte write cycles with Command Register 1 transferred first fol- 
lowed by Command Register 2. 
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Read/Write Operation 

The R/W input controls the direction of data flow on the data 
bus. CS (Chip Select) enables the LNET for access to the 
internal registers and other operations. When CS is asserted 
the data I/O buffer acts as an output driver during a read oper- 
ation, and as an input buffer during a write operation. CS must 
be decoded from the address bus and gated with address strobe 
(AS). 

If the LNET is selected (CS = low) for a read (f=l/W = high), 
data is placed on the data bus from the status register when the 
PS is as serted. The LNET asserts Data Transfer Acknowledge 
(DTACK) concurrent with the output data. 

If the LNET is selected (CS = low) for a write (R/W = low), DS 
strobes data into the selected register and the LNET asserts 
DTACK immediately after DS is asserted. 

DMA INTERFACE 

During receiving or transmitting data from the MP U bus, the 
LNET asserts a receive or transmit re quest ( RXREQ or TXREQ) 
to the DMAC. A DMA a ck nowledg e (DACK) signal is assorted 
in response to RXREQ or TXREQ when the DMAC is ready to 
service the reque st. Bot h receive request and transmit request 
share the sam e PAC K pin; therefore, in the case of DMAC 
devices with a DACK for each channel, they must be ORed 
together externally. 

Transmit DMA Request 

In servicing the TXREQ, the DMAC writes to the TXFIFO a byte 
or a word at a time. The TXFIFO input pointer (TIP) is advanced 
and data latches on the rising edge of DS. 

Receive DMA Request 



In servicing the RXREQ, the DMAC reads from the RXFIFO a 
by te or w ord at a time. Data is enabled out on the falling edge 
of DACK and the RXFIFO output pointer (ROP) is advanced on 
the rising edge of PACK. The data lines are tri-stated following 
the rising edge of DACK. 



DONE 



DONE is a bidirectional signal line t o or fro m the DMAC. With 
the AMZ8016 and the AMZ9516, DONE auto-initializes the 
DMAC back to the start of the packet when a collision occurs 
during transmission. With the 68440, the D ONE out put is routed 
to the 68440's PCL input after gating with TXREQ line. For the 
68450 it is necessary for the MPU to reinitialize the DMAC on 
collision. 

INTERRUPTS 

The IRQ output asserts when there is status information avail- 
able after the completion of a transmit or receive transaction. 
The M PU gr ants the interrupt by asserting an interrupt acknowl- 
edge (lACK) signal and reads the interru pt vector when the 
LNET asserts data tr ansfe r ackn owle dge (DTACK). The sub- 
sequent negation of lACK and IRQ preceed MPU interrupt 
processing. 



MANCHESTER INTERFACE (Ml) SIGNALS 

The abbreviation Ml refers to the Manchester Interface com- 
ponent(s) necessary to interface the LNET to an IEEE 802.3 
specified Media Access Unit (MAU). 

SENSE (Sense Carrier) Input 

The Ml asserts SENSE when it has detected a change in Carrier 
Sense from no carrier present to carrier present. SENSE stays 
active as long as carrier is present and is negated when the 
carrier disappears. 



ISOLATE (Isolate Message Request) Output 

The LNET asserts ISOLATE to direct t he Ml to send an Isolate 
message to the MAU. When ISOLATE is negated, the Ml sends 
a Normal message to the MAU unless the LNET requires that 
the MAU request message be sent to permit data output. 



MAUREQ (MAU Request) Output 

The LNET asserts MAUREQ when CR 1 bit is active. MAUREQ 
stays active and a MAU request message is sent until the end 
of a packet transmission. 



MAUAVAIL (MAU Available) Input 



The Ml asserts MAUAVAI L when an MAU available message 
from the MAU is received. MAUAVAIL is negated when an MAU 
not available message is received from the MAU. 

SIGQUAL (Signal Quality) Input 

SIGQUAL is asserted by Ml when a Signal Quality Error Mes- 
sage is received from the MAU. 

TXEN (Transmission Enable) Output 

The LNET starts a transmission by asserting TXEN and outputs 
serial data on TXDATA which is Manchester encoded by the Ml. 
TXEN is active until the end of the transmission. 



RXCLK (Receive Clock) Input 

RXCLK shifts receive data into the LNET and is free running at 
1 MHz, or slower. 

TXCLK (Transmitter Clock) Input 

The TXCLK is a free running 10 MHz, or slower, clock used to 
clock data into the Ml and perform operations in the transmitter. 



MILOOP (Ml Loopback) Output 



The Ml LOOP output signals the Ml component(s) that the cur- 
rent data is a test frame and it is to be "looped back" to the 
LNET instead of being sent to the MAU. 
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LNET FUNCTIONAL DESCRIPTION 

The LNET transmits and receives serial data on an IEEE 802.3 
CSMA/CD Access Method defined communications medium 
and transfers parallel data to and from a host system under pro- 
gram or DMA control according to the IEEE 802.3 data link 
specification. 

Frame Format 

Serial data transfers synchronously between the LNET and the 
Ml within the frame structure for data communications using 
local area network media access control (MAC) procedures. 
Each MAC frame, or packet, consists of eight fields: Preamble, 
Start Field Delimiter (SFD), Destination Address, Source 
Address, Length Count, Data, Pad and Frame Check Sequence 
(FSC). Figure 3 illustrates the frame format. 

The Preamble consists of seven bytes of alternating 1's and O's, 
i.e., 1010... 1010. 

The Start Field Delimiter (SFD) consists of one byte of bit pat- 
tern 10101 01 1 immediately following the Preamble pattern which 
indicates the start of a valid frame. 

The Destination and Source Addresses are either two or six 
bytes in length. Addresses may be any one of the following 
three types: Station Address, Logical Group, or Broadcast. Log- 
ical Group and Broadcast Addresses are identified by a 1 in the 
first bit position received. The first bit of a Station Address is 0. 

The Length Count field is two bytes in length and specifies the 
Data field length (in an Ethernet application this field is the Type 
field and the Length Count field in the Mode Register must be 
initialized appropriately). 

The Data field can have a variable number of bytes. If the Data 
field is less than 46 bytes (in a six-byte address mode), or less 
than 54 (in a two-byte address mode), pad bytes are added to 
the frame on transmission to bring the overall packet size up to 
the minimum size of 72 bytes. The maximum Data field length 
must be programmed into the DMAC operating with the LNET. 

The Frame Check Sequence (FCS) field is four bytes in length. 

Frame Reception 

The Receiver consists of the following sections: Delimiter Rec- 
ognition, Receive CRC, Serial-to-Parallel Register, Receive 
Length Counter, Address Recognition, and a 32-byte FIFO reg- 
ister file (RXFIFO). These registers are all driven or loaded by 
RXCLK or a derivative. 

In the absence of serial input data from the network bus, the 



The assertion of SENSE defines the beginning of a frame. The 
rising edge of RXCLK enables SENSE and concurrently the first 
Preamble bit on RXDATA to the LNET The falling edge of 
RXCLK shifts the first bit of the Preamble into the Delimiter Rec- 
ognition logic and SENSE into the SENSE Detection logic. 
Delimiter Recognition is deferred for eight RXCLKS after the 
assertion of SENSE, to give the Ml unit time to synchronize on 
the Preamble. 

If sequential zeros are detected during the time the LNET is 
searching for the double ones delimiter, the packet's reception 
is aborted. 

The Preamble bits are shifted through the Delimiter Recognition 
logic without result. As the last bit of the Delimiter is shifted in, 
an internal signal is asserted. 

The data is then routed to the Receive CRC and the Serial-to- 
Parallel Register. The Byte Alignment and Odd/Even byte mon- 
itor is initialized, and a Byte Counter is started. 

At the appropriate byte count, the first byte of Destination Address 
is converted to parallel data, and compared with the first byte 
of Station Address and loaded into the RXFIFO. 

The RXFIFO Input Pointer (RIP) is then advanced by one. The 
next byte(s) of destination and source addresses are loaded in 
the same manner. As the two length count bytes are sent to the 
RXFIFO they are also loaded into the Length Counter. If this 
field Is non-zero it is decremented on each succeeding byte of 
the packet. 

The remainder of the first 1 6 bytes of the packet are loaded into 
the RXFIFO (unless the Length Counter reaches its terminal 
count or the packet terminates). 




With 16 bytes buffered, the RXFIFO is half full. RXREQ is now 
asserted, the receiving half of the buffer becomes the reading 
half, and the first 16 bytes of receive data are unloaded by 
advancing th e RXFI FO Output Pointer (ROP) as a function of 
the DMAC's DACK and DS signals. Meanwhile the empty, 
receiving half, of the RXFIFO continues to fill. 



As the 32nd byte of received data is loaded, RXREQ is asserted 
again and RIP proceeds to the just emptied reading buffer while 
DMA bus cycles unload the new reading buffer. 

The RXFIFO continues to load and unload in this manner 
throughout the duration of the packet's Data field. 

The position of RIP indicates when to load the Length Counter 
from the data stream, when to check for a valid address, when 



SENSE input from the Ml is inactive. The Receive Clock (RXCLK) 
is free running and the Receiver front end is idling. 


to assert or negate RXREQ and to flag an overrun of the receive 
DMA service. 


PREAMBLE 


START 
FIELD 
DELIMITER 
(SFD) 


DESTINATION 
ADDRESS 


SOURCE 
ADDRESS 


LENGTH 
COUNT 


DATA 


PAD 

A & K 


FRAME 
CHECK 
SEQUENCE 


7 
BYTES 


1 
BYTE 


2 OR 6 
BYTES 


2 OR 6 
BYTES 


2 
BYTES 

/TF^ MINIMI IM .- 


VARIABLE NO. 
OF BYTES 


4 
BYTES 


^^ 




F 


igureS. M> 
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The two-byte Length Counter is located either four or twelve 
bytes (depending on the address mode) after Valid Delimiter. 
The Length Counter is decremented every eight RXCLKs. When 
the Length Counter equals zero, indicating the end of the Data 
field, RIP is disabled and RXREQ asserts long enough to unload 
the last bytes. 

In the case of a normal termination of t he pack et, after the last 
bytes a re unlo aded, the LNET as serts DO NE concurrent with 
the last DACK strobe and negates RXREQ. The CRC Register 
continues to calculate over the Pad and Frame Check Sequence 
fields and the Byte Alignment Checker continues to run until 
packet end. The state of the Odd/Even byte checker is latched 
at the time of the Length Counter's terminal count. 

The end of the packet is recognized as follows. The last PCS 
bit shifts in as RXCLK goes low in the normal manner. Two 
RXCLKs later the negated value of SENSE shifts in. At the next 
rising edge of RXCLK the CRC syndrom is c ompared and the 
result is posted to Status Register 1 and IRQ is asserted. 

If, during the course of a reception, the Data byte count held 
by the system exceeds the maximum number (15 00 byte s for 
Ethernet), a maximum frame size error is flagged b y DONE from 
the DMAC. The LNET responds by negating RXREQ and 
clearing the status registers without generating an IRQ. 

Frame Transmission 

The Transmitter consists of the following: Parallel-to-Serial Reg- 
ister, Transmit Length Counter, 32-byte Transmitter FIFO reg- 
ister file (TXFIFO), Transmit CRC Generator, Preamble and 
Delimiter Generator, Jam Generator, Interframe Delay Counter, 
and the Binary Exponential Back-Off Counter. These sections 
are all driven by TXCLK or a derivation. 

Frame transmission commen ces with a MPU write to Command 
Register 1 setting the Enable MAUREQ bit. The L NET responds 
by asserting Transmit DMA Request (TXREQ). Under DMA 
control, 16 bytes are loaded from the MPU bus into the TXFIFO 
by advancing the TXFIFO Input Pointer (TIP) as a function of 
DACK and DS. The LNET then negates TXREQ until the first 
byte of this data has been serialized out. 

While the first 16 bytes are being loaded into the TXFIFO, the 
LNET is monitoring the SENSE input. Upon SENSE negation 
the Transmitter waits 96 TXCLKS (strict IEEE 802.3 or Ethernet 
application, otherwise the delay follows whatever is pro- 
grammed into Mode Register bits 5-7) and then serializes out 
the first byte of data on TXDATA if the TXFIFO is half full (if it 
is not half full yet, the LNET returns to monitoring SENSE). If 
SENSE Is active the LNET waits until it is negated and then 
starts the Interframe Delay Counter. 

At the terminal count of the Interframe Delay Counter the first 
preamble bits are shifted out under TXCLK control and the 
trans mitter be gins to monitor the SIGQUAL input. At the same 
time TXREQ is asserted again and another 1 6-byte data burst 
is transferred into the empty half of the TXFIFO. 

As the TXFIFO Output Pointer (TOP) advance s to the first byte 
of the most recently filled half of the buffer, TXREQ is again 
asserted to reload the half just emptied. 



Upon the assertion of the DONE input by the DMAC (at the time 
of the last byte or word transfer), the transmitter finishes seri- 
alizing the last bytes out, zeros the TXFIFO Input Pointer (TIP) 
and serializes the contents of the CRC Register out on TXDATA. 

If SIGQUAL is asserted by the Ml during the first 51 2 TXCLKS, 
the LNET assumes there has been a collision between its own 
transmission and that of another node in the network. The 
response of the LNET at its Ml interface is to abort the frame 
transmission after appending a Jam signal consisting of 48 
alternating zeros and ones to It. The Jam signal is sent when- 
ever the LNET has successfully contended for the medium and 
then has been interrupted in its transmission during the collision 
window. 



DMA TRANSFER MODES 

The response of the LNET at its MPU/DMAC interface to a col- 
lision is programmable to one of two modes in the Mode Reg- 
ister at initialization. 

This allows for the LNET to be used with DMACs of differing 
capabilities. Specifically, some DMACs need to be reinitialized 
by the MPU if they are to restart a block tr ansfer that has been 
aborted by a peripheral's assertion of a DONE and an IRQ. 
Others are capabl e of automatically re-starting a block by them- 
selves if a DONE is detected during a transfer. 



Mode One: Assert IRQ plus DONE On Collision. 

Assertion of S\GQ\JALduring the first 512 TXCLKS after trans^ 
mission begins sets the collision code (010) in the encoded 
Transmitter Status field in Status Register 1 and increme nts th e 
Collision Count field in Status Register 2 by one. Next, IRQ is 
asserted, and the Interrupt Vector Number from the Int errupt 
Vector Number Register is output on the data bus when lACK 
is asserted. 

The MPU processes the interrupt by reading the status registers 
to determine the cause of the interrupt and to clear the interrupt. 
The MPU then reinitializes the DMAC and reloads the first 16 
bytes of the aborted data packet into the TXFIFO. Meanwhile 
the LNET is sending the Jam signal followed by a delay interval 
determined by the Binary Exponential Back-off Counter. At the 
end of this time interval the LNET begins to transmit the preamble 
and delimiter again if the TXFIFO has been reloaded with the 
first 16 bytes of the packet. If the TXFIFO has not been reloaded 
by the time the Jam signal and the back-off delay interval are 
over, the LNET will wait for data. 



Mode Two: Assert only DONE On Collision. 

Upon the assertion of SIGQUA L dtyr/n g the first 512 TXCLKs, 
the LNET zero s the TIP , asserts DONE to the DMAC concurrent 
with the next DACK signal, i ncremen ts the retry count and 
remains in the transmit mode (TXREQ asserted, etc.), the Jam 
is sent, and the Back-off delay is observed. In the meantime, 
16 bytes of data are loaded into the TXFIFO by the DMAC. The 
packet is then transmitted as t)efore. 

If the Ml asserts SIGQUAL after the first 512 TXCLKs, IRQ is 
asserted and the Transmitter Status field in Status Register 2 
is set to 01 1 . 
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Figure 4. Typical interface to 68000-Based System 
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Figure 6. Manchester Interface Serial Receiver Timing 
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*IRQ assertion on collision not required— Bit 3 of the mode register 
(MR) determines whether or not IRQ asserts on collision. 

Figure 7. Manchester Interface Serial Transmitter Timing 
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Figure 8. LNET Read Cycle Timing 
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Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 



Figures. LNET Write Cycle Timing 
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Figure 10. LNET to Memory DMA Transfer Cycle Timing 
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Figure 11. Memory to LNET DMA Transfer Cycle Timing 
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Figure 12. Interrupt Request Cycle Timing 
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SPECIFICATIONS 



AC ELECTRICAL CHARACTERISTICS (Vcc = S.OVdc ± 5%. Vg = OVdc, Ta = to 70°C) 



Number 


Characteristic 


Symbol 


IMin 


Typ 


IMax 


Unit 


1 


Clock Period 


tcP 


90 




1000 


ns 


2 


Receive Clock Pulse Width 


tcFR 


45 




— 


ns 


3 


Receive Data/Sense Setup 


tfiXS 


. 30 




— 


ns 


4 


RXDATA, Sense Hold Time 


tfiXH 


20 




— 


ns 


5 


IRQ Delay from RXCLK 


tRID 







80 


ns 


6 


DS to IRQ Clear (Status Read) 


toiD 


50 




— 


ns 


7 


TXDATA/TXEN Delay (Cl = 35pF) 


tjXD 


20 




60 


ns 


8 


SIGQUAL Hold Time 


tcPH 







— 


ns 


9 


JRQ Delay from SIGQUAL Edge (Optional)* 


t|SD ! 









ns 


10 


MAU/MI Control Output Delay 


tMOD 







80 


ns 


11 


R/WHightoCS, DSLow 


fpHSL 







— 


ns 


12 


CS Low to DTACK Low 


tcLDAL 


20 


40 


80 


ns 


13 


C5, DSHighto R/WLow 


tsHRL 


20 




— 


ns 


14 


CS High to DTACK Tristate 


tSHDAT 


20 


40 


80 


ns 


15 


CS, DS Low to Data Valid 


tsLDV 







140 


ns 


16 


CS; DS High to Data Invalid 


tsHDI 


10 




150 


ns 


17 


R/W Low to CS, DSLow 


^RLSL 







— 


ns 


18 


CS.DS High to R/W High 


tSHRH 


20 




— 


ns 


19 


Data Valid to CS.DS High 


toVSH 


100 




— 


ns 


20 


CS, DS High to Data Invalid 


tsHDI 


10 




— 


ns 


21 


JACK Low to DTACK Low 


tiALAL 


20 


40 


80 


ns 


22 


lACK High to DTACK Tristate 


tiAHDAT 


20 


40 


80 


ns 


23 


lACK Low to Data Valid 


tiALDV 







140 


ns 


24 


DS High to Data Invalid 


tiSHDI 


10 




50 


ns 


25 


DACK Low to DONE/Data Valid 


toLDV 







50 


ns 


26 


DTACK High to DONE Invalid/Data 


toHDV 







40 


ns 


27 


DS Low to DACK High 


toLDH 







50 


ns 


28 


DS High to Data Invalid 


tSHDI 







40 


ns 


29 


Data Invalid to DS High 


toVSH 


65 




— 


ns 


30 


Clock Low to DONE (to LNET) Low 


tcLDL 







100 


ns 


31 


External DONE Pulse Width 


teopw 


70 




250 


ns 


32 


DACK Low to Internal DONE Low Delay 


toLID 






80 


ns 


33 


DACK High to Internal DONE High Delay 


tOHID 






80 


ns 


34 


DONE Low to RXREQ High 


toLRXH 




2 




RXCLK 


35 


DS High to IRQ High 


^DSHIH 




2 




RXCLK 


Note: 

*IRQ assertion on collision dependent on bit 3 of mode register (MR). 
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MAXIMUM RATINGS 



THERMAL CHARACTERISTICS 



Characteristics 


Symbol 


Value 


Supply Voltage 


Vcc 


-0.3 to + 7.0V 


Input Voltage 


V,N 


-0.3to+7.0V 


Operating Temperatures 


Ta 


to 70°C 


Storage Temperatures 


TsTG 


-55to+150°C 


Note: 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
normal precautions should be taken to avoid application of any 
voltage higher than maximum-rated voltages to this high-imped- 
ance circuit. Reliability of operation is enhanced if unused inputs 
are tied to an appropriate logic voltage level (e.g., either Vss or 
Vcc). 



Characteristics 


Symbol 


Value 


Rating 


Thermal Resistance 
Ceramic 
Plastic 


^JA 


50 
68 


°C/W 

°c/w 




DC ELECTRICAL CHARACTERISTICS (Vqc = S.OVdc ± 5%, Vss = OVdc, Ta = to 70°C unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input High Voltage 


V,H 


+2.0 


Vcc 


V 




Input Low Voltage 


V|L 


-0.3 


+0.8 


V 




Input Leakage Current 


■in 


— 


10 


mA 


V,N=0 to 5.25V 
Vcc = OV 


R/W, RESET CS 


Input Leakage Current for Three-State (Off) 
DTACK, D0-D15 


Its. 


— 


10 


/.A 


V,N=0.4to2.4V 
Vcc = OV 


Output High Voltage 


VoH 


+2.4 
+2.4 
+2.4 


- 


V 
V 
V 


Vcc = 4.75V 

•load = -400 ^A, Cload = 130 pF 
Iload = -400 /xA, Cload = 32 pF 
Iload = 0, Cload = 30 pF 


RXREO, TXREQ, DTACK. 


D0-D15, MILOOP, MAUREQ, ISOLATE 
TXEN, TXDATA 


Output Low Voltage 


Vol 


- 


0.5 
0.5 


V 
V 


Vcc = 4.75V 
1 load = 3.2 mA 

'load ~ ^-8 mA 


RXREQ, TXREQ, TXEN, TXDATA, DTACK, D0-D15 


MILOOP, MAUREQ, ISOLATE 
IRQ. DONE 


Power Dissipation 


Pint 


— 


1.0 


w 


Ta = 25°C 


Input Capacitance 


CjN 




13 


pF 


Vcc = 5.0V 
V,N = OV 
f = 1 MHz 
Ta = 25^0 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



L B 



dL. 



In" 



SEATING PLANE - 






40-PIN PLASTIC DIP 



r\r\rir\r\t^r\r\r\r\r\r\r\r\ryr\f^rir\i^ 



'v.'<v'vvij<«'iu'»u»ui«'u\;vv V V w uxi' 







mwwwi 




1 


mmf 


kJ 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0575 


0.605 


M 


0° 


10° 


0° 


10° 


N 


0.51 


1.52 


0.020 


0.060 



DIM 


MILLIMETERS 


INCHES 1 


MIN MAX 


MIN 


MAX 


A 


51.28 52.32 


2.040 


2.060 


B 


13.72 14.22 


0.540 


0.560 


C 


3.55 5.08 


0.140 


0.200 


D 


0.36 0.51 


0.014 


0.020 


F 


1.02 1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56, 


0.120 


0.140 


L 


15.24 BSC 


0:600BSC 1 


M 


T 


10° 


r 


10° 


N 


0.51 


1.02 


0.020 


0.040 
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R68C552 

DUAL ASYNCHRONOUS COMMUNICATIONS 

INTERFACE ADAPTER (DACIA) 




PRELIMINARY 



DESCRIPTION 



The Rockwell CMOS R68C552 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 16-bit microprocessor-based 
systems and serial communication data sets and modems. 

The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/1 6 times an external cloclc 
rate. The Receiver baud rate may deselected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 

The DACIA is designed for maximum programmed control from 
the microprocessor (MRU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. The DACIA also provides a unique, program- 
mable Automatic Address Recognition mode for use in a multi- 
drop environment. 

The Control Register and Status Register permit the MPU to 
easily select the R68C552's operating modes and determine 
operational status. 

The Interrupt Enable Registers (lER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. 

The Control and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTR 
and RTS output signals. 

The Status Register (SR) gives the MPU access to the state of 
the modem control lines, framing error, transmitter underrun and 
break conditions. 

The Compare Data Registers (CDR) hold the data value to be 
used in the compare mode. 

The IRQ Vector Register (IVR) holds the interrupt vector for use 
in the interrupt acknowledge state, or commands a Transmit 
Break and provides for parity/address recognition during Auto- 
matic Address Recognition mode. 

ORDERING INFORMATION 



Part Number: 

R68C552 



Package: 

C = Ceramic 
P = Plastic 



FEATURES 

• Low power CMOS N-well silicon gate technology 

• Two independent full duplex channels with buffered receivers 
and transmitters. 

• Data set/modern conti"o[ functions 

• I nternal baud rate generator with 1 5 programmable baud rates 
(50 to 38,400) 

• Program-selectable internally or externally controlled receiver 
rate 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Programmable control of edge detect for DCD, DSR, DTR, 
RTS, and CTS 

• Program-selectable serial echo mode for each channel 

• Automatic Address Recognition mode for multi-drop operations 

• 5.0 Vdc ±5% supply requirements 

• 40-pin plastic or ceramic DIP 

• Full TTL or CMOS input/output compatibility 

• Compatible with R68000 microprocessor family 



DTACK 

XTALI 

XTALO 

CL K OUT 

1ACK2 

PSR2 

PCD2 

CTS2 

RTS2 

IRQ2 

RxD2 

DTR2 

TxD2 

TxC 

D7 

D6 

D5 

D4 
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40 


2 


39 


3 


38 


4 


37 
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36 
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Figure 1 . R68C552 Pin Configuration 
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Dual Asynchronous Communications Interface Adapter (DACIA) 



INTERFACE SIGNALS 

Figure 2 shows the DACIA interface signals associated with the 
microprocessor ^nd the modem. 



DATA BUS (D0-D7) 

The D0-D7 pins are eight data lines that transfer data between 
the microprocessor (MPU) and the DACIA. These lines are bidirec- 
tional and are normally high-impedance except during READ cycle 
when the DACIA is selected. 



REGISTER SELECTS (RSO, RSI, RS2) 

The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU to select the various inter- 
nal registers. Table 1 shows the internal register select coding 
and identifies the abbreviations (ABBR) used throughout the text 
for each register. Table 2 summarizes the control and status 
registers and shows each bit allocation. 



READ/WRITE (R/W) 

The R/W input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W line indicates a read 
cycle, while a low indicates a write cycle. 



CHIP SELECT (CS) 

The chip select input Is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W Inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 



RESET (RES) 

During system initialization a low level on the RES input caus es a 
RES ET to occur. At this time the lER's are set to $80, the DTR and 
RTS lines go to the high state, the RDR register is cleared, 
the IVR is se t to $0F, the compare mode is disabled, and the CTS, 

DCD, DSR flags are cleared. No other bits are affected. 

TRANSMIT DATA (TXD1, TXD2) 

The TxD outputs transfer serial non-return to zero (NRZ) data to 
the data communications equipment (DCE). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 

RECEIVE DATA (RXD1, RXD2) 

The RxD inputs transfer serial NRZ data into the DACIA from the 

DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator. 



CLEAR TO SEND (CTS1 , CTS2) 

The C TS co ntrol line inputs allow handshaking by the transm itter. 
When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 
The word presently in the Tra nsmit Shift Register i s sent normally. 
Any active transition on th e CTS lines sets the CTS bit in the 
appropriate ISR. The C TS sta tus bit in the SR reflects the cur- 
rent high or low state of CTS. 



DATA CARRIER DETECT (DCD1, DCD2) 

These two lines ma y be u sed as general purpo se inp uts. An active 
transition sets the DCD bit in t he ISR . The DCD bit in the SR 
reflects the current state of the DCD line. 



R68000 
BUS 



IACK1 



IRQ1 



R/W- 

cs - 

RES - 
DTACK ' 
RSO ■ 
RS1 ■ 
RS2 ■ 



IRQ2 -*- 



IACK2 - 



IACK1 
LOGIC 



ACIA1 

INTERRUPT 

LOGIC 



I/O CONTROL 

AND 

REGISTER 

SELECT 

LOGIC 



DATA 

BUS 

BUFFERS 



ACIA2 

INTERRUPT 

LOGIC 



IACK2 
LOGIC 



DTACK 
LOGIC 



DATA 
I/O 
MUX 



ACIA1 
REGISTERS 

AND 
CONTROL 

LOGIC 



ACIA1 BAUD 
RATE SELECT 



CLOCK 
LOGIC 



ACIA2 BAUD 
RATE SELECT 



ACIA2 
REGISTERS 

AND 
CONTROL 

LOGIC 



CTS1 
DCD1 
DSR1 
RxD1 

> TxD1 
DTR1 

■ RTS1 



. RTS2 
. DTR2 
>TxD2 
RxD2 
DSR2 
DCD2 
CTS2 



ACIA 
CHANNEL 1 



RxC 
. XTALI 
CLKOUT 
XTALO 
TxC 



ACIA 
CHANNEL 2 



Figure 2. DACIA Interface Signals 



1-136 



R68C552 



Dual Asynchronous Communications Interface Adapter (DACIA) 



DATA SET READY (DSR1 , DSR2) 

These two lines ma y be u sed as general purpo se inp uts. An active 
transition sets the DSR bit in t he IS R. The DSR bit in the SR 
reflects the current state of the DSR line. 



REQUEST TO SEND (RTS1, RTS2) 

These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting t he appropriate bits in t he CF R high or low. The state of the 
RTS line is reflected by the RTS bit in the SR. 



DATA TERMINAL READY (DTR1 , DTR2) 

These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting t he appropriate bits in t heCF R high or low. The state of the 
DTR line is reflected by the DTR bit in the SR. 



INTERRUPT REQUEST (IR01, IRQ2) 

The I RQ lin es are open-drain outputs fr om the interrupt control 
logic. IRQ1 is associated with ACIA1 and IRQ2 is associated with 
ACIA2. These lines are normally high but go low when one of the 
flags in the ISR is set, provided that its corresponding enable bit 
is set in the lER. 

CLOCK CIRCUIT 

The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
(RxC) and Transmitter External Clock (TxC) input pins. Figure 3 
shows the three possible clock configurations. 



CRYSTAL (XT ALI, XTALO) 

These pins are normally connected to an external 3.6864 MHz 
crystal used as the time base for the baud rate generator. As an 
alternative, the XTALI pin may be driven with an externally 
generated clock in which case the XTALO pin must float. 



RECEIVER CLOCK (RxC) 

This pin is the Receiver 1 6x clock input when the baud rate gen- 
erator is programmed for External Clock. Figure 1 5 shows tim- 
ing considerations for RxC. 



TRANSMITTER CLOCK (TxC) 

This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for External Clock. Figure 1 6 shwos tim- 
ing considerations for TxC. 



Note 

When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must be 
left open (floating). 



CLOCK OUT (CLK OUT) 

This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 




RECEIVER 
EXTERNAL zkr 
CLOCK 

TRANSMITTER 
EXTERNAL 
CLOCK p 

OPEN 




EXTERNAL 
CIRCUIT CLOCK 



15-20 pF 

3.6864 MHz r^ 
CRYSTAL □ 

15-20 pF^ 



XTALI 



XTALO 



EXTERNAL 
CLOCK *^ 



OPEN o- 
CIRCUIT 



XTALI 



XTALO 



INTERNAL 
CLOCK 



EXTERNAL 
CLOCK 



Figure 3. DACIA Clock Generation 
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Figure 4. DACIA Block Diagram 
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FUNCTIONAL DESCRIPTION 

Figure 4 is a block diagram of the DACIA wliich consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 

DATA BUS BUFFER 

The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from thejnternal data 
bus to the sy stem data lines. When RA/V iS high, CS is high, and 
either lACK line isjow, the IRQ vector is passed to the system 
data bus. When R/W is low and CS is low, data is brought into the 
DACIA from the system data bus. The following table summarizes 
the Data Bus Buffer states. 

Data Bus Buffer Summary 





Control Signals 


Data Bus Buffer State 


R/W 


CS 


lACKI 


IACK2 




L 


L 




ILLEGAL MODE - TRI STATE 




L 


L 




ILLEGAL MODE — TRI STATE 




L 


H 




ILLEGAL MODE — TRI STATE 




L 


H 




WRITE MODE - TRI STATE 




H 


L 




ILLEGAL MODE — TRI STATE 




H 


L 




ILLEGAL MODE - TRI STATE 




H 


H 




ILLEGAL MODE — TRI STATE 




H 


H 




TRI STATE 


H 


L 


L 




ILLEGAL MODE - OUTPUT $0F 


H 


L 


L 




ILLEGAL MODE - OUTPUT $0F 


H 


L 


H 




ILLEGAL MODE - OUTPUT $0F 


H 


L 


H 




READ MODE -^OUTPUT DATA 


H 


H 


L 




ILLEGAL MODE - OUTPUT $0F 


H 


H 


L 




OUTPUT IRQ VECTOR 1 


H 


H 


H 




OUTPUT IRQ VECTOR 2 


H 


H 


H 


H 


TRI STATE 



TRANSMIT AND RECEIVE DATA REGISTERS 

These registers are used as temporary data storage for the DACIA 
Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: 

• Bit is the leading bit to be transmitted. 

• Unused data bits are the high-order bits and are "don't care" 
for transmission. 

• Write-Only Register. 

The Receive Data Register is characterized in a similar fashion 
as follows: 



Bit is the leading bit received. 

Unused data bits are the high order bits and are "0" for the 

receiver. 

Parity bits are not contained in the Receive Data Register, but 

are stripped off after being used for external parity checking. 

Parity and all unused high-order bits are "0". 

Read-only Register 



Figure 5 shows an example of a single transmitted or received 
data word . In this example, the data word is formatted with 8 data 
bits, parity, and two stop bits. Figure 5 also shows a single 
character transmitted or received in Address Recognition mode. 
In this example, the address or data word is 8 bits, there is no 
parity bit, and there are two stop bits. The 1 0th bit, (normal parity 
bit) is an address/data indicator bit. A 1 means the 8 bits are an 
address that will be compared with the address stored in the Com- 
pare Data Register. A means the 8 bits are data. 
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Figure 5. Typical Data Word 

INTERRUPT LOGIC 

The interrupt logic causes the IRQ tines (IRQ1 or IRQ2) to go low 
when conditions are met that require the attention of the MRU. 
There are two registers (the Interrupt Enable Register and the 
Interrupt Status Register) involved in the control of interrupts in 
the DACI A. Co rresponding bits in both registers must be set to 
cause an IRQ. 

INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) is a write-only register that 
allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the lER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the lER with bit 7 set to a and every bit 
set to a 1 that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which a is written is unaffected and remains 
in its original state. As an example, writing $7F to the lER will 
disable all IRQ source bits, but writing $FF tothe lER will enable 
all IRQ source bits. A hardware reset (RES) clears all IRQ 
source bits to the state. Bit assignments for the lER are as 
follows: 



7 


6 


5 


4 


3 


2 


1 





CLEAR/ 
SET 
BITS 


TDR 

EMPTY 

IE 


CTS 
IE 


DCD 
IE 


DSR 
IE 


PARITY 

ERROR 

IE 


FRM 

OVR 

BRK 

IE 


RDR 

FULL 

IE 



1-139 



R6aC552 



Dual Asynchronous Communications Interface Adapter (DACIA) 



Table 1 . DACIA Register Selection 



HEX 


REGISTER SELECT 
LINES 


CONTROL & FORMAT 
REGISTER BITS 


REG 


REGISTER ACCESS 


00 


L 


L 


L 


,.,— 


— 


IER1 
ISR1 


INTERRUPT ENABLE 
REGISTER 1 


INTERRUPT STATUS 
REGISTER 1 


01 


L 


L 


H 





— 


CFR1 
SRI 


CONTROL 
REGISTER 1 


STATUS 
REGISTER 1 


1 


— 


CFR1 


FORMAT 
REGISTER 1 


INVALID 


02 


L 


H 


L 







CDR1 


COMPARE 

DATA 
REGISTER 1 


INVALID 




1 


IVR1 


IRQ 
VECTOR 1 


INVALID 


03 


L 


H 


H 


— 


— 


TDR1 
RDR1 


TRANSMIT DATA 
REGISTER 1 


RECEIVE DATA 
REGISTER 1 


04 


H 


L 


L 


— 


— 


IER2 
ISR2 


INTERRUPT ENABLE 
REGISTER 2 


INTERRUPT STATUS 
REGISTER 2 


05 


H 


L 


H 





— 


CFR2 
SR2 


CONTROL 
REGISTER 2 


STATUS 
REGISTER 2 


1 


— 


CFR2 


FORMAT 
REGISTER 2 


INVALID 


06 


H 


H 


L 


" 





CDR2 


COMPARE 

DATA 
REGISTER 2 


INVALID 


— 


1 


IVR2 


IRQ 
VECTOR 2 


INVALID 


07 


H 


H 


H 




— 


TDR2 
RDR2 


TRANSMIT DATA 
REGISTER 2 


RECEIVE DATA 
REGISTER 2 



Table 2. Control and Status Registers Forriiat Summary 
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IE 


CTS 
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IE 


DSR 
IE 


PARITY 
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IE 
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BRK 

IE 


RDR 

FULL 

IE 


ANY 
BIT 
SET 


TDR 
EMPTY 


CTS 
TRANS 


DCD 
TRANS 


DSR 
TRANS 


PARITY 
ERROR 


FRM 
OVR 
BRK 


RDR 
FULL 


FRAMING 
ERROR 


TRANS 
UNDR 


CTS 
STATUS 


DCD 
STATUS 


DSR 
STATUS 


REC 
BREAK 


DTR 
STATUS 


RTS 
STATUS 





IVR/CDR 
REG 


NO. 
STOP 
BITS 


ECHO 


BAUD RATE SELECTION 


1 


NUMBER OF 
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PARITY 
ENABLE 
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IRQ VECTOR ADDRESS 
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INTERRUPT STATUS REGISTER (ISR) 

The Interrupt Status Register (ISR) is a read-only register that 
Identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through of the ISR are set to a 1 whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. 
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2 


1 





ANY 
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SET 


TDR 
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CTS 
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DCD 
TRANS 


DSR 
TRANS 


PARITY 
ERROR 
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RDR 
FULL 



Bit 7 Any Bit Set 

1 Any bit (6 through 0) has been set to a 1 

No bits have been set to a 1 

Bit 6 Transmit Data Register Empty (TDR EMPTY) 

1 Transmit Data Register has been transferred to 
the shift register 

New data has been written to the Transmit Data 
Register 

Bit 5 Transition On CTS Line (CTS TRANS) 

1 A pos itive or negative transition has occurred on 
CTS 

No transition has occurred on CTS, or ISR has 
been read 

Bit 4 Transition On DCD Line (DCD TRANS) 

1 A pos itive or negative transition has occurred on 
DCD 

No transition has occurred on DCD, or ISR has 
been read 

Bit 3 Transition On DSR Line (DSR TRANS) 

1 A pos itive or negative transition has occurred on 
DSR 

No transition has occurred on DSR, or ISR has 
been read 

Bit 2 Parity Error 

1 A parity error has occurred In received data 

No parity error has occurred, or the Receive 
Data Register (RDR) has been read 

Bit 1 Frame Error, Overrun or Breaic (FRIM, OVR, 

BRK) 

1 A framing error, receive overrun, or receive 
break has occurred 

No error, overrun, breal< has occurred or RDR 
has been read 

Bit Receive Data Register Fuii (RDR FULL) 

1 Shift register data has been transferred to 
Receive Data Register 

Receive Data Register has been read 



INTERRUPT VECTOR REGISTER (IVR) 

The DACIA has two Interrupt Vector Registers which are write-only 
registers. By storing the appropriate vector address number in bits 
7 through 2 of the IVR, the DACIA will place the vector on the data 
bus when requested by the lACK signal. In this mode, bits 1 and 
Identify the source of the IRQ. 

Note: In order for the IVR Vector Address to be recognized, bit 6 
of the CFR must be a 1 . 

During the Transmit Receive mode, bits 7 through 2 are not used 
and are treated as "don't care" bits. In this mode, bits 1 and 
are used for Transmit Break and Parity/Address recognition. 

Writing a 1 to bit 1 of the IVR causes a continuous Break to be 
transmitted by the ACI A associated with the register. Writing a to 
this bit allows normal transmission to resume. Writing a 1 to bit 
of the IVR commands the value of the Parity bit to be sent to the 
Parity Error bit (bit 2 of the ISR). Writing a to this bit all ows normal 
Parity Error recognition to be In force. When an RES Is received 
by the DACIA, both of these bits are reset to 0. The bits format for 
the IVR are as follows: 




7 6 5 4 3 2 


1 


IRQ VECTOR ADDRESS 


IRQ SOURCE 


NOT USED 


TRANS 
BRK 


PAR/ 
ADDR 



Interrupt Acknowledge Mode (lA Mode) 
Bits 7-2 IRQ Vector Address 

Bit 1 IRQ Source Channel 

1 ACIA1 selected 

ACIA2 selected 

Bit IRQ Source 

1 Other IRQ (CTS, DCD, DSR, Parity, Break, OV) 

Transmit or Receive IRQ 

Transmit/Receive Mode (T/R Mode) 
Bits 7-2 Not used (don't care) 

Bit1 Transmit Breaic (TRANS BRK) 

1 Transmit continuous Break until disabled 

Resume normal transmission 

Bit Parity/Address Recognition (PAR/ADDR) 

1 Send value of parity to ISR bit 2 (Address 
Recognition mode) 

Return to normal Parity Error recognition mode 

COMPARE DATA REGISTER 

The Compare Data Register (CDR) is a write-only register which 
can be accessed when CFR bit 6 = 0. By writing a value Into the 
CDR, the DACIA Is put in the compare mode. In this mode, set- 
ting of the RDRF bit is inhibited until a character Is received which 
matches the value in the CDR. The next character Is then received 
and the RDRF bit is set. the receiver will now operate normally 
until the CDR is again loaded. 
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STATUS REGISTER (SB) 

The Status Register (SR) Is a read-only register that provides I/O 
status and error condition information. The SR Is normally read 
after an IRQ has occurred to determine the exact cause of the 
interrupt condition. 



7 


6 


5 


4 


3 


2 


1 





FRAMING 
ERROR 


TRANS 
UNDR 


CTS 
STATUS 


DCD 
STATUS 


DSR 
STATUS 


REC 
BREAK 


DTR 
STATUS 


RTS 
STATUS 



Bit 7 

1 



Framing Error 

A framing error occurred in receive data 
No framing error occurred, or the RDR was 
read 


Bite 

1 




Transmitter Underrun (TRANS UNDR) 

Transmit shift register is empty and TDRE bits 

In lER and ISR are set 

A write to the TDR has occurred 


Bits 

1 




CTS Status 

CTS line high 
CTS line low 


Bit 4 

1 



DCD Status 

DCD line high 
DCD line low 


Bit 3 

1 



DSR Status 

DSR line high 
DSR line low 


Bit 2 

1 



REC Break 

A Receive Break has occurred 

No Receive Break occurred, or RDR, was read 


Biti 

1 



DTR Status 

DTR line high 
DTR line low 


BitO 

1 



RTS Status 

RTS line high 
RTS line low 



CONTROL AND FORMAT REGISTER (CFR) 

The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/IVR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit 7 = 1 , the 
CFR operates as a Formal Register. 



Control Register (CFR Addressed with Bit 7 = 0) 


7 


6 


5 


4 


3 2 1 





IVR/CDR 


NO. 
STOP 
BITS 


ECHO 


BAUD RATE SELECTION 





Bits 




Number of Stop Bits 










Two stop bits 









One stop bit 




Bit 4 




Echo Selection (ECHO) 










Echo activated 









Echo deactivated 




Bits 3-0 


Baud Rate Selection 


3 


2 


1 





Baud Rate 














50 













109.2 













134.58 












150 





1 








300 





1 







600 





1 







1200 





1 






1800 













2400 












3600 












4800 











7200 




1 








9600 




1 







19200 




1 







38400 




1 






External TxC and RxC Clocks 



Format Register (CFR Addressed with Bit 


7=1) 


7 


6 5 


4 3 


2 


1 





1 


NUMBER 

OF DATA 

BITS 


PARITY 
SELECTION 


PARITY 
ENABLE 


DTR 
CONTROL 


RTS 
CONTROL 



Bite IVR/CDR 

1 Access the IRQ Vector Register (IVR) 

Access the Compare Data Register (CDR) 



Bits 6-5 Number of Data Bits Per Channel 

6 5 No. Bits 

5 

16 

1 7 
1 1 8 

Bits 4-3 Parity IMode Selection 

4 3 Selects 

Odd Parity 

1 Even Parity 

1 Mark Parity 

1 1 Space Parity 

Bit 2 Parity Enable 

1 Parity as specified by bits 4-3 

No Parity 

Bit 1 DTR Control 

1 DTR high 

DTR low 

Bit RTS Control 

1 RTS high 
RTS low 
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OPERATION 

The ten modes (or conditions) of operation of the DACIA are: 

• Continuous Data Transmit 

• Continuous Data Receive 

• Transmit Underrun Condition 

• Effects of CTS on Transmitter 

• Effects of Overrun on Receive 

• Echo Mode Timing 

• Framing Error 

• Transmit Break Character 

• Receive Breal< Character 

• Automatic Address Mode 



CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the TDRE bit in the ISR signals 
the MPU that the DACIA is ready to accept the next data word. 
An IRQ occurs if the corresponding TDRE IRQ enable bit is set 
in the lER. The TDRE bit is set at the beginning of the start bit. 
When the MPU writes a word to the TDR the TDRE bit is cleared. 
In order to maintain continuous transmission the TDR must be 
loaded before th e stop bit(s) are ended. Figure 6 shows the rela- 
tionship between IRQ and TxD for the Continuous Data Transmit 
mode. 
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Figure 6. Continuous Data Transmit 



CONTINUOUS DATA RECEIVE 

Similar to the continuous data transmit mode, the normal receive 
mode sets the RDRF bit in the ISR when the DACIA has received 



a full data word. This occurs at about the 9/16 point through the 
stop bit. The processor must read the RDR before the next stop 
bit, or an ove rrun error occurs. Figure 7 shows the relationship 
between IRQ and RxD for the continuous Data Receive mode. 
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Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION 

If the MPU is unable to load the TDR before the last stop bit is 
sent, the TxD line goes to the MARK condition and the underrun 



flag is set. This condition persists until the TDR is lo aded with a 
new word. Figure 8 shows the relation between IRQ and TxD for 
the Transmit Underrun Condition. 
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DATA REGISTER EMPTY 



Figure 8. Transmit Underrun Condition Relationship 



EFFECTS OF CTS ON TRANSMITTER 

The CTS control line controls the transmission of data or the hand- 
shaking of data to a "busy" device (such as a printer). When the 
CTS line is low, the trans mitter operates normally. Any transition 
on this line sets the CTS bit in the ISR. A high condition inhibits 



the TORE bit in the ISR from becoming set. The word currently 
in the shift regis ter continues to be sent but any word in t he TD R 
is held until CTS goes low. At the high-to-low transition the CTS bit 
in the ISR is ag ain set. Figure 9 show s the relationship of IRQ, 
TxD, and CTS for the effects of CTS on the transmitter. 
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Figure 9. Effects of CTS on Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 

If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the 
ISR, and the new data word is not transferred to the RDR. The 



RDR contains the last word not read by the MPU and all follow- 
ing data is lost. The receiver will return to norma l ope ration when 
the RDR is read. Figure 1 shows the relation of IRQ and RxD for 
the effects of overrun on the receiver. 
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Figure 10. Effects of Overrun on Receiver 



ECHO MODE TIMING 

In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 



mal transmit mode if TORE occurs (indicating end of data) an 
underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Marl< will not be transmitted. Figure 1 1 shows the 
relationship of RxD and TxD for Echo Mode. 
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Figure 1 1 . Echo Mode Timing 
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FRAMING ERROR 

Framing error is caused by the absence of stop bit(s) on received 
data. The framing error bit is set when the RDRF bit is set. Subse- 



quent data words are tested separately, so the status bit always 
reflects the last data word received. Figure 1 2 shows the relation- 
ship of IRQ and RxD when a framing error occurs. 
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Figure 12. Framing Error 



TRANSMIT BREAK CHARACTER 

A Break may be transmitted by storing a value of $00 in the lER. 
After storing zero in the lER the Break is transmitted immediately. 
Care should be exercised so that a character in transmission is 
not disturbed inadvertently. The Break level lasts until other than 



$00 is stored in the lER at which time a stop bit is sent and 
transmission may resume. At least one full word time of Break 
will be sent regardless of the length of time between starting and 
st oppin g the Break character. Figure 13 shows the relationship 
of IRQ and TxD for a Transmit Break character. 
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Figure 13. Transmit Break Character 
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RECEIVE BREAK CHARACTER 

In the event that a Break character is received by the receiver, 
the Break bit is set. The receiver does not set the RDRF bit and 



remains in this state until a stop bit is received. At this time the 
next character is to be received normally. Figure 14 shows the 
relationship of IRQ and RxD for a Receive Break Character. 
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Figure 14. Receive Break Character 



AUTOMATIC ADDRESS RECOGNITION 

The DACIA offers a unique solution to the standard problem 
associated with multi-drop environment UARTs and communica- 
tion interface controllers. In the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheme can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
"wake-up" it's CPU for every character sent down the network 
by the master. The end results is that the CPUs on the com- 
munications net are constantly being interrupted for the mundane 
task of address recognition. 



To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA has determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (i.e., the data 



characters). When all data has been received by the slave, it's 
CPU must again write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control 
Register, as shown in Table 4. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be generated. 

These can be determined by: 



Baud Rate = 



Crystal Frequency 
Divisor 



Furthermore, it is possible to drive the DACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 3) 
must be the clock input and XTALO (pin 4) must be a nonconnect. 
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Table 4. Divisor Selection 



Control 

Register 

Bits 


Divisor Selected 

For The 
Internal Counter 


Baud Rate Generated 

Witli 3.6864 MHz 

Crystal 


Baud Rate Generated 

With a Crystal 

of Frequency (f) 


3 2 10 





73,728 


(3.6864 X 10«)/73,728 = 50 


f/73,728 


1 


33,538 


(3.6864 X 10«)/33,538 = 109.92 


f/33,538 


1 


27,408 


(3.6864 X 10<')/27,408 = 134.58 


f/27,408 


1 1 
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(3.6864 X 10«)/24,576 = 150 
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10 
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10 1 
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11 
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1 1 1 
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Figure 15. DACIA External Clock Timing -*- Receive Data 
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Figure 16. DACIA External Clock Timing — Transmit Data 
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DACiA Read Cycle Timing 
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SPECIFICATIONS 

AC CHARACTERISTICS 

(Vcc = 5 Vdc ± 5%, Vss = Vdc, T^ = Tl to Th, unless otherwise noted) 




Number 



Characteristic 



Symbol 



Min. 



Max. 



Unit 



READ/WRITE TIMING 



R/W, RS0-RS2 Valid to CS Low (Setup) 



tRVCL 



CS Low to R/W, RS0-RS2 Read 
(Hold Time) 



tcLRV 



65 



CS Low to Data Valid 



klLDV 



100 



CS High to DTACK High 



tcHTH 



10 



Data Valid to SS High 



20 



CS High to Data Invalid (Read) 



tCHDZ 



10 



30 



CS High to Data Invalid (Write) 



kjHDZ 



40 



CS Low to DTACK Low (Write) 



tcLTL 



Data Valid to DTACK Low (Read) 



TRANSMIT/RECEIVE TIMING 



10 



Transmit/Receive Clock Rate 



tcY 



250 



Transmit/Receive Clock High 



tcH 



100 



Transmit/Receive Clock Low 



100 



13 



XTALI to TxD Propagation Delay 



tCLTD 



250 



14 



XTALI to IRQ Propagation Delay 



tcLID 



250 



CTS, DCD, DSR Valid to IRQ Low 



tsviL 



150 



16 



IRQ Propagation Delay (Clear) 



tiRQC 



150 



17 



RTS, DTR Propagation Delay 



150 



INTERRUPT ACKNOWLEDGE TIMING 


18 


JACK Low to Data Valid 


t|LDV 


- 


100 


ns 


19 


JACK Low to DTACK Low 


t|LTL 





- 


ns 


20 


JACK High to DTACK High 


t|HTH 





— 


ns 


21 


lACK High to Data Invalid 


t.HDZ 


10 


30 


ns 
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ABSOLUTE MAXIMUM RATINGS* 





Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0-3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0-3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto+70 
-40 to +85 


OQ 


Storage Temperature 


TSTG 


-55 to +150 


oQ 


OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


to yp^c 

-40oCto +85*'C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not Implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC CHARACTERISTICS 

(Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to T^, unless otherwise noted) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input High Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


V|H 


+ 2.0 
+ 2.4 


- 


Vcc + 0.3 
Vcc + 0.3 


V 




Input Low Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


V,L 


-0.3 
-0.3 


- 


+ 0.8 
+ 0.4 


V 




Input Leakage Current 
RM, RES, RSO, RS1, RS2, RxD, CTS. DCD. DSR. RxC, 
TxC. CS, lACK 


i|N 


- 


10 


50 


A^A 


V,N = OV to 5.0V 
Vcc = 5.25V 


Input Leakage Current for Three-State Off 
D0-D7 


Itsi 





±2 


10 


>A 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage 
D0-D7, TxD. CLK OUT, RTS, DTR 


VoH 


+2.4 
1.5 


^ 


— 


V 


Vcc = 4.75V 
Iload= -IOOmA 


Output Low Voltage 
D0-D7, TxD, CLK OUT, RTS', DTR 


Vol 


— 


— 


+ 0.4 


V 


Vcc = 4.75V 
'load = 1 -6 mA 


Output Leakage Current (Off State) 
IRQ, DTACK 


•off 





±2 


±10 


^ 


Vcc = 5.25V 
Vqut = to 2.4V 


Power Dissipation 


Pd 


- 


— 


10 


mW/MHz 




Input Capacitance 
Except XTALI and XTALO 
XTALI and XTALO 


C|N 


- 


- 


5 
10 


PF 
PF 


Vcc = 5.0V 
V,N = OV 
f = 2 MHz 
Ta = 25*'C 


Output Capacitance 


CquT 


- 




10 


pF 


Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc - 5.0V and T^ = 25°C. 
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Dual Asynchronous Communications interface Adapter (DACIA) 



PACKAGE DIMENSIONS 




40-PIN CERAMIC DIP 



L B 

11 



I I I 1 1 t I .:*■ I " I I I I I I I _-- 



nj 1, ,| ) „ , , 4 -- :* i t. 

JdLo 



!_=. 



=^k 



— t C 
K 



M-^ 



40-PIN PLASTIC DIP 

nnnnr\r\rtnr\r\r\r\rinr\nr\nr\n 



IJUUUUUUUUUUUUUUUUUUU 




DIIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


. D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0" 


10» 


0° 


10» 


N 


0.51 


1.52 


0.020 


0.060 




DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


V 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 





0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 


M 


7" 


10° 


7° 


10° 


N 


0.51 


1.02 


0.020 


0.040 
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R6500 MICROPROCESSOR AND PERIPHERAL FAMILY 
Fastest Executing, Largest Selling 8-Bit Family Now Also In CMOS 



There is no microprocessor family easier to implement 
than the R6500. It's the fastest instruction executing 8-bit 
family. It's software compatible with a family of single-chip 
microcomputers. It's available in NMOS and CMOS 
versions. It has a wide variety of CPUs and peripheral 
controllers and versatile memory-l/O-timer combinations. 

In the 8-blt range, nothing gives higher performance than 
this third generation microprocessor family. Pipeline 
architecture provides much faster instruction execution 
(Vsec). Thirteen address modes provide the most efficient 
ways of addressing memory. R6500 peripherals are system 
oriented, designed to implement systems with minimum 
chips. 

And now, it's available in CMOS, for even higher speed, 
low power applications— the R65C00 family. It's now 
possible to move complete product and system designs 
directly into CMOS, being downward software compatible 
with the NMOS R6500 family. 



Because of its Inherent characteristics, the advanced 
Rocl<well CMOS provides low power consumption, high 
noise immunity and high speed operation. Its 2 MHz CPU 
dissipates only 40 mW (compared to 700-800 mW in NMOS) 
and requires only 10 /tA standby current. Instructions can 
be executed in only 500 nanoseconds. Instruction memory 
requirements are 20% less due to added bit manipulation 
features. And, there are even more advantages. 

The entire 8-bit R6500 family is upward compatible with 
the 16-bit R68000 bus, software compatible to the R6500/* 
single-chip microcomputers and are the building blocks for 
the RM 65 module family and AIM 65 board microcomputer 
families, for a wide range of system applications. There's no 
wonder It's one of the world's largest selling families of 
microprocessors, as documented by Dataquest. (See below) 



IVIIIIions of Units 
16 



15- 
14- 
13- 
12- 
11- 

la- 
s' 

8 
1- 
6 
5- 
4" 
3- 
2" 
V 
0- 



1.33 



2.13 



2.34 



4.77 



R6502 Z80 6800 8060/85 
Family Family Family 

1979 



4.55 



6.06 



R6502 Z80 6800 8060/85 
Family FamilyFamily 

1980 



9.37 



7.72 



8.23 



7.57 



R6502 280 6800 8060/85 
Family FamilyFamily 

1981 



15.6 



10.9 



9.8 



R6502 Z80 6800 8060/85 
Family Family Family 

1982 



Source: Dataquest— April 1983 
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R650X«R651X 




R650Xand R651X 
MICROPROCESSORS (CPU) 



DESCRIPTION 

The 8-bit R6500 microprocessor devices are produced with 
N-channel, silicon gate technology. Its performance speeds are 
enhanced by advanced system architecture. This Innovative 
architecture results in smaller chips — the semiconductor 
threshold is cost-effectivity. System cost-effectivity is further 
enhanced by providing a family of 10 software-compatible 
microprocessor (CPU) devices, described in this document. 
Rockwell also provides single chip microcomputers, memory and 
peripheral devices— as well as low-cost design aids and 
documentation. 

Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All are bus-compatible with 
earlier generation microprocessors like the M6800 devices. 

The R650X and R651X family includes six microprocessors with 
on-board clock oscillators and drivers and four microprocessors 
driven by external clocks. The on-chip clock versions are aimed 
at high performance, low cost applications where single phase 
inputs, crystal or RC inputs provide the time base. The external 
clock versions are geared for multiprocessor system applica- 
tions where maximum timing control is mandatory. All R6500 
microprocessors are also available in a variety of packaging 
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and 
3 MHz) and temperature (commercial and industrial) versions. 

ORDERING INFORMATION 



Part Number: R65XX 



L Temperature Range (Tl to T^,): 
No letter = 0°C to +70°C 

E = -40°C to +85°C 

- Package: 

C = Ceramic 
P = Plastic 

• Frequency Range: 
No letter = 1 MHz 
A = 2 MHz 
B = 3 MHz 

Model Designator: 

XX = 02, 03, 04, 



. 15 



FEATURES 

• N-channel, silicon gate, depletion load technology 

• 8-bit parallel processing 

• 56 instructions 

• Decimal and binary arithmetic 

• Thirteen addressing modes 

• True indexing capability 

• Programmable stack pointer 

• Variable length stack 

• Interrupt request 

• Non-maskable interrupt 

• Use with any type of speed memory 

• 8-bit bidirectional data bus 

• Addressable memory range of up to 64K bytes 

• "Ready" input 

• Direct Memory Access capability 

• Bus compatible with M6800 

• 1 MHz, 2 MHz, and 3 MHz versions 

• Choice of external or on-chip clocks 

• On-chip clock options 

— External single clock input 
— Crystal time base input 

• Commercial and industrial temperature versions 

• Pipeline architecture 

• Single +5V supply 

R6500 CPU FAMILY MEMBERS 




Microprocessors with Internal Two Phase Clock Generator 



Model 

R6502 
R6503 
R6504 
R6505 
R6506 
R6507 



Microprocessors with External Two Phase Clock Input 
Model No. Pins Addressable Memory 



No. Pins 


Addressable Memory 


40 


64K Bytes 


28 


4K Bytes 


28 


8K Bytes 


28 


4K Bytes 


28 


4K Bytes 


28 


8K Bytes 



R6512 
R6513 
R6514 
R6515 



40 
28 
28 
28 



64K Bytes 
4K Bytes 
8K Bytes 
4K Bytes 



Document No. 29000D39 
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R650X, R651X 



R6500 Microprocessors (CPU) 



INTERFACE SIGNAL DESCRIPTIONS 

CLOCKS (01, 02) 

The R651X requires a two phase non-overlapping clock that 
runs at the Vcc voltage level. The R650X clocks are supplied 
with an internal clock generator. The frequency of these clocks 
is externally controlled. 

ADDRESS BUS (A0-A15, R6502) 

The address line outputs access data in memory device loca- 
tions or cells, access data in I/O device registers and/or effect 
logical operations in I/O or controller devices depending on 
system design. The addressing range is determined by the 
number of address lines available on the particular CPU device. 
The R6502 and R6512 can address 64K bytes with a 16-bit 
address bus (A0-A15); the R6504, R6507, and the R6514 can 
address 8K bytes with a 13-bit address bus (A0-A12); and the 
R6503, R6505, R6506, R6513, and R6515 can address 4K 
bytes with a 12-bit address bus (A0-A11). These outputs are 
TTL-compatible and are capable of driving one standard TTL 
load and 130 pF. 

DATA BUS (D0-D7) 

The data lines (D0^D7) form an 8-bit bidirectional data bus 
which transfers data between the CPU and memory or periph- 
eral devices. The outputs are tri-state buffers capable of driving 
one standard TTL load and 1 30 pF. 

DATA BUS ENABLE (DBE, R65r2 ONLY) 

The TTL-compatible DBE input allows external control of the tri- 
state data output buffers and will enable the microprocessor bus 
driver when in the high state. In normal operation DBE is driven 
by the phase two (02) clock, thus allowing data output from 
microprocessor only during 02. During the read cycle, the data 
bus drivers are internally disabled, becoming essentially an 
open circuit. To disable data bus drivers externally, DBE should 
be held low. 

READY (RDY) 

The Ready input signal allows the user to halt or single cycle 
the microprocessor on all cycles except write cycles. A negative 
transition to the low state during or coincident with phase one 

(01) will halt the microprocessor with the output address lines 
reflecting the current address being fetched. If Ready is low 
during a write cycle, it is ignored until the following read oper- 
ation. This condition will remain through a subsequent phase two 

(02) in which the Ready signal is low. This feature allows micro- 
processor interfacing with the low speed PROMs as well as 
Direct Memory Access (DMA). 

INTERRUPT REQUEST (fRQ) 

The TTL level active-low IRQ input requests that an interrupt 
sequence begin within the microprocessor. The microprocessor 
will complete the current instruction being executed before rec- 
ognizing the request. At that time, the interrupt mask bit in the 
Processor Status Register will be examined. If the interrupt 
mask flag is not set, the microprocessor will begin an interrupt 
sequence. The Program Counter and Processor Status Register 



are stored in the stack. The microprocessor will then set the 
interrupt mask flag high so that no further interrupts can occur. 
At the end of this cycle, the program counter low will be loaded 
from address FFFE, and program counter high from location 
FFFF, therefore transferring program control to the memory 
vector located at these addresses. The RDY signal must be in 
the high state for any interrupt to be recognized. A 3Kfl external 
resistor should be used for proper wire-OR operation. 

NON-MASKABLE INTERRUPT (NMl) 

A negative going edge on the NMI input requests that a non- 
maskable interrupt sequence be generated within the micro- 
processor. 

NMI is an unconditional interrupt. Following completion of the 
current instruction, the sequence of operations defined for IRQ 
will be performed, regardless of the state interrupt mask flag. 
The vector address loaded into the program counter, low and 
high, are locations FFFA and FFFB respectively, thereby trans- 
ferring program control to the memory vector located at these 
addresses. The instructions loaded at these locations cause the 
microprocessor to branch to a non-maskable interrupt routine 
in memory. 

NMI also requires an external 3Kn register to Vqc tor proper 
wire-OR operations. 

Inputs IRQ and NMI are hardware interrupts lines that are sam- 
pled during 02 (phase 2) and will begin the appropriate interrupt 
routine on the 01 (phase 1) following the completion of the cur- 
rent instruction. 

SET OVERFLOW FLAG (SO) 

A negative going edge on the SO input sets the overflow bit in 
the Processor Status Register. This signal is sampled on the 
trailing edge of 01 and must be externally synchronized. 

SYNC 

The SYNC output line identifies those cycles in which the micro- 
processor is doing an OP CODE fetch. The SYNC line goes high 
during 01 of an OP CODE fetch and stays high for the remainder 
of that cycle. If the RDY line is pulled low during the 01 clock 
pulse in which SYNC went high, the processor will stop in its 
current state and will remain in the state until the RDY line goes 
high. In this manner, the SYNC signal can be used to control 
RDY to cause single instruction execution. 

RESET (RES) 

The active low RES resets, or starts, the microprocessor from 
a power down or restart condition. During the time that this line 
is held low, writing to or from the microprocessor is inhibited. 
When a positive edge is detected on the input, the microproc- 
essor will immediately begin the reset sequence. 

After a system initialization time of six clock cycles, the mask 
interrupt flag is set and the microprocessor loads the program 
counter from the memory vector locations FFFC and FFFD. This 
is the start location for program control. 

After Vcc reaches 4.75 volts in a power up routine, reset must 
be held low for at least two clock cycles. At this time the R/W 
and SYNC signals become valid. 
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R650X, R651X 



R6500 Microprocessors (CPU) 



R6502 FEATURES 










[ 






VSS t^ 


1 1 40b3 RES 


• 64K addressable bytes of memory {A0-A1 5) 


RDY Cd? 39 

</>1 (OUT)C: 3 38 


ZD<f)2(OUT) 
Z3S.O. 


• FRQ interrupt 


IRQ CZ 4 37 


I30O{IN) 


• On-chip clock 


N.C. C 5 36 
NMI C 6 35 


ZlN.C. 
13 N.C. 


TTL-level single phase input 


SYNC C 7 34 


Z3 R/w 


RC time base input 


VCC CZ S 33 
AO C 9 R6502 32 


Z3D0 

Z] D1 


crystal time base input 


A1 C: 10 31 


Z]D2 


• SYNC signal 


A2 CZ 11 30 


Z)D3 


(can be used for single instruction execution) 


A3 C; 12 29 
A4 C 13 28 


Z3D4 
=ID5 


• RDY signal 


A5 CZ. 14 27 


z:d6 


(can be used to halt or single cycle execution) 


A6 C 15 26 
A7 [Z:Jl6 25 


=ID7 
Z3A15 


• Two phase output clock for timing of support chips 


A8 nz 


17 24 


ZI A14 




A9 tZ 


18 23 


Z3 A13 


• NMI interrupt 


A10 CZ 


19 22 


ZIA12 


• 40-pin DIP 


All C 


20 21 


ZI VSS 




RES C^ 


1 28 


Z3 02 (OUT) 


R6503 FEATURES 


VSS CZ 


2 27 


Z3 00 (IN) 




IRQ CZ 


3 26 


ZJ R/W 


• 4K addressable bytes of memory (A0-A1 1) 


NMI C 
VCC CZ 


4 25 

5 24 


Z) DO 
Z3 D1 


• On-chip clock 


AO CZ 


6 23 


Z] D2 




A1 cz: 


7 22 


Z) D3 


• IRQ interrupt 


A2 CZ 


8 R6503 21 


Z3 D4 


• NMI interrupt 


A3 C 
A4 CZ 


9 20 

10 19 


Z]D5 
Z} D6 


• 8-bit bidirectional data bus 


A5 C 


11 18 


Z|D7 


• 28-pin DIP 


A6 CZ 

A7 Cd 


12 17hA11 

13 16^ A10 




A8 CZ 


14 15 


fZDA9 
















RESCq 


1 28 


Zn <t>2 (OUT) 




VSS CZ 


2 . 27 


I3<?o<'M) 


R6504 FEATURES 


IRQ CZ 


3 26 


13 R/w 




VCCCZ 


4 25 


ZJDO 


• 8K addressable bytes of memory (A0-A12) 


AO cz: 


5 24 


Z3D1 




A1 CZ 


6 23 


Z3 D2 


• On-chip clock 


A2 CZ 


' R6504 =2 


Z)D3 


• IRQ interrupt 


A3 CZ 
A4 CZ 


8 21 

9 20 


ZID5 


• 8-bit bidirectional data bus 


A5 CZ 


10 19 


DD6 


• 28-pin DIP 


A6 CZ 

A7 CZ 


11 18 

12 17 


DD7 
ZIA12 




A8 CZ 


13 16 


ZDA11 




A9 CZ 


14 15 


ZJAIO 
















RES CZ 


1 28 


:Zi <t>2 (OUT) 


R6505 FEATURES 


VSS CZ 
RDYCI 


2 27 

3 26 


ZJR/W 


• 4K addressable bytes of memory (A0-A1 1) 


IRQ c: 

VCC CZ 


4 25 

5 24 


Z) DO 
Z} D1 


• On-chip clock 


AO CZ 


6 23 


Z] D2 


• IRQ interrupt 


A1 CI 
A2 CZ 


^R6505,'^ 


Z)D3 
ZJ D4 


• RDY signal 


A3 C 
A4 C 


9 20 

10 19 


ZID5 
Z3D6 


• 8-bit bidirectional data bus 


A5 CZ 


11 18 


DD7 


• 28-pin DIP 


A6 CI 
A7 CZ 


12 17 

13 16 


DA11 
=D A10 




AS CZ 


14 15 


ID A9 
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R650X, R651X 



R6500 Microprocessors (CPU) 













vss cz 


!i 


28 


ZI RES 


R6513 FEATURES 


01 (IN) CZ2 


27 


Z3 02 (IN) 


• 4K addressable bytes of memory (A0-A1 1) 


NMl CZ 


3 
4 


26 
25 


ZI R/w 
ZJ DO 


• Two phase clock input 


vcccs 


24 


Z2 Dl 


• [RQ interrupt 

• NMI Interrupt 

• 8-bit bidirectional data bus 


AO C 
A1 C 

A2 CZ 
A3 CZ 


6 

7 R6513 

8 
9 


23 
22 
21 
20 


Z3D2 
ZJ D3 
;:3D4 
-J D5 


• 28-pin DIP 


A4 CZ 


10 


19 


Z} °6 




A5 C 


11 


18 


Z|D7 




A6. CZ 


12 


17 


~j All 




A7 nz 


13 


16 


ZD A10 




AS CZ 


14 


15 Z] A9 




vss d 


1 


"28 


Z)RES 




«Ai (IN) d 


2 


27 


Z2 02 (IN) 




IRQ tZ 


3 


26 


ZI R/W 


R6514 FEATURES 


vcc(Z 

AO CZ 


4 

5 


25 
24 


Z) DO 
=3 Dl 


• 8K addressable bytes of memory (A0-A1 2) 


A1 CZ 

A2 tZ 


6 

7 R6514 


23 Z3 D2 
22 ~1 D3 


• Two phase clock input 


A3 tZ 


8 


21 


13 D4 


• IRQ interrupt 


A4 tZ 


9 


20 


13 D5 


• 8-bll bidirectional data bus 


A5 tZ 
A6 CZ 


10 
11 


19 ZID6 
18 ZJD7 




A7 c 


12 


17 


=jA12 




A8 tZ 


13 


16 Z3AII 




A9 CZ 


14 


15IDA10 




vss CZ 


1 


28 


Z3 RES 




RDYd 


2 


27 


13 02 (IN) 




01(IN)CZ 


3 


26 


Z3 R/W 


R651 5 FEATURES 


FRQ CZ 


4 


25 


Z3 DO 


• 4K addressable bytes of memory (A0-A11) 


VCCCZ 
AO C 


6 


24 
23 


ZlDI 
13 D2 


• Two phase clock input 


A1 CZ 


7 R6515 


22 


13 D3 


• IRQ interrupt 

• RDY signal 


A2 CZ 
A3 CZ 
A4 C 


8 
9 
10 


21 
20 
19 


:dd4 

13 D5 
Z1D6 


• 8-bit bidirectional data bus 


A5 CZ 


11 


18 


D D7 




A6 CI 


12 


17 


13 All 




A7 tZ 


13 


16 


Z3 A10 




A8 C 


14 


15 


13 A9 
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R650X, R651X 



R6500 Microprocessors (CPU) 











rIs cz 


1 28 


Z3 02 (OUT) 




vss cz 


2 27 


Zl(|>o(IN) 


R6506 FEATURES 


<^1 (OUT)CZ 


3 26 


3R/W 




fWQ cz 


4 25t3D0 


• 4K addressable bytes of memory (A0-A11) 


vcc c: 


5 24ZJD1 


• On-chip clock 


Ao cz 


6 23 Z3 D2 


• IRQ interrupt 


A1 C 


7 R6506 22ZID3 




A2 C 


R 21 —1 n4 


• Two phase output clock for timing of support chips 


A3 Czls 2oEd5 


• 8-bit bidirectional data bus 


A4 C= 


10 19 


bD6 


• 28-pin DIP 


A5 C 


11 18|ZID7 




AS C 


12 17 


PA11 




A7 cd 


13 igIzjaio 1 




AS CZll4 15[Z1A9 




RISCZ 


1 28 


13 02 (OUT) 




VSS cz 


2 27 


Z1</>0('N) 




rdycz 


3 26 


I3R/W 


R6507 FEATURES 


vccC 


4 25 


Z3 DO 




AO cz 


5 24 


ZJD1 


• 8K addressable bytes of memory (A0-A12) 


A1 C 


6 23 


Z3D2 


• On-chip clock 


A2 C 


7 R6507 22 


Z3D3 


• RDY signal 


A3 t- 


8 21 


13 D4 




A4 CZ 


9 20 


ZJ DS 


• 8-bJt bidirectional data bus 


A5 CZ 


10 19 


Zl D6 


• 28-plnDIP 


A6 CZ 


11 18 


DD7 




A7 CZ 


12 17 


DA12 




AS CZ 


13 16 


ZD All 




AS CZ 


14 15Z3A10 




VSS cz 


1 40 


Z3 RES 




RDY C 


2 39 


Z3 02 (OUT)* 




<^1(IN) CZ 


3 38 


Zl S.O. 




rsQ cz 


4 37 


=102 (IN)* 


R651 2 FEATURES 


VSS cz 


5 36 


Z) DBE 




mx] cz 


6 35 


^ NO. 


• 64K addressable bytes of memory (A0-A15) 


SYNCCZ 


7 34 


Zl R/W 


• IRQ Interrupt 


vcc cz 


8 33 


Zl DO 


• NMI interrupt 


AO cz 

A1 cz 


9 R6512 32 

10 31 


ZJ D1 
3 D2 


• RDY signal 


A2 CZ 


11 30 


Zl D3 


• 8-bit bidirectional data bus 


A3 c: 


12 29 


Z3 D4 


• SYNC signal 


A4 cz 
A5 CZ 


13 28 

14 27 


Z3 D5 

Zl D6 


• Two phase clock input 


A6 CZ 


15 26 


Zl D7 


• Data Bus Enable 


A7 CZ 


16 25 


Zl A15 


• 40-pin Dip 


AS nz 


17 24 


Zl A14 




A9 c 


18 23 


Zl A13 




A10 CZ 


19 22 


ZJ A12 




All [:3 


20 21 


ZJ VSS 


•Pins 37 a 


nd 39 are connec 


ted internally 
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FUNCTIONAL DESCRIPTION 

The internal organization of all R6500 CPUs is identical except 
for some variations in clock interface, the number of address 
output lines, and some unique input/output lines between 
versions. 

CLOCK GENERATOR 

The clock generator develops all internal clock signals, and (where 
applicable) external clock signals, associated with the device. It is 
the clock generator that drives the timing control unit and the exter- 
nal timing for slave mode operations. 

TIMING CONTROL 

The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch is 
executed and is advanced at the beginning of each phase one 
clock pulse for as many cycles as is required to complete the 
instruction. Each data transfer which takes place between the reg- 
isters depends upon decoding the contents of both the instruction 
register and the timing control unit. 

PROGRAM COUNTER 

The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 

Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 8 
bits. The counter is incremented each time an instruction or data 
is fetched from program memory. 

INSTRUCTION REGISTER AND DECODE 

Instructions fetched from memory are gated onto the Internal 
data bus. These instructions are latched into the Instuction regis- 
ter, then decoded, along with timing and interrupt signals, to gen- 
erate control signals for the various registers. 



ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the pro- 
gram counter). The ALU has no internal memory and is used only to 
perform logical and transient numerical operations. 

ACCUMULATOR 

The accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations, and in addi- 
tion, the accumulator usually contains one of the two data words 
used in these operations. 

INDEX REGISTERS 

There are two 8-bit index registers (X and Y), which may be used 
to count program steps or to provide an index value to be used in 
generating an effective address. 

When executing an instruction which specifies indexed addressing, 
the CPU fetches the op code and the base address, and modifies 
the address by adding the index register to it prior to performing the 
desired operation. Pre- or post-indexing of indirect addresses is 
possible (see addressing modes). 

STACK POINTER 

The stack pointer Is an 8-bit register used to control the addressing 
of the variable-length stack on page one. The stack pointer is auto- 
matically incremented and decremented under control of the micro- 
processor to perform stac k ma nipulations under direction of either 
the program or interrupts (NMI) and IRQ). The stack^llows simple 
implementation of nested subroutines and multiple level interrupts. 
The stack pointer should be initialized before any interrupts or stack 
operations occur. 

PROCESSOR STATUS REGISTER 

The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPU. 
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ADDRESS 
BUS2 



REGISTER SECTION 



ABL ^ 



c 



INDEX 
REGISTER 



C^ 



INDEX 
REGISTER 



Z^ 



STACK 

POINT 

REGISTER 

(S) 



CO 



I 



« 



ACCUMULATOR 



o 



o 



CO 



INPUT 
DATA 
LATCH 
(PL) 



« 



DATA BUS 
BUFFER 



» 



TTTT 






8 BIT LINE 



w 



CONTROL SECTION 



RES IRQ NMI 



ill 



INTERRUPT 
LOGIC 



V V V 



INSTRUCTION 
DECODE 



C:0 



PROCESSOR 
STATUS 
REGISTER 



- RDY2 
*- SYNC2 



TIMING 
CONTROL 



FT 



CLOCK ^ 

GENERATOR 



INSTRUCTION 
REGISTER 



- «^1 (IN)* 

- ^2 (IN)* 

- ^ (IN)3 

. SO 

' 01 {OUT)8 

► 02(OUT)3 

► R/W 



-♦►D7 



NOTE 

1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, R6513, R6514 AND R6515. 

2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH OF 
THE CPUs. 

3. R6502, R6503, R6504, R6505, R6506 AND R6507. 

4. R6512, R6513, R6514 AND R6515. 

5. R6512 ONLY. 

6. R6502 ONLY. 



R650X and R651X Internal Architecture 
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R6500 Microprocessors (CPU) 



INSTRUCTION SET 

The R6500 CPU has 56 instruction types which are enhanced 
by up to 13 addressing modes for each instruction. The accu- 



mulator, index registers, Program Counter, Stack Pointer and 
Processor Status Register are illustrated below. 



Alphabetic Listing of Instruction Set 



Mnemonic 


Function 


Mnemonic 


Function 


ADC 


Add Memory to Accumulator with Carry 


JMP 


Jump to New Location 


AND 


"AND" Memory with Accumulator 


JSR 


Jump to New Location Saving Return Address 


ASL 


Shift Left One Bit (Memory or Accumulator) 










LDA 


Load Accumulator with Memory 


BCC 


Branch on Carry Clear 


LDX 


Load Index X with Memory 


BCS 


Branch on Carry Set 


LDY 


Load Index Y with Memory 


BEQ 


Branch on Result Zero 


LSR 


Shift One Bit Right (Memory or Accumulator) 


BIT 


Test Bits in Memory with Accumulator 






BMI 


Branch on Result Minus 


NOP 


No Operation 


BNE 


Branch on Result not Zero 






BPL 


Branch on Result Plus 


ORA 


"OR" Memory with Accumulator 


BRK 


Force Break 






BVC 


Branch on Overflow Clear 


PHA 


Push Accumulator on Stack 


BVS 


Branch on Overflow Set 


PHP 


Push Processor Status on Stack 






PLA 


Pull Accumulator from Stack 


CLC 


Clear Carry Flag 


PLP 


Pull Processor Status from Stack 


OLD 


Clear Decimal Mode 






CLI 


Clear Interrupt Disable Bit 


ROL 


Rotate One Bit Left (Memory or Accumulator) 


CLV 


Clear Overflow Flag 


ROR 


Rotate One Bit Right (Memory or Accumulator) 


CMP 


Compare Memory and Accumulator 


RTI 


Return from Interrupt 


CPX 


Compare Memory and Index X 


RTS 


Return from Subroutine 


CPY 


Compare Memory and Index Y 










SBC 


Subtract Memory from Accumulator with Borrow 


DEC 


Decrement Memory by One 


SEC 


Set Carry Flag 


DEX 


Decrement Index X by One 


SED 


Set Decimal Mode 


DEY 


Decrement Index Y by One 


SEI 


Set Interrupt Disable Status 






STA 


Store Accumulator in Memory 


EOR 


"Exclusive-OR" Memory with Accumulator 


STX 


Store Index X in Memory 






STY 


Store Index Y in Memory 


INC 


Increment Memory by One 






INX 


Increment Index X by One 


TAX 


Transfer Accumulator to Index X 


INY 


Increment Index Y by One 


TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 






TXA 


Transfer Index X to Accumulator 






TXS 


Transfer Index X to Stack Register 






TYA 


Transfer Index Y to Accumulator 



7 7 


1 A 1 ACCUMULATOR A [n | V| 1 |B| D| 1 |z|C| PROCESSOR STATUS REG "P" 


7 

1 Y 1 INDEX REGISTER Y 












I— CARRY 1 = TRUE 
ZERO 1 = RESULT ZERO 


7 

1 X 1 INDEX REGISTER X 


15 7 

1 PCH 1 POL 1 PROGRAM COUNTER "PC" 




ion nicABi e t mcABi c 






8 7 

|1 1 S 1 STACK POINTER "S" 


















— v/vEnruv/«v i = ■ nuc 




nCVlAIIVC ISNCU. 1 



Programming Model 
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ADDRESSING MODES 

The R6500 CPU family has 13 addressing modes. In the following 
discussion of these addressing modes, a bracketed expression fol- 
lows the title of the mode. This expression is the term used in the 
Instnjction Set Op Code Matrix table (later in this product descrip- 
tion) to make it easier to identify the actual addressing mode used 
by the instruction. 



ACCUMULATOR ADDRESSING [Accum]— This form of ad- 
dressing is represented with a one byte instruction, implying an 
operation on the accumulator. 

IMMEDIATE ADDRESSING [IMM]— In Immediate addressing, 
the second byte of the Instruction contains the operand, with no 
further memory addressing required. 

ABSOLUTE ADDRESSING [Absolute]— In absolute address- 
ing, the second byte of the instruction specifies the eight low 
order bits of the effective address while the third byte specifies 
the eight high order bits. Thus, the absolute addressing mode 
allows access to the entire 64K bytes of addressable memory. 

ZERO PAGE ADDRESSING [ZP]— The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 

INDEXED ZERO PAGE ADDRESSING [ZP, X or Y]— (X, Y 

indexing) — This form of addressing is used with the index reg- 
ister and is referred to as "Zero Page, X" or "Zero Page, Y". 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of "Zero 
Page" addressing, the content of the second byte references 
a location in page zero. Additionally, due to the "Zero Page" 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 

INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]— (X, Y 

indexing) — This form of addressing is used in conjunction with 
X and Y index register and is referred to as "Absolute, X" and 
"Absolute, Y". The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 



the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resulting in 
reduced coding and execution time. 

IMPLIED ADDRESSING [Implied]— In the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation code of the instruction. 

RELATIVE ADDRESSING [Relative]— Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 

The second byte of the instruction becomes the operand which 
is an "Offset" added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is -128 to +127 bytes from the 
next instruction. 

INDEXED INDIRECT ADDRESSING [(IND, X)]— In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 

INDIRECT INDEXED ADDRESSING [(IND), Y]— In indirect 
indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 

ABSOLUTE INDIRECT [Indirect]— The second byte of the 
instruction contains the low order eight bits of a memory loca- 
tion. The high order eight bits of that memory location are con- 
tained in the third byte of the instruction. The contents of the 
fully specified memory location are the low order byte of the 
effective address. The next memory location contains the high 
order byte of the effective address which is loaded into the six- 
teen bits of the program counter. (JMP (IND) only) 
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INSTRUCTION SET OP CODE MATRIX 

The following matrix shows the. Op Codes associated with the 
R6500 family of CPU devices. The matrix identifies the hex- 
adecimal code, the mnemonic code, the addressing mode, the 



number of instruction bytes, and the number of machine cycles 
associated with each Op Code. Also, refer to the ihstruction set 
summary for additional information on these Op Codes. 



BRK 

Implied 

1 7 


ORA 

(IND, X) 

2 6 








ORA 
ZP 
2 3 


ASL 
ZP 
2 5 




PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 

1 2 






ORA 
ABS 
3 4 


ASL 
ABS 
3 6 




.BPL 
Relative 
2 2" 


ORA 

(IND), Y 

2 5* 








ORA 
ZP, X 
2 4 


ASL 
ZP, X 
2 6 




CLC 

Implied 

12 


ORA 
ABS, Y 
3 4* 








ORA 
ABS, X 
3 4* 


-ASL 

ABS, X 

3 7 




JSR 

Absolute 
3 6 


AND 

(IND.X) 

2 6 






BIT 
ZP 
2 .3 


AND 
ZP 
2 3 


ROL 
ZP 
2 5 




PLP 

Implied 

1 4 


AND 
IMM 
2 2 


ROL 

Accum 
1 2 




BIT 
ABS 
3 4 


AND 
ABS 
3 4 


ROL 
ABS 
3 6 




BMI 
Relative 
2 2** 


AND 
(IND), Y 
2 5* 


■ 






AND 
ZP,X 
2 4 


ROL 
ZP. X 
2 6 




SEC 

Implied 

1 2 


AND 
ABS, Y 
3 4* 








AND 
ABS, X 
3 4* 


ROL 

ABS, X 

3 7 




RTI 

Implied 

1 6 


EOR 

(IND, X) 
2 6 








e6r 

ZP 
2 3 


LSR 
ZP 
2 5 




PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 
Accum 
1 2 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 




BVC 
Relative 
2 2" 


EOR 
(IND), Y 
2 5* 








EOR 
ZP, X 
2 4 


LSR 
ZP, X 
2 6 




CLI 

Implied 

1 2 


EOR 
ABS, Y 
3 4* 








EOR 
ABS,X 
3 4* 


LSR 

ABS, X 

3 7 




RTS 

Implied 

1 6 


ADC 

(IND, X) 

2 6 








ADC 
^P 
2 3 


ROR 
ZP 
2 5 




PLA 

Implied 

1 4 


ADC 
IMM 
2 2 


ROR 
Accum 
1 2 




JMP 
Indirect 
3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 




BVS 
Relative 
2 2" 


ADC 
(IND), Y 
2 5* 




■ 




ADC 
ZP, X 
2 4 


ROR 
ZP, X 
2 6 




SEI 

Implied 

1 2 


ADC 
ABS, Y 
3 4* 








ADC 
ABS, X 
3 4* 


ROR 

ABS, X 

3 7 






STA 

(IND. X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 
2 3 




DEY 

Implied 

1 2 




TXA 
Implied 
1 2 




STY 
ABS 
3 4 


STA 
ABS 
3 4 


STX 
ABS 

3 4 




BCC 
Relative 
2 2" 


STA 

(IND), Y 

2 6 






STY 
ZP, X 
2 4 


STA 
ZP, X 
2 4 


STX 
ZP, Y 
2 4 




TYA 

Implied 

1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied 

1 2 






STA 

ABS,X 

3 5 






LDY 
IMM 
2 2 


LDA 

(IND, X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 

ZP 
2 3 


LDX 
ZP 

2 3 




TAY 

Implied 

1 2 


LDA. 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 




BCS 
Relative 
2 2" 


LDA 
(IND), Y 
2 5* 






LDY 
ZP,X 
2 4 


LDA 
ZP, X 

2 4 


LDX 
ZP,Y 
2 4 




CLV 

Implied 

1 2 


LDA 
ABS, Y 
3 4* 


TSX 

Implied 
1 2 




LDY 
ABS, X 
3 4* 


LDA 
ABS, X 
3 4* 


LDX 
ABS. Y 
3 4* 




CPY 
IMM 
2 2 


CMP 

(IND, X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 

2 5 




INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 

1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 




BNE 
Relative 
2 2" 


CMP 
(IND), Y 
2 5* 








CMP 
ZP, X 
2 4 


DEC 
ZP, X 
2 6 




CLD 

Implied 

1 2 


CMP 
ABS, Y 
3 4* 








CMP 
ABS, X 
3 4* 


DEC 

ABS, X 

3 7 




CPX 
IMM 
2 2 


SBC 

(IND, X) 

2 6 






CPX 
ZP 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 
2 5 




INX 

Implied 

1 2 


SBC 
IMM 
2 2 


NOP 

Implied 

1 2 




CPX 
ABS 

3 4 


SBC 
ABS 
3 4 


INC 

ABS 

, 3 6 




BEQ 
Relative 
2 2" 


SBC 
(IND), Y 
2 5* 








SBC 
ZP, X 
2 4 


INC 
ZP, X 
2 6 




SED 

Implied 
1 2 


SBC 
ABS, Y 
3 4* 








SBC 
ABS. X 
3 4* 


INC 
ABS,X 

3 7 





B 



BRK 

Implied 

1 7 



—OP Code 

—Addressing Mode 

—Instruction Bytes; Machine Cycles 



*Add 1 to N if page boundary Is crossed. 
**Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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INSTRUCTION SET SUMMARY 





INSTRUCTIONS 


IMMEDIATE 


ABSOLUTE 


ZERO PAGE 


ACCOM 


IMPLIED 


(INO. XI 


(INDI.Y 


Z PAGE. X 


ABS X 


ABS. Y 


RELATIVE 


INDIRECT 


2 PAGE. Y 


PROCESSOR STATUS 
CODES 


MNEMONIC 


OPERATION 


OP 


n 


• 


OP 


n 


» 


OP 


n 


• 


OP 


n 


• 


OP 


n 


» 


OP 


n 


« 


OP 


n 


» 


OP 


n 


- 


OP 


n 


« 


OP 


n 


* 


OP 


n 


# 


OP 


n 


. 


OP 


n 


. 


t 6 5 4 3 2 1 
N V . B D 1 ZC 


MNEMONIC 


ADC 
AND 
A S L 
B C C 
B C S 


A * M + e- A (41(1) 
AaM-A 11) 


69 
29 


2 
2 


2 
2 


6D 
2D 
OE 


6 


3 
3 
3 


65 
25 
06 


3 
3 
5 


2 
2 
2 


OA 


2 


1 








61 
21 


6 
6 


2 
2 


71 
31. 


5 

5 


2 

2. 


75 
35 
16 


6 


2 
2 
2 


7D 
3D 

1E 


- 


3 
3 

3 


79 
39 


' 


3 


90 
BO 


2 
2 


2 
2 














N V . . . . Z C 

N Z . 

N Z C 


ADC 
AND 
A S L 

see 

B C S 


CH^ o]-0 
BRANCH ON C = (2) 
BRANCH ON C = 1 (2) 


B E Q 

B 1 T 
B M 1 
B N E 
B P L 


BRANCH ON Z = 1 (2) 

aam 

BRANCH ON N = 1 (2) 
BRANCH ON Z = (2) 
BRANCH ON N = (2) 








2C 


4 


3 


24 


3 


2 












































FO 

30 
DO 

to 


2 

2 
.2 
2 


2 
2 

2 














M,Mj- ■ • • Z • 


B E O 

B 1 T 
B M 1 
B N E 
B P L 


B R K 
B V C 
B V S 
C L C 
C L D 


BREAK 

BRANCH ON V = (2) 

BRANCH ON V = 1 (2) 

0-C 

0-D 








- 


















00 

18 
D8 


7 

2 
2 


1 
































50 
70 


2 
2 


2 
2 
















BR K 
B V C 
B V S 
C L C 
C L D 


C L 1 
C L V 
CMP 
C P X 
C P Y 


0-1 
0- V 
A - M 
X - M 
Y - M 


C9 
EO 
CO 


2 
2 
2 


2 
2 

2 


CD 
EC 
CC 


4 


3 

3 
3 


05 
E4 

C4 


3 
3 

3 


2 
2 

2 








58 
B8 


2 
2 


^ 


CI 


6 


2 


Di 


5 


2 


D5 


< 


2 


DD 


^ 


3 


D9 


- 


3 




















N Z C 

N Z C 

N Z C 


C L 1 
C L V 
CMP 
C P X 
C P Y 


DEC 
D E X 
D E Y 
E O R 
1 N C 


M - 1 -M 
X - 1 -X 
Y - 1 -Y 

A V M - A ID 
M + 1 -M 


49 


2 


2 


CE 

4D 
EE 


6 

4 
6 


3 

3 
3 


C6 

45 

E6 


5 

3 

5 


2 

2 

2 








CA 


2 
2 


^^ 


4, 


6 


2 


51 


5 


2 


D6 

55 
F6 


6 
6 


2 

2 
2 


DE 

5D. 
FE 


7 


3 

3 

3 


59 


4 


3 




















N Z . 

N ..... Z - 

N Z . 

N Z . 

N Z . 


D E C 
D E X 
D E Y 
E R 
1 N C 


J M P 
J S R 
L D A 


X 4. 1 -X 

JUMP TO NEW LOG 

JUMP SUB 

M-A (1) 


A9 


2 


2 


4C 

20 
AD 


3 
6 


3 
3 
3 


A5 


3 


2 








E8 
C8 


2 


1 


A1 


6 


2 


B1 


5 


2 


B5 




2 


BD 




3 


B9 




3 








6C 


5 


3 








N Z • 

N Z • 

N Z • 


J M P 
J S R 
L D A 


L D X 
L D Y 
L S R 
NOP 
O R A 


M-Y (1) 


A2 
AO 

09 


2 
2 

2 


2 

2 

2 


AE 
AC 
4E 

CD 


6 


3 
3 
3 

3 


A6 
A4 
46 

05 


3 
3 
5 

3 


2 
2 
2 

2 


4A 


2 


1 


EA 


2 


1 


01 




2 




5 


2 


B4 
56 

15 


6 
4 


2 
2 

2 


BC 
5E 

ID 


7 


3 
3 

3 


BE 
19 




3 














B6 




2 


N Z ■ 

N Z • 

Z C 

N Z . 


L D X 
L D Y 
' L S R 
NOP 
O R A 


0-i' OH C 
NO OPERATION 
AVM-A 


P H A 
PHP 
P L A 
P L P 

R L 


A -Ms S - 1 -S 
P-Ms S - 1 -S 
S + 1 -S Ms -A 
S + 1 -S Ms-P 








2E 


6 


3 


26 


^ 


2 


2A 


2 




48 
08 
68 
28 


3 
3 


'^ 


. 












J6 


6 


2 


3E 


^ 


3 


























N Z • 

(RESTORED) 
N Z C 


P H A 
PHP 
P L A 
P L P 
R O L 


M- aUclJ 


R O R 
H T 1 
R T S 
SBC 
SEC 
S E D 


RTRNINT 

RTRNSUB 

A - M - C-A (1) 

1-C 

1 'D 


£9 


2 


2 


6E 
ED 


6 


3 
3 


66 
E5 


5 


2 
2 


6A 


2 




40 

60 

38 
F8 


6 
6 

2 

2 


'^ 


E1 


6 


2 


F1 


5 


2 


76 

F5 


6 


2 
2 


7E 
FD 




3 
3 


F9 




3 




















N • • • • • Z C 
(RESTORED) 

N V • • • ■ Z (3) 


n O R 

R T S 
SBC 

SEC 
SEP 


S E 1 
S T A 
S T X 
STY 
TAX 


A -M 
X-M 
Y- M 
A-X 








8D 
8E 
8C 


' 


3 
3 
3 


85 
86 
84 


3 
3 


2 
2 
2 








78 


2 




31 


6 


2 


91 


6' 


2 


95 
94 


' 


2 
2 


9D 


5 


3 


99 


5 


3 














96 


- 


2 


N Z • 


S E 1 
S T A 
S T X 
STY 
TAX 


T A Y 
T S X 
T X A 
T X S 
T Y A 


A- Y 
S-X 
X -A 
X-S 


























A8 
BA 
8A 
9A 
98 






















































N Z • 

N Z • 

N Z - 

N Z • 


T A Y 
T S X 
T X A 
T X S 
T Y A 


i1) ADD 1 to N IF PAGE BOUNDARY ISCROSSED 
l2l ADD 1 TO N IF BRANCH OCCURS TO SAME PAGE 

ADD 2 TO N IF BRANCH OCCURS TO DIFFERENT PAGE 
(3i CARRY NOT = BORROW 
(41 IF IN DECIMAL MODE Z FLAG IS INVALID 

ACCUMULATOR MUST BE CHECKED FORZERO RESULT 


X INDEX X * ADD M. MEMORY BIT 7 
Y INDEX Y - SUBTRACT M^ MEMORY BIT 6 
A ACCUMULATOR A AND n NO. CYCLES 
M MEMORY PER EFFECTIVE ADDRESS V OR • NO. BYTES 
Ms MEMORY PER STACK POINTER V EXCLUSIVE OR 
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R650X, R651X 



R6500 Microprocessors (CPU) 



R650X CLOCK TIMING 



<AO(IN)- 



3 2.0V ,fi;5v 'jJov' 

\-0.B V 0.8 vJ g \ 

1 .4 TpHiu^ ^ 



^<^1(OUT)) / 



^ ^a (OUT) 



-^H5*)- 



Vo.8V 



/ 



Vo.BV 



2.0 V 
0.8 V 



R651X CLOCK TIMING 



<^1 (IN) J 



0.2V ^ f \£: 



h-^' 



0.2 vV 



A 



0.2 V 



R65XX READ WRITE TIMING 




READ 
WRITE 



-Vn H 




C2.0V 
0.8 V 



C2.0V 
0.8 V 



2.0 V 
0.8 V- 



ZOV^r 

OlBV^f' 



£V3^ 
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R650X, R651X 



R6500 Microprocessors (CPU) 



AC CHARACTERISTICS 



Characteristic 


Symbol 


R65XX 
(1 lUIHz) 


R65XXA 
(2 IMHz) 


R65XXB 
(3 MHz) 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 



R650X CLOCK TIMING 



Clock Cycle Time 


TcYC 


1.0 


10 


0.5 


10 


0.33 


10 


|XS 


^0 (IN) Low Pulse Width 


Tloo 


480 


- 


240 


- 


160 


- 


ns 


00 (IN) High Pulse Width 


Th0O 


460 


- 


240 


- 


160 


- 


ns 


00 (IN) Rise and Fall Time!. 2 


Tro. Tpo 


- 


10 


- 


10 


- 


10 


ns 


01 (OUT) High Pulse Width 


TpWHOI 


460 


- 


235 


- 


155 


- 


ns 


02 (OUT) High Pulse Width 


TpwHOZ 


460 


- 


240 


- 


160 


~ 


ns 


Delay Between 01 (OUT) and 02 (OUT) 


Td 





- 





- 





- 


ns 


01 (OUT). 02 (OUT) Rise and Fall 
TimeL 2 


Tr,Tf 




25 


— 


25 


~~ 


15 


ns 



R651X CLOCK TIMING 



Clock Cycle Time 


TcYC 


1.0 


10 


0.5 


10 


0.33 


10 


Mis 


01 (IN) High Pulse Width 


TpwHOI 


430 


— 


215 


— 


150 


- 


ns 


02 (IN) High Pulse Width 


TpWH02 


470 


- 


235 


- 


160 


- 


ns 


Delay Between 01 and 02 


Td 





- 





- 





- 


ns 


01 (IN), 02 (IN) Rise and Fall Timei- 3 


Tb,Tp 


- 


25 


- 


20 


- 


15 


ns 



R65XX READ/WRITE TIMING 



R/W Setup Time 


Trws 


- 


225 


- 


140 


- 


110 


ns 


R/W Hold Time 


Thrw 


30 


- 


30 


- 


15 


— 


ns 


Address Setup Time 


Tads 


- 


225 


- 


140 


- 


110 


ns 


Address Hold Time 


Tha 


30 


- 


30 


- 


15 


- 


ns 


Read Access Time 


Tacc 


- 


650 


- 


310 


- 


170 


ns 


Read Data Setup Time 


Tdsu 


100 


- 


50 


- 


50 


- 


ns 


Read Data Hold Time 


Thr 


10 


- 


10 


- 


10 


- 


ns 


Write Data Setup Time 


Tmds 


- 


175 


- 


100 


- 


85 


ns 


Write Data Hold Time 


Thw 


30 


- 


30 


- 


15 


- 


ns 


SYNC Hold Time 


TsYH 


30 


- 


30 


- 


15 


- 


ns 


RDY Setup Time 


Trdy 


100 


- 


50 


- 


35 


— 


ns 


SO Setup Time 


Tso 


100 


- 


50 


- 


35 


- 


ns 


SYNC Setup Time 


TSYN 


- 


225 


- 


140 


— 


110 


ns 


Notes: 

1. Loads: All output except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF. 

2. Measured between 0.8 and 2.0 points on waveform load. 

3. Measured between 10% and 90% points on waveforms. 

4. *RDY must never switch states within Rrdy to end of 02. 
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R650X, R651X 



R6500 Microprocessors (CPU) 



RECOMMENDED TIME BASE GENERATION FOR R6502 



15K . 



1.5K 



3.0K 



|> ^ > ! >-{>>- 



7404 



HDh 



7404 



R650X 



7404 



<A0 (IN) 

R6502 
<t>2 (OUT) 



>«A2 



XTAL 
(1 MHz - 3 MHz)* 



'CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT 
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R650X, R651X 



R6500 Microprocessors (CPU) 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V|N 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 
Commercial 
Industrial 


Ta 


-40 to +85 


OC 


Storage Temperature 


TSTG 


-65 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated In the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 




OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


O^C to 70°C 
-40»Cto +85°C 



DC CHARACTERISTICS 

(Vcc = 5.0V ±50/o,Vss - 0, T^ 



T|_ to Th, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ.5 


Max. 


Unlti 


Test Conditions 


Input High Voltage 
Logic, 00 (IN) 
01 (IN), 02 (IN) 


V,H 


2.0 
Vcc -0.3 


^ ," '■- ' ■ 


Vcc 
Vcc + 0.25 


V 




Input Low Voltage 
Logic, 00 (IN) 
01 (IN). 02 (IN) 


V,L 


-0.3 
-0.3 


- 


0.8 
0.4 


V 




Input Leakage Current 
Logic (Excl. RDY, S.O.) 
01 (IN), 02 (IN) 
0O(IN) 


l|N 


- 


- 


2.5 
100 
10 


fJK 


V,N = OV to 5.25V 
Vcc = OV 


Input Leakage Current for Three State Off 
D0-D7 


Itsi 


__ 





10 


fJK 


V,N = 0.4V to 2.4V 
Vcc = 5-25V 


Output High Voltage 
SYNC, D0-D7, A0-A15, R/W, 01 (OUT), 02 (OUT) 


Vqh 


+ 2.4 





., .. 


V 


Load - -100^ 
Vcc = 4.75V 


Output Low Voltage 
SYNC, D0-D7, A0-A15, R/W, 01 (OUT), 02 (OUT) 


Vol 






+ 0.4 


V 


Ii HAD = "• -6 mA 
Vcc = 4.75V 


Power Dissipation 
1 and 2 MHz 
3 MHz 


Pd 


- 


450 
500 


700 
800 


mW 




Capacitance 
Logic 
D0-D7 
A0-A15, R/W, SYNC 

00 (IN) 

01 (IN) 

02 (IN) 


C 

CquT 
C0o(,N) 

C01 
C02 


- 


30 
50 


10 
15 
12 
15 
50 
80 


pF 


Vcc = 5.0V 
V,N = OV 
f = 1 MHz 
Ta - 25°C 


Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive Indicates inward flow. 

3. IRQ and NMI require 3K pull-up resistor. 

4. 01 (IN) and 02 (IN) apply to R6512, 13, 14, and 15; 00 (IN) applies to R6502, 03, 04, 05, 06 and 07. 

5. Typical values shown for Vcc = 50V and T^ = 250C. 
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R6501Q • R6511Q 

R6S00 Microcomputer System 




R6501Q AND R6511 Q 
ONE^CHIP MICROPROCESSOR 



INTRODUCTION 

The Rockwell R6501Q and R6511Q are extended, high perform- 
ance 8-blt NMOS-3, single chip microprocessors, and are com- 
patible with all members of the R6500 family. 

The devices contain an enhanced R6502 CPU, an internal clock 
oscillator, 192 bytes of Random Access Memory, and versatile 
interface circuitry. The interface circuitry includes two 16-bit pro- 
grammable timer/counters, 32 bidirectional input/output lines 
(including four edge sensitive lines and input latching on one 
8-bit port), a full-duplex serial I/O channel, ten interrupts and 
bus expandability. A full 16-bit address bus and 8-bit data bus 
provide accessing to 65K bytes of external memory. 

The devices come In a 64-pin Quad Inline package (QUIP). 

The devices may be used as a CPU-RAM-l/0 counter device 
in multlchip systems or as an emulator for the R6500/1 1 family 
of microcomputers. They provide all R6500/11 interface lines, 
plus the address bus, data bus and control lines to interface with 
external memory. 

SYSTEMS DEVELOPMENT 

Rockwell supports development of the devices with the Rockwell 
Design Center System and the R6500/* Personality Set: Com- 
plete in-circuit emulation with the Personality Set allows total 
systems test and evaluation. 

This data sheet is for the reader familiar with the R6502 CPU 
hardware and programming capabilities. For additional infor- 
mation see the R6501Q Product Description, (Document Order 
Number 2145) or the R651 1Q Product Description, (Document 
Order Number 2133). 

ORDERING INFORMATION 



Part 
Number 


Package 
Type 


Frequency 
Option 


Temp. 
Range 


R6501Q 
R6501AQ 
R6511Q 
R6511AQ 


Plastic (QUIP) 
Plastic (QUIP) 
Plastic (QUIP) 
Plastic (QUIP) 


1 MHz 

2 MHz 

1 MHz 

2 MHz 


O^C to 70*0 
0*>C to 70°C 
0°C to 70°C 
0*'C to 70«»C 



FEATURES 

• Enhanced R6502 CPU 
—Four new bit manipulation instructions 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
—13 Addressing modes 
—True indexing 



192-byte static RAM 

32 bidirectional, TTL-cornpatible I/O lines (four ports) 

One 8-bit port may be tri-stated under software control 

One 8-bit port may have latched inputs under software control 

Two 16-bit programmable counter/timers, with 3 latches 

—Pulse width measurement 

—Pulse generation (1 symmetrical, 1 asymmetrical) 

—Interval timer 

—Event counter 

— Retriggerable interval timer 

Serial Port — Full Duplex, Buffered UART 

^Receiver Wake Up and Transmitter End of Transmission 

Features 
—Programmable Standard Asynchronous Baud Rates from 

50 to 1 25K bits/sec at 2 MHz 

Satisfies SMPTE 422 Broadcast Standard (8 Data, Parity, 

1 Stop) at 38.4K bits/sec 

—Programmable 5-8 bit Character Lengths, with or without 

parity 
—Receiver Error Detection for Framing, Parity, and Overrun 
—Synchronous Shift Register alternate mode (250KC at 

2 MHz) 
Ten interrupts 

—Four edge-sensitive lines; two positive, two negative 

—Two counter underflows 

—Serial data receiver buffer full 

—Serial data transmitter buffer empty 

—Non-maskable 

— Reset 

Full data and address pins for 65K bytes of external memory 

Flexible clock circuitry 

—2 MHz or 1 MHz internal operation 

—Internal clock with external XTAL at four times internal fre- 
quency (R6501 Q) or two times internal frequency (R651 1 Q) 

—External clock input divided by one or four (R6501Q) or one 
ortwo(R651lQ) 

68% of the instructions have execution times less than 2 /ts 

at 2 MHz 

NMOS-3 silicon gate, depletion load technology 

Single + 5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 

65-pin QUIP 

R6501Q has pullup resistors on PA, PB, and PC 

R6511Q has no pullup resistors 



Document No. 29000D84 
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R6501Q and R6511Q 



One-Chip Microprocessor 



FUNCTIONAL DESCRIPTION 

CENTRAL PROCESSING UNIT (CPU) 

The internal CPU of the device is a standard R6502 configuration 
with the standard R6502 instructions plus 4 new bit manipulation 
instructions. These new bit manipulator instructions form an 
enhanced R6502 instruction set and improve memory utilization 
efficiency and performance. 

Set Memory Bit (SMB #, ADDR.) 

This instruction sets to "1 " one bit of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and which one 
of 8 bits to be set. The second byte of the instruction designates 
the address (0-225) of the byte or I/O port to be operated upon. 

Reset Memory Bit (RMB #,ADDR.) 

This instruction is the same operation and format as the SMB 
instruction except a reset to "0" of the bit results. 

Branch on Bit Set Relative (BBS #,ADDR.,DEST) 

This instruction tests one of 8 bits designated by a 3-bit immedi- 
ate field within the first byte of the instruction. The second byte 
is used to designate the location of the byte or I/O port to be 
tested within the zero page address range. The third byte of the 
instruction is used to specify the 8-bit relative address to which 
the instruction branches if the bit tested is a "1 ". If the bit tested 
is not set, the next sequential instruction is executed. 

Brancli on Bit Reset Relative (BBR #,ADDR.,DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested is 
a"0". 

Random Access Memory (RAM) 

The RAM consists of 192 by 8 bits of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
devices provide a separate power pin (Vptp) which may be used 
for standby power. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Vrr pin. 

Clock Oscillator 

The clock oscillator provides the basic timing signals. A reference 
frequency can be generated with the on board oscillator (with 
external crystal) or an external reference source can be driven 
into the XTLI pin. If the XTLO pin is left floating, the reference 
frequency is internally divided by four (R6501 Q) or two (R651 1 0) 
to obtain the internal clock. The internal clock is then available 
as an output at the 02 pin. The XTLI pin may be used as an 
undivided clock input by connecting XTLO to Vss, in which 
case the internal division circuitry is bypassed and the device 
operates at the reference frequency. 

Parallel Input/Output Ports 

The devices have 32 I/O lines grouped into four 8-bit ports (PA, 
PB, PC, PD). Ports A through may b^ used either for input 
or output individually, or in groups of any combination. The 



R6501Q has pullup resistors on PA, PB and PC. The R6511Q 
has no pullup resistors. Port D may be used as all inputs or all 
outputs. It has active pull-ups. 

Port A (PA) can be programmed as a standard parallel 8-bit I/O 
port or under software control as serial I/O lines, counter I/O 
lines, positive (2) and negative (2) edge detects, or an input data 
strobe for the Port B (PB) input latch. 

Port B (PB) can be programmed as an I/O port with latched input 
enabled or disabled. 

Port C (PC) can be programmed as an I/O port, as an abbre- 
viated bus, as a multiplexed bus, or as part of the full address 
mode. In the full address mode pins PCS and PC7 serve as 
addresses A13 and A14, respectively; PC0-PC5 are I/O pins. 

Port D (PD) functions as an I/O port, an 8-bit tri-state data bus, 
or as a multiplexed address/data bus. 

Serial Input/Output Channel — UART 

The devices provide a full duplex serial I/O channel with program- 
mable bit rates covering all standard baud rates from 50 to 
1 25K bits/sec including the SMPTE 422 standard at 38.4K bits/ 
sec. Character lengths of 5 to 8 bits, with or without parity are 
programmable. A full complement of flags provides for Receiver 
Wake Up; Receiver Buffer Full; Receiver Error Conditions detect- 
ing Framing, Parity, and Overrun errors; Transmitter End of 
Transmission and Transmitter Buffer Empty. In addition, a syn- 
chronous shift register mode to 250 KG at 2 MHz is available. 

Wake-Up Feature 

In a multi-distributed microcomputer application, a destination 
address is usually included at the beginning of the message. 
The Wake-Up Feature allows non-selected CPUs to ignore the 
remainder of the message until the beginning of the next 
message by setting the Wake-Up bit. 

Counter/Latch Logic 

The devices contain two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the counters. 
Counter A has one 16-bit latch and Counter B has two 16-bit 
latches. Each counter can be independently programmed to 
operate in one of four modes: 




Counter A 

• Pulse width 
measurement 

> Pulse Generation 
» Interval Timer 

► Event Counter 



Counter B 

• Retriggerable Interval 
Counter 

• Assymmetrical Pulse 
Generation 

• Interval Timer 

• Event Counter 



Mode Control Register {fACR) 

The Mode Control Register contains control bits for the multi- 
function I/O ports and mode select bits for Counter A and 
Counter B. 
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Ports C and D Operation Modes 

There are four operating modes available in ports C and D, soft- 
ware programmable via the Mode Control Register. The full 
address mode allows access to a full 65K bytes of external 
storage. In this mode PC6 and PC7 are automaticallyu used for 
A13 and A14. In the Input/Output mode the four ports are all 
used for I/O. In the abbreviated and multiplexed modes some 
port pins set up for addressing 64 or 16,384 bytes of external 
memory. 

Interrupt Flag Register (IFR) and 
Interrupt Enable Register (lER) 

The devices include an Interrupt Flat Register and an Interrupt 
Enable Register which flags and controls I/O and counter status. 



XTLO- 
XTL1 - 

Vrr- 

RES- 
NMT- 



DB0-DB7 
A0-A12, 
A15 ' 
SYNC-- 

R/w"-« 



R6501Q or R6511Q 



FFFE 
FFFC 
FFFA 



IRQ 




RES 




NMI 




USER PROGRAM 


/ 

/ 
/ 

/ 

/ 
/ 
/ 
/ 


INTERNAL 
RAM (192) 


RESERVED 


/ 

/ 


I/O & REGISTERS 























». 




CLOCK 
OSCILLATOR 




EDGE DETECT 




























INTERRUPT 
LOGIC 




PORTA 




CO 


■ -^ 
























CPU 




PORT B 




OeO 




























192 X 8 
RAM 




PORT C 




OeO 


<^8r> 


0140 
















BUS CONTROL 




PORTO 




080 




























CONTROL 
REGISTERS 




16 BIT 

COUNTER/LATCH 
A 
























16 BIT 
COUNTER/LATCHES 
B 




SERIAL RECEIVE, 

TRANSMIT 

REGISTERS 






















R6511Q 







PA0-PA7 
(PAO, PA1. 
PA2. PA3 
EDGE 
DETECTS) 



DS(PAO 
■ DATA 
STROBE)* 

PC0-PC7/ 
(A13, A14 
Full 

address 
mode) * 

PD0-PD7/ 
(DATA/ADDR 
BUS 
A4-A11) 



^ CA (PA4)'- 
.►CB(PA5)* 



-*- SO (PA6)* 
- SJ (PA7)* 



'MULTIPLEXED FUNCTIONS PINS (Software Sefectable) 



BLOCK DIAGRAM 



INTERNAL REGISTERS 





Lower Counter B 
Upper Counter B 
Lower Counter B # 


Upper Latch B* # 
Upper Latch B 
Lower Latch B 


001 F 
001 E 
001D 
001 C 


Lower Counter A 
Upper Counter A 
Lower Counter A # 


Upper Latch A* # 
Upper Latch A 
Lower Latch A 


001 B 
001 A 
0019 
0018 


Ser Rec Data Reg. . 
Serial Status Reg. 
Serial Control Reg. 
Mode Control Reg. 


Ser Trans Data Reg. 
Serial Status Reg. (1) 
Serial Control Reg. 
Mode Control Reg. 


0017 
0016 
0015 
0014 


Interrupt Enable Reg 
Interrupt Flag Reg. 
Read FF 


Interrupt Enable Reg. 
CIr Interrupt Flag (2) 


0013 
0012 
0011 
0010 


USER AVAILABLE 


OOOF 
0007 


(Reserved for I/O ports E, F, & G when 
emulating the R6500/1 2) 


0006 
0004 


I/O PORT D 
I/O PORT C 
I/O PORT B 
I/O PORT A 


0003 
0000 



MEMORY MAP 



*— LOAD & START COUNTER 
# CLEAR FLAG 
(1)BITS4&50NLY 
(2) BITS 0-3 ONLY 
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KEY REGISTER SUMMARY 



ACCUMULATOR 



c 



3 INDEX REGISTER Y 



~\ INDEX REGISTER X 



I PCL I PROGRAM COUNTER PC 

7 

I 



STACK POINTER 



|n| v| I B I D I I 1 Z I C I PROCESSOR STATUS REG P 



CPU Registers 



7 


6 


5 


4 


3 


2 


1 





Addr0014 












1 I <ioun.er'A 














Counters Mode Select 












Mode Select 6 6 Interval Timer 












1 Pulse Generation 












1 — Event Counter 


Bus Mode Select 
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NOTES 

Not initialized by RES 
@ Set to Logic 1 by RES 



Processor Status Register 



-OFull Addr Mode 
-1 Normal 
-OAbbr.Bus 
-1 Mux'd Bus 



Mode Control Register 



- CARRY (C) O 

1 = Carry Set 
= Carry Clear 

- ZERO(Z)0 




- INTERRUPT DISABLE (I) (2) 



- IRQ Interrupt Disabled 
-. IRQ Interrupt Enabled 



- DECIMAL MODE (D) (T) 



- Decimal Mode 
= Binary Mode 



- BREAK COMMAND (B) © 



• OVERFLOW (0)0 



- NEGATIVE (N)0 



Addr 0012 



XMTR 
Flag 



[_ PAO Positive 
Edge Detect 
PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
PA3 Negative 
Edge Detect 
Counter A 
Underflow Flag 
- Counter B 
Underflow Flag 
RCVR 
Flag 



Interrupt Enable and Flag Registers 



O^Odd Parity 
1~Even Parity 
Parity Disable 
L 1 Parity Enable 
0~8 Bits/Char 

1~7 Bits/Char 

1 0'^ 6 Bits/Char 
1 1 -. 5 Bits/Char 

-_ XMTR & RCVR ASYN Mode 
1 XMTR ASYN. RCVR S/R 

1 -— X XMTR S/R, RCVR ASYN 



RCVR Disable 

1 RCVR Enable 

XMTR Disable 

1 XMTR Enable 



L RCVR Data 
Reg Full 
RCVR Over-Run 



Serial Communications Control Register 



Parity Error 
Frame Error 
Wake-Up 
End of Transmission 
XMTR Data Reg Empty 
- XMTR Under-Run 

Serial Communications Status Register 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc & Vrr 


~ 0.3 to + 7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 


J 


Oto +70 


•'C 


Storage Temperature Range 


"•"STG 


-55 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC CHARACTERISTICS 

(Vcc = 5V ±5%Vss = 0) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Power Dissipation (Outputs High) 
Commercial at as^C 


Pd 





— . 


1200 


mW 


RAM Standby Voltage (Retention Mode) 


Vrr 


3.0 


— 


Vcc 


Vdc 


RAM Standby Current (Retention Mode) 
Commercial at 25*'C 


Irr 





4 





mAdc 


Input High Voltage Except XTLI 


V,H 


+ 2.0 


— 


Vcc 


Vdc 


Input High Voltage (XTLI) 


V,H 


+ 4.0 


— 


Vcc 


Vdc 


Input Low Voltage 


V,L 


-0.3 


- 


+ 0.8 


Vdc 


Input Leakage Current (RES, NMI) 
V,N « Oto 5.0 Vdc 


l|N 


— 


— 


±10 


tiAdc 


Input Low Current 
(V,L = 0.4 Vdc) 


i|L 


— 


- 1 .0 


-1.6 


mAdc 


Output High Voltage Except XTLO 
('load - -lOO^dc) 


VoH 


+ 2.4 


— 


Vcc 


Vdc 


Output Low Voltage 
(Iload = 1-5mAdc) 


Vol 


— 


— 


+ 0.4 


Vdc 


Input Capacitance 
(V|n -0, Ta = 25°C, f = 1.0 MHz) 
XTLI, XTLO 
All Others 


C|N 


- 


- 


50 
10 


PF 


I/O Port Pull-Up Resistance 
PA0-PA7, PB0-PB7, PC0-PC7 
R6501Q only 


Rl 


3.0 


6.0 


11.5 


Kfi 


Note: Negative sign indicates outward current flow, positive indicates inward flow. | 



AC CHARACTERISTICS 

(Vcc = 5V ±6»/i)Vss = 



Parameter 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


XTLI Input Clock Cycle Time 


TcYC 


1.0 


10.0 


0.500 


10.0 


Atsec 


Internal Write to Peripheral Data Valid 
(TTL) 


Tpow 


1.0 




0.5 




^sec 


Peripheral Data Setup Time 


TpDSU 


500 




500 




nsec 


Count and Edge Detect Pulse Width 


Tpw 


1.0 




0.5 




^sec 
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PACKAGE DIMENSIONS 



Interface Diagram 
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DESCRIPTION 

The R6520 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When 
coupled with the power and speed of the R6500, R6500* or 
R66C00 family of microprocessors, the R6520 allows Implemen- 
tation of very complex systems at a minimum overall cost. 

Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to "handshake" data between 
the processor and a peripheral device. 



ORDERING INFORMATION 



Part Number 
R6520 

I- Temperature Range (Tl to Th): 
Blank = 0°Cto+70°C 
E = -40°Cto+85°C 

•— Package: 

C = Ceramic 
P = Plastic 

— Frequency Range: 
No letter = 1 MHz 
A = 2 MHz 



FEATURES 

• Direct replacement for MC6820 PIA 

• Two 8-bit bidirectional I/O ports with individual data direction 
control 

• Automatic "Handshake" control of data transfers 

• Two interrupts (one for each port) with prograni control 

• Commercial and industrial temperature range versions 

• 40-pin plastic and ceramic versions 

• 5 volt ± 5% supply requirements 

• Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 

• 1 and 2 MHz versions 



VssC 


V 

1 


■^ 40 


DCA.J 


PA,C 


2 


39 


IICA2 


PA., C 


3 


38 


IDIRQA 


PA2 c 


4 


37 


D IRQB 


PA3 c 


5 


36 


DRSq 


PA4C 


6 


35 


DRS., 


PA5C 


7 


34 


3 RES 


PAg C 


8 


33 


='°0 


PA,C 


9 


32 


=3°i 


pBq C 


10 


31 


IID2 


PB^ C 


11 


30 


=»D3 


PB2 c 


12 


29 


3^4 


PB3 c 


13 


28 


=305 


PB4 c 


14 


27 


=l°6 


PB5C 


15 


26 


DD, 


PBg C 


16 


25 


D02 


PB, C 


17 


24 


ics^ 


GB, C 


18 


23 


DCS2 


CB2 c 


19 


22 


Dcso 


^ccC 


20 


21 


DR/W 











Figure 1 . R6520 Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The R6520 PIA is organized into two independent sections 
referred to as tlie A Side and the B Side. Each section consists 
of a Control Register (CRA, CRB), Data Direction Register 
(DDRA, DDRB), Output Register (ORA, OBR), Interrupt Status 
Control (ISCA, ISCB), and the buffers necessary to drive the 



Peripheral Interface buses. Data Bus Buffers (DBB) interface 
data from the two sections to the data bus, while the Data Input 
Register (DIR) interfaces data from the DBB to the PIA registers. 
Chip Select and RA/V control circuitry interface to the processor 
bus control lines. Figure 2 is a block diagram of the R6520 PIA. 



IRQA 




DATA BUS 

BUFFER 

(DBB) 



<: 



I 



(d 



£ 



CONTROL 
REGISTER A 
(CRA) 



lOUTPUT bus: 



DATA INPUT 

REGISTER 

(DIR) 



CSO 
CS1 
CS2 
RSO 
RS1 
R/W 
02 
RES 





CHIP 
SELECT 
&R/W 
CONTROL 




^ 

^ 

► 







PERIPHERAL 
OUTPUT 
REGISTER A 
(ORA) 



PERIPHERAL 
OUTPUT 
REGISTER B 
(ORB) 



IQ 



IINPUT bus: 



CONTROL 
REGISTER B 
(CRB) 

— r~ 



IRQB -^- 



INTERRUPT STATUS 
CONTROL A (ISCA) 




CA1 
CA2 



DATA DIRECTION 
REGISTER A 
(DDRA) 



I 



PERIPHERAL 
INTERFACE 
BUFFER A 
(PIBA) 



PERIPHERAL 
INTERFACE 
BUFFER B 
(PIBB) 



I 




DATA DIRECTION 
REGISTER B 
(DDRB) 



INTERRUPT STATUS 
CONTROL B (ISCB) 



CB1 
CB2 




Figure 2. R6520 PIA Block Diagram 
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DATA INPUT REGISTER (DIR) 

When the microprocessor writes data into the PIA, the data 
which appears on the data bus during the 02 clock pulse is 
latched into the Data Input Register (DIR). The data, is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 

CONTROL REGISTERS (CRA and CRB) 

Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7): in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 

DATA DIRECTION REGISTERS (DDRA, DDRB) 

The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a "0" in a bit position in the Data Direction Register causes the 
corresponding Peripheral I/O line to act as an input; a "1" 
causes it to act as an output. 

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a "1," a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a "0," a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1) selects the various internal registers as shown in 
Table 2. 

In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 



PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 

The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 

INTERRUPT STATUS CONTROL (ISCA, ISCB) 

The four interrupt/peripheral control lines (CA1 , CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 

PERIPHERAL I/O PORTS (PA0-PA7, PB0-PB7) 

The Peripheral A and Peripheral B I/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 

Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 

The buffers which drive the Peripheral A I/O lines contain "pas- 
sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 

In the input mode, the pull-up devices are still connected to the 
I/O pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 

The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 



Table 1. Control Registers Bit Designations 



CRA 



CRB 



7 


6 


5 4 3 


2 


1 


IRQA1 


IRQA2 


CA2 Control 


DDRA 
Access 


CA1 Control 






7 


6 


5 4 3 


2 


1 


IRQB1 


IRQB2 


CB2 Control 


DDRB 
Access 


CB1 Control 
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The Peripheral B I/O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 

Another difference between the PA0-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a "high" state or are above 
0.8 volts for a "low" state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 1 milliampere at 1 .5 volts to directly drive the 
base of a transistor switch, such as a Darlington pair. 

Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 

The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B I/O lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 

DATA BUS BUFFERS (DBB) 

The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the D0-D7 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 

INTERFACE SIGNALS 

The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a 02 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 

The PIA interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. 



Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 

CHIP SELECT (CSO, CS1, CS2) 

The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the contents of Control Registers A and B. 

RESET SIGNAL (RES) 

The R eset ( RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 

CLOCK SIGNAL (02) 

The Phase 2 Clock Signal ( 02) is the system clock that triggers 
all data transfers between the CPU and the PIA. 02 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 

READ/WRITE SIGNAL (R/W) 

Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIA. 

REGISTER SELECT (RSO, RS1) 

The two Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. RSO and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 




R6500, 
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OR 

R65C00 

MICROPROCESSOR 
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Figure 3. Interface Signals Relationship 
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Registers (CRA, CRB) the Data Direction Registers (DDRA, 
DDRB) and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 

Table 2. ORA and ORB Register Addressing 



Register 

Address 

(Hex) 


Register 
Select Lines 


Data Direction 
Control 


Register Operation 


RSI 


RSO 


CRA 
(Bit 2) 


CRB 
(Bit 2) 


R/W=H 


R/W=L 





1 

2 
2 
3 


L 
L 
L 
H 
H 
H 


L 
L 
H 
L 
L 
H 


1 



1 




Read PIBA 
Read DDRA 
Read CRA 
Read PIBB 
Read DDRB 
Read CRB 


Write ORA 
Write DDRA 
Write CRA 
Write ORB 
Write DDRB 
Write CRB 



by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and I ROB from this flag is controlled by CRB 
bits. 

Also, both bit 6 and bit 7 of CRB are reset by a " Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 3. 

Table 3. IRQ A and IRQB Control Summary 



Control Register Bits 


Action 


CRA-7=1 and CRA-0=1 


IRQ A goes low (Active) 


CRA-6=1 and CRA-3=1 


IRQA goes low (Active) 


CRB-7=1 andCRB-0=1 


IRQB goes low (Active) 


CRB-6 = 1 and CRB-3=1 


IRQB goes low (Active) 


Note: 

The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 



INTERRUPT REQUEST LINES (IRQA, IRQB) 

The active low Interrupt Request lines (IRQA and IRQB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1.6 milliamps from an external source. This 
permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. 

Each Interrupt Request line has two Interrupt flag bits which can 
cause the Interrupt Request line to go low. These flags are bits 
6 and 7 In the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1 , CA2, 
CB1,CB2). 

CRA bit 7 (IRQA1) is always set by an ac tive transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 

Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the p rocessor to read 
the Peripheral A I/O port. A summary of IRQA control is shown 
in Table 3. 

Control of IRQB is perfo rmed In exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 



INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 

The four interrupt input/ peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PA0-PA7, PB0-PB7). Figure 4 summarizes the operation of 
these control lines. 

CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1 . 
The active transition can be programmed by setting a "0" in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a "1" if it is to be set 
on a positive transition. 

Note: 

A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 

CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 == 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1 . The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 

In the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A I/O port. This mode 
is selected by setting CRA, bit 4 to a and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 
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CA2 INPUT MODE (BIT 5 = 0) 



CONTROL REGISTER A (CRA) 
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CA2 OUTPUT MODE (BIT 5 = 1) 
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CONTROL 
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IRQA 
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CONTROL 
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CONTROL 



CA2 INPUT OR OUTPUT MODE (BIT 5 = or 1) 



Bit 7 IRQA1 FLAG 

1 A transi tion h as occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 
A or by RES. 

No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER A SELECT 

1 Select Output Register A. 

Select Data Direction Register A. 

Bit1 IRQA1 POSITIVE TRANSITION 

1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 

Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1. 

Bit IRQA ENABLE FO R IRQ A1 

1 Enable assertion of I RQA when IRQA1 Flag (bit 7) is set. 
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 



CA2 INPUT MODE (BIT 5 = 0) 



CA2 OUTPUT MODE (BIT 5 = 1) 



Bit 6 IRQA2 FLAG 

1 A transition has occurred on CA2 that satisfies the bit 4 
IRQA2 transition polarity criteria. This fl ag is cleared by 
a read of Output Register A or by RES. 

No transition has occurred on CA2 that satisfies the bit 
4 IRQA2 transition polarity criteria. 

Bit 5 CA2 MODE SELECT 

Select CA2 Input Mode. 

Bit 4 IRQA2 POSITIVE TRANSITION 

1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of CA2. 

Set IRQA2 Flag (bit 6) on a negative (high-to-low) 
transition of CA2. 

Bit 3 IRQA ENABLE FO R IRQ A2 

1 Enable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 

Disable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 



Bit 6 NOT USED 

Always zero. 

Bits CA2 MODE SELECT 

1 Select CA2 Output Mode. 

Bit 4 CA2 OUTPUT CONTROL 

1 CA2 goes low when a zero is written into CRA bit 3. 
CA2 goes high when a one is written into CRA bit 3. 

CA2 goes low on the first negative (high-to-low) 02 
clock transition following a read of Output Register A. 
CA2 returns high as specified by bit 3. 

Bit 3 CA2 READ STROBE RESTORE CONTROL (4 = 0) 

1 CA2 returns high on the next 02 block negative 
transition following a read of Output Register A. 

CA2 returns high on the next active CA1 transition 
following a read of Output Register A as specified by 
bit1. 



Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (ORB) 
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CB2 OUTPUT MODE (BIT 5 = 1) 
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CB2 INPUT OR OUTPUT MODE (BIT 5 = or 1) 



Bit 7 IRQB1 FLAG 

1 A transi tion h as occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 
B or by RES. 

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER B SELECT 

1 Select Output Register B. 

Select Data Direction Register B. 

Bit 1 IRQB1 POSITIVE TRANSITION 

1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1 . 

Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 

Bit IRQB ENABLE FO R IRQ B1 

1 Enable assertion of I RQB when IRQB1 Flag (bit 7) is set. 
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 



082 INPUT MODE (BIT 5=0) 



CB2 OUTPUT MODE (BIT 5 = 1) 



Bite IRQB2FLAG 

1 A transition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity criteria. This f lag is cleared by 
a read of Output Register B or by RES. 

No transition has occurred on CB2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 

BftS CB2 MODE SELECT 

Select CB2 Input Mode. 

Bit 4 IRQB2 POSITIVE TRANSITION 

1 Set IRQB2 Flag (bit 6) on a ppsitive (low-to-high) 
transition of CB2. 

Set IRQB2 Flag (bit 6) on a negative (high-to-low) 
transition of CB2. 

Bits IRQB ENABLE FOR IRQB2 

1 Enable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 

Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 



Bit 6 NOT USED 

Always zero. 

Bits CB2 MODE SELECT 

1 Select CB2 Output Mode. 



Bit 4 

1 



Bits 



CB2 OUTPUT CONTROL 

CB2 goes low when a zero is written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 
CB2 goes low on the first negative (high-to-low) 02 
clock transition following a write to Output Register 8. 
CB2 returns high as specified by bit 3. 

CB2 WRITE STROBE RESTORE CONTROL 
(BIT 4 = 0) 

CB2 returns high on the next 02 clock negative 
transition following a write to Output Register B. 
CB2 returns high on the next active CB1 transition 
following a write to Output Register B as specified by 
bit 1 . 



Figure 4. Control Line Operations Summary (2 of 2) 



2-30 



R6520 



Peripheral Interface Adapter (PIA) 



A second output mode allows CA2 to be used in conjunction 
with CA1 to "handshalce" between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 

The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 or CRA to a 1 or 
a respectively. 

CB1 operates as an interrupt input only in the same manner as 
CA1 . Bit 7 of CRB is set by the active transition selected by bit 
of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1 , differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B Out- 
put Register. Also, the "handshaking" operates on data transfers 
from the processor into the peripheral device. 

READING THE PERIPHERAL A I/O PORT 

Performing a Read operation with RS1 = 0, RSO = and the 
Data Direction Register Access Control bit (CRA-2) = 1 , directly 



transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and 
interpret only those bits which are important to the particular 
peripheral operation being performed. 

Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is true when the I/O pin is not allowed to go to a full 
+ 2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1. 



READING THE PERIPHERAL B I/O PORT 

Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. 
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Figure 5. Read Timing Waveforms 
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Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 



Psrsinotor 


Symbol 


1MHz 


2 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


02 Cycle 

02 Pulse Width 

02 Rise and Fall Time 


tcYC 

tc 

trctfc 


1.0 
470 


25 
25 


0.5 
235 


25 
15 


ns 
ns 



READ TIMING 



WRITE TIMING 



PERIPHERAL INTERFACE TIMING 




Address Set-Up Time 


tACR 


150 


_ 


90 


_ 


ns 
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toAR 





— 





— 


ns 


Peripheral Data Set-Up Time 


tpCR 


300 


— 


150 


— 


ns 


Data Bus Delay Time 


tcDR 


_ 


395 


— 


190 


ns 


Data Bus Hold Time 


tHR 


10 


— 


10 


— 


ns 



Address Set-Up Time 


Ww 


180 


_ 


90 


— 


ns 


Address Hold Time 


^CAW 





— 





, — 


ns 


R/W Set-Up Time 


twcw 


130 


— 


65 


— 


ns 


FVW Hold Time 


*cww 


50 


— 


25 


: ■ '— • 


ns 


Data Bus Set-Up Time 


bcw 


300 


— 


150 


— 


ns 


Data Bus Hold Time 


*HW 


10 


— 


10 


— 


ns 


Peripheral Data Delay Time 


tcpw 


— , 


1.0 


— 


0.5 


fiS 


Peripheral Data Delay Time to 


tcvios 


— 


2.0 


• ■— ■ 


1.0 


MS 


CMOS Level 
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tpCR 
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ns 
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AtS 
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,— ' .,■•, 
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MS 
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tRS2 
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2.0 
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1.0 


fiS 


02 High to CB2 Low Delay 


tcB2 
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1.0 


— 


0.5 


MS 


Peripheral Data Valid to CB2 Low Delay 


toe 





1.5 





0.75 


MS 
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1.0 
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0.5 


MS 
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1.0 


MS 
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1.0 


MS 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +Vcc 


Vdc 


Operating Temperature Range 
Commercial 
Industrial 


Ta 


Tl Th 

to +70 

-40 to +85 


^C 


Storage Temperature 


TSTG 


-55 to +150 


*C 



*NOTE: Stresses above those listed may cause permanent 
damage to ttie device. Tliis is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


O'C to 70OC 
-40«Cto +85*'C 



DC CHARACTERISTICS 

(Vcc = 5.0V ±50/0. Vss = 0. Ta 



Tl to Th, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ.3 


Max. 


Uniti 


Test Conditions 


Input High Voltage 


V,H 


+ 2.0 


— 


Vcc 


V 




Input Low Voltage 


V,L 


-0.3 


— 


+ 0.8 


V 




Input Leakage Current 
R/W, RES, RSO, RSI. CSO. CS1, CS2, 
CA1,CB1,02 


l|N 


" 


±1 


±2.5 


Ilk 


V,N = OV to 5.25V 
Vcc = OV 


Output Leakage Current for Three-State Off 
D0-D7, PB0-PB7, CB2 


•tsi 


— 


±2 


±10 


yA 


V|N = 0.4V to 2.4V 
Vcc = 5-25V 


Input High Current 
PA0-PA7. CA2 


l|H 


-100 


-250 


— 


fiA 


V,H = 2.4V 


Input Low Current 
PA0-PA7, CA2 


l|L 


— 


-1 


-1.6 


mA 


V,L = 0.4V 


Output High Voltage 
All outputs 
PB0-PB7, CB2 (Darlington Drive) 


VoH 


2.4 
1.5 


- 


- 


V 
V 


Vcc = 4.75V 
Iload = -100^ 
•load = -10 TiA 


Output Low Voltage 


Vol 


— 


— 


+ 0.4 


V 


Vcc - 4.75V 
Iload = 1 -6 mA 


Output High Current (Sourcing) 
Logic 
PB0-PB7, CB2 (Darlington Drive) 


Iqh 


-100 
-1.0 


-1000 
-2.5 


-10 


mA 


VoH = 2.4V 
VoH = 1-5V 


Output Low Current (Sinking) 


Iql 


1.6 


— 


— 


mA 


Vol = 0-4V 


Output Leakage Current (Off State) 
IROA. IRQB 


loFF 


— 


1 


± 10 


,iA 


VoH = 2.4V 
Vcc = 5.25V 


Power Dissipation 


Pd 




200 


500 


mW 




Input Capacitance 
D0-D7, PA0-PA7. PB0-PB7. CA2, CB2 
R/W, RES, RSO, RSI, CSO, CSl, CS2 
CA1, CB1,02 


C,N 


- 


- 


10 
7.0 
20 


PF 


Vcc = 5.0V 
V,N = OV 
f = 2 MHz 
Ta = 25°C 


Output Capacitance 


CouT 


— 


— 


10 


PF 




Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc = 5.0V and T^ = 25°C. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



40 

) 

1 




21 
20 


1 

L B 


1 


A — 







^r F 



ff 



H - 



' D 



SEATING PLANE j 
G 



=m^ 



J M -1 



40-PIN PLASTIC DIP 



^r^r^i^f\f^f\f\^f^f^r>f^r^f->f^f^f\r,t^ 



VXr V U V V U VU U U U y IJ W V U U V U 



C^ 



fWW 



H- — G— — I -F — l-D K ,/|. 



it 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51 .31 


1.980 


2.020 


B 


14,86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0,100 


0.165 


D 


0.38 


0.53 


0.015 


1 0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 


BSC 


0,100 BSC 1 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0,008 


0.013 


K 


2,54 


4,19 


100, 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 





10- 





10 


N 


0.51 


1,52 


0.020 


0.060 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51,28 


52.32 


2.040 


2.060 


B 


13,72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0,140 


0:200 





0,36 


0.51 


0,014 


0,020 


F 


1,02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0,085 


J 


0.20 


0,30 


0.008 


0.012 


K 


3.05 


3,56 


0.120 


0.140 


L 


15,24 BSC 


0.600 BSC 


M 


7' 


10 


7 


10 


N 


0.51 


1.02 


0.020 


0.040 
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DESCRIPTION 

The R6522 Versatile Interface Adapter (VIA) is a very flexible I/O 
control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, a serial-to-parallel/parallel-to 
serial shift register and input data latching on the peripheral 
ports. Expanded handshaking capability allows control of 
bidirectional data transfers between VIA's in multiple processor 
systems. 

Control of peripheral devices is handled primarily through two 
8-blt bidirectional ports. Each line can be programmed as either 
an input or an output. Several peripheral I/O lines can be 
controlled directly from the interval timers for generating 
programmable frequency square waves or for counting exter- 
nally generated pulses. To facilitate control of the many powerful 
features of this chip, an interrupt flag register, an interrupt enable 
register and a pair of function control registers are provided. 



FEATURES 

• Two 8-bit bidirectional I/O ports 

• Two 16-bit programmable timer/counters 

• Serial data port 

• TTL compatible 

• CMOS compatible peripheral control lines 

• Expanded "handshake" capability allows positive control of 
data transfers between processor and peripheral devices. 

• Latched output and input registers 

• 1 MHz and 2 MHz operation 

• Single + 5V power supply 



ORDERING INFORMATION 



Part Number: 
R6522 



Temperature Range 
Blank = 40*0 10 +70°C 
E = 40°Cto +85°C 

Package 

C = Ceramic 
P « Plastic 

Frequency 
No Letter = 1 MHz 
A = 2 MHz 
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INTERFACE SIGNALS 



RESET (RES) 

A low reset (RES) input clears all R6522 internal registers to logic 
(except T1 and T2 latches and counters and the Shift Register). 
This places all peripheral interface lines in the input state, disa- 
bles the timers, shift register, etc. and disables interrupting from 
the chip. 

INPUT CLOCK (PHASE 2) 

The input clock is the system 02 clock and triggers all data 
transfers between processor bus and the R6522. 

READ/WRITE (R/W) 

The direction of the data transfers between the R6522 and the 
system processor is controlled by the RW line in conjunction with 
the CS1 and CS2 inputs. When R/W is low, (write operation) and 
the R6522 is selected), data Is transferred from the processor bus 
into the selected R6522 register. When R/W is high, (read opera- 
tion) and the R6522 is selected, data Is transferred from the 
selected R6522 register to the processor bus. 

DATA BUS (D0-D7) 

The eight bidirectional data bus lines transfer data between the 
R6522 and the system processor bus. During read cycles, the 
contents of the selected R6522 register are placed on the data 
bus lines. During write cycles, these lines are high-impedance 
inputs and data is transferred from the processor bus into the 
selected register. When the R6522 Is not selected, the data bus 
lines are high-impedance. 



CHIP SELECTS (CS1, CS2) 

The two chip select inputs are normally connected to processor 
address lines either directly or through decoding. T he se lected 
R6522 register is accessed when CS1 is high and CS2 is bw. 

REGISTER SELECTS (RS0-RS3) 

The coding of the four Register Select inputs select one of the 1 6 
internal registers of the R6522, as shown in Table 1 . 

INTERRUPT REQUEST (IRQ) 

The Interrupt Request output goes low whenever an internal 
interrupt flag is set and the corresponding interrupt enable bit is a 
logic 1 . This output is open-drain to allow the interrupt request 
signal to be wire-OR'ed with other equivalent signals in the 
system. 

PERIPHERAL PORT A (PA0-PA7) 

Port A consists of eight lines which can be individuallly pro- 
grammed to act as inputs or outputs under control of Data Direc- 
tion Register A. The polarity of output pins is controlled by an 
Output Register and input data may be latched into an internal 
register under control of the CA1 line. All of these modes of oper- 
ation are controlled by the system processor through the internal 
control registers. These lines represent one standard TTL load in 
the input mode and will drive one standard TTL load in the output 
mode. Figure 2 illustrates the output circuit. 
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PERIPHERAL 
INTERFACE 



-► CB2 



CO 



PB0-PB7 



Figure 1. R6522 VIA Interface Signals 
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PORT A CONTROL LINES (CA1, CA2) 

The two Port A control lines act as interrupt inputs or as hand- 
shake outputs. Each line controls an Internal interrupt flag with a 
corresponding interrupt enable bit. In addition, CM controls the 
latching of data on Port A input lines. CA1 is a high-impedance 
Input only while CA2 represents on© standard TTL load In the 
input mode. CA2 will drive one standard TTL load in the output 
mode. 

PORT B (PB0-PB7) 

Peripheral Port 6 consists of eight bidirectional lines which are 
controlled by an output register and a data direction register in 
much the same manner as the Port A. In addition, the polarity of 
the PB7 output signal can be controlled by one of the interval tim- 
ers while the second timer can be programmed to count pulses 
on the PB6 pin. Port B lines represent one standard TTL load in 



the input mode and will drive one standard TTL load in the output 
mode. In addition, they are capable of sourcing 1 .0 mA at 1 .5 Vdc 
In the output mode to allow the outputs to directly drive Darlington 
transistor circuits. Figure 3 Is the circuit schematic. 

PORT B CONTROL LINES (CB1 , CB2) 

The Port B control lines act as interrupt inputs or as handshake 
outputs. As with CA1 and CA2, each line controls an interrupt 
flag with a corresponding interrupt enable bit. In addition, these 
lines act as a serial port under control of the Shift Register. These 
lines represent one standard TTL load in the input mode and 
will drive one standard TTL load in the output mode. CB2 can 
also drive a Darlington transistor circuit; however, CB1 cannot 



Table 1. R6522 Register Addressing 



Register 
Number 


RS Coding 


Register 
Deslg. 


Register/Description | 


RSd 


RS2 


R61 


R^ 


Write (R/W=L) 


Read(R/W= H) 

















ORB/IRB 


Output Register B 


Input Register B 


1 













ORA/IRA 


Output Register A 


Input Register A 


2 








1 





DDRB 


Data Direction Register B 


3 








1 




DORA 


Data Direction Register A 


"■ A 





1 








T1C-L 


T1 Low-Order Latches | T1 Low-Order Counter 


5 





1 







TiC-H 


T1 High-Order Counter 


6 





1 


1 





T1L-L 


T1 Low-Order Latches 


7 





1 


1 




T1L-H 


T1 High-Order Latches 




8 













T2C-L 


T2 Low-Order Latches 


T2 Low-Order Counter 


9 












T2C-H 


T2 High-Order Counter 


10 







1 





SR 


Shift Register 


11 







1 




ACR 


Auxiliary Control Register 


12 




1 








PCR 


Peripheral Control Register 


13 




1 







IFR 


Interrupt Flag Register 


14 




1 


1 





lER 


Interrupt Enable Register 


15 




1 


1 




ORA/IRA 


Output Register B* 


Input Register B* 1 


NOTE: •Same as Register 1 except no handshake. | 



+5V 
P 



I/O CONTROL 
OUTPUT DATA 



OH^ 



INPUT DATA ■*- 



_^ PA0-PA7, 
CA2 



Figure 2. Port A Output Circuit 
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CONTROL 



OUTPUT _ 
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+ 5V 



^=F=CH1 



^^ 



INPUT DATA*- 



PB0-PB7, 
CB1, CB2 



Figure 3. Port B Output Circuit 
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FUNCTIONAL DESCRIPTION 



The internal organization of tlie R6522 VIA Is illustrated in Figure 
4. 

PORT A AND PORT B OPERATION 

The R6522 VIA has two 8-bit bidirectional I/O ports (Port A and 
Port B) and each port has two associated control lines. 

Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as 
inputs or outputs. A in a bit of the Data Direction Register 
causes the corresponding peripheral pin to act as an input. A 1 
causes the pin to act as an output. 

Each peripheral pin is also controlled by a bit in the Output Regis- 
ter (ORA, ORB) and the Input Register (IRA, IRB). When the pin is 
programmed as an output, the voltage on the pin is controlled by 
the corresponding bit of the Output Register. A 1 in the Output 
Register causes the output to go high, and a "0" causes the out- 
put to go low. Data may be written into Output Register bits corre- 
sponding to pins which are programmed as inputs. In this case, 
however, the output signal is unaffected. 



Reading a peripheral port causes the contents of the Input Regis- 
ter (IRA, IRB) to be transferred onto the Data Bus. With Input 
latching disabled, IRA will always reflect the levels on the PA 
pins. With input latching enabled, IRA will reflect the levels on the 
PA pins at the time the latching occurred (via CA1). 

The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When 
reading IRA, the level on the pin determines whether a or a 1 is 
sensed. When reading IRB, however, the bit stored in the output 
register, ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output "1 " down or which 
pull an output "0" up, reading IRA may result in reading a "0" 
when a "1 " was actually programmed, and reading a "1 " when 
a "0" was programmed. Reading IRB, on the other hand, will 
read the "1" or "0" level actually programmed, no matter what 
the loading on the pin. 

Figures 5 through 8 illustrate the formats of the port registers. 
In addition, the input latching modes are selected by the Auxiliary 
Control Register (Figure 14). 
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I — \ -JM 

rV" ENABLE 
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Figure 4. R6522 VIA Block Diagram 
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HANDSHAKE CONTROL OF DATA TRANSFERS 



The R6522 allows positive control of data transfers between the 
system processor and peripheral devices through the operation 
of "handshake" lines. Port A lines (CA1 , CA2) handshake data 
on both a read and a write Operation while the Port B lines (CB1 , 
CB2) handshake on a write operation only. 

Read Handshake 

Positive control of data transfers from peripheral devices into the 
system processor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must gen- 
erate the equivalent of a "Data Ready" signal to the processor 
signifying that valid data is present on the peripheral port. This 
signal normally interrupts the processor, which then reads the 



data, causing generation of a "Data Taken" signal. The periph- 
eral device responds by making new data available. This process 
continues until the data transfer is complete. 

In the R6322, automatic "Read" Handshaking is possible on the 
Peripheral A port only. The CA1 interrupt input pin accepts the 
"Data Ready" signal and CA2 generates the "Data Taken" sig- 
nal. The "Data Ready" signal will set an internal flag which may 
interrupt the processor or which may be polled under program 
control. The "Data Taken" signal can either be a pulse or a level 
which is set low by the system processor and is cleared by the 
"Data Ready" signal. These options are shown in Figure 9 which 
illustrates the normal Read Handshake sequence. 



REG 0->ORB/IRB 



' PBO 

- PB1 

- PB2 

■ PB3 

■ PB4 
• PB5 



OUTPUT REGISTER 
"B" (ORB) OR 
INPUT REGISTER 
"B" (IRB) 



PIN 

DATA DIRECTION 

SELECTION 


WRITE 


READ 


DDRB - "I" (OUTPUT) 


MPU WRITES OUTPUT LEVEL 
(ORB) 


MPU READS OUTPUT REGISTER 
BIT IN ORB. PIN LEVEL HAS NO 
AFFECT 


DDRB = "0" (INPUT) 

(INPUT LATCHING DISABLED) 


MPU WRITES INTO ORB, BUT 
NO EFFECT ON PIN LEVEL, 
UNTIL DDRB CHANGED 


MPU READS INPUT LEVEL ON PB 
PIN 


DDRB - "0" (INPUT) 
(INPUT LATCHING ENABLED) 


MPU READS IRB BIT. WHICH IS THE 
LEVEL OFTHE PB PIN ATTHE TIME 
OF THE LAST CB1 ACTIVE 
TRANSITION 



Figure 5. Output Register B (ORB), Input Register B (IRB) 



REG 2— DDRB 



E 



' PB2 

- PB3 

- PB4/PA4 
. PB5/PA5 

- PB6/PA6 
. PB7/PA7 



DATA DIRECTION 
REGISTER "B" (DDRB) 



ASSOCIATED PB PIN IS AN INPUT 
(HIGH IMPEDANCE) 
ASSOCIATED PB PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 
ORB REGISTER BIT 



REG 1— ORA/IRA 



6 5 4 3 2 10 



- PAO 

- PA1 

- PA2 
' PA3 
-PA4 
-PAS 
-PA6 
-PA7 



OUTPUT REGISTER 
"A"(0RA)6r 
INPUT REGISTER 
"A" (IRA) 



PIN 

DATA DIRECTION 

SELECTION 


WRITE 


READ 


DDRA - "1" (OUTPUT) 
(INPUT UTCHING DISABLED) 


MPU WRITES OUTPUT LEVEL 
(ORA) 


MPU READS LEVEL ON PA PIN 


DDRA - "1" (OUTPUT) 
(INPUT LATCHING ENABLED) 


MPU READS IRA BIT WHICH IS THE 
LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION 


DDRA - "0" (INPUT) 
(INPUT LATCHING DISABLED) 


MPU WRITES INTO ORA. BUT 
NO EFFECT ON PIN LEVEL. 
UNTIL DDRA CHANGED 


MPU READS LEVEL ON PA PIN 


DDRA - "0" (INPUT) 
(INPUT LATCHING ENABLED) 


MPU READS IRA BIT, WHICH IS THE 
LEVEL OF THE PA PIN ATTHE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION 



Figure 6. Output Register A (ORA), Input Register A (IRA) 



REG3-DDRA 



j 7 j 6 j 5 I* 1 3 J2 1 1 joj 




... 



















PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7__ 

"0" ASSOCIATED PA PIN IS AN INPUT 

(HIGH IMPEDANCE) 
"1" ASSOCIATED PA PIN IS AN OUTPUT 

WHOSE LEVEL IS DETERMINED BY 

ORA REGISTER BIT 



DATA DIRECTION 
REGISTER "A" (DDRA) 



Figure 7. Data Direction Register B (DDRB) 



Figure 8. Data Direction Register A (DDRAO) 
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*2 _n_jn_jn_j-i_^g-i_rT_r 
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IRQ OUTPUT 
READ IRA OPERATION 
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HANDSHAKE MODE "" " 

(CA2) 

"nATATAIfPN" 


; 






■n 




PULSE MODE 
(CA2) 




■ ^,.. •■■ 1 











Write Handshake 



Figure 9. Read Handstiaice Timing (Port A, Only) 



The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to that 
described for Read IHandshalcing. However, for Write Handshak- 
ing, the R6522 generates the "Data Ready" signal and the 
peripheral device must respond with the "Data Taken" signal. 
This can t)e accomplished on both the PA port and the PB port on 
the R6522. CA2 or CB2 act as a "Data Ready" output in either 
the handshake mode or pulse mode and CA1 or CB1 accept the 
"Data Taken" signal from the peripheral device, setting the inter- 
rupt flag and clearing the "Data Ready" output. This sequence 
is shown in Figure 10. 

Selection of operating modes for CA1, CA2, CB1. and CB2 is 
accomplished by the Peripheral Control Register (Figure 11). 



REG 12-PERIPHERAL CONTROL REGISTER 



CB2 CONTROL- 



7 


6 


5 


OPERATION 











INPUT-NEGATIVE ACTIVE EDGE 








r 


INOEPENOEIVT INTERRUPT 
INPUT NEC EDGE 





1 





INPUT POSITIVE ACTIVE EDGE 





1 


1 


INDEPENDENT INTERRUPT 
INPUT-PCS EDGE 


1 








HANDSHAKE OUTPUT 


1 





1 


PULSE OUTPUT 


1 


1 





LOW OUTPUT 


1 


1 


1 


HIGH OUTPUT 



CB1 INTERRUPT COIUTROL - 



- NEGATIVE ACTIVE EDGE 

1 » POSITIVE ACTIVE EDGE 



. ■ ' ' ; 



- CA1 INTERRUPT CONTROL 

I = NEGATIVE ACTIVE EDGE I 
I 1 ' POSITIVE ACTIVE EDGE | 

— CA2 CONTROL 



3 


2 


1 


OPERATION 











INPUT NEGATIVE ACTIVE EDGE 








' 


INDEPENDENT INTERRUPT 
INPUT NEG EDGE 





1 





INPUT POSITIVE ACTIVE EDGE 





1 


\ 


INDEPENDENT INTERRUPT 
INPUT POS EDGE 


1 








HANDSHAKE OUTPUT 


r 





1 


PULSE OUTPUT 


1 


1 





LOW OUTPUT 


1 


1 


1 


HIGH OUTPUT 



Figure 1 1 . Peripherai Controi Register (PCR) 



WRITE ORA, ORB 
OPERATION 

"DATA READY" 
HANDSHAKE MODE 
(CA2, CB2) 

DATA READY 
PULSE MODE 
(CA2, CB2) 
••DATA TAKEN 
(CAI, CB1) 

IRQ OUTPUT 




Figure 10. Write Kiandshake Timing 
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COUNTER/TIMERS 



There are two Independent 16-blt counter/timers (called Timer 1 
and Timer 2) In the R6522. Each timer Is controlled by writing bits 
Into the Auxiliary Control Register (ACR) to select the mode of 
operation (Figure 14). 



the latches into the counter and continues to decrement. In ad- 
dition, the timer may be programmed to Invert the output signal 
on a peripheral pin (PB7) each time it "times-out". Each of these 
modes is discussed separately below. 



Timer 1 Operation 

Interval Timer T1 consists of two 8-bit latches (Figure 12) and a 
16-bit counter.(Figure 13). The latches store data which is to be 
loaded into the counter. After loading, the counter decrements 
at 02 clock rate. Upon reaching zero, an interrupt flag is set, and 
IRQ goes low if the T1 Interrupt Is enabled. Timer 1 then disables 
anv further interruots. or automaticallv trahsfefs the contents of 



Note that the processor does not write directly into the low-order 
counter (T1 C-L). Instead, this half of the counter is loaded auto- 
matically from the low order latch (T1L-L) when the processor 
writes Into the high order counter (T1C-H). In fact, It may not be 
necessary to write to the low order counter irrsome applications 
since the timing operation is triggered by writing to the high order 
latch. 



REG 6~TIMER 1 LOW-ORDER LATCH 



7 6 5 4 3 2 10 



COUNT 
VALUE 



- 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES. THIS OPERATION IS NO 
DIFFERENT THAN A WRITE INTO 
REG 4. 

- 8 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED TO MRU, UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG 



REG 7-TII\/IER 1 HIGH-ORDER LATCH 



7 6 5 4 3 2 10 



256 

- 512 

- 1024 
-2048 
-4096 
-8192 

- 16384 

- 32768 



_ COUNT 
VALUE 



WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. UNLIKE REG 4 OPERATION 
NO LATCH-TO-COUNTER TRANSFERS 
TAKE PLACE. 

READ -8 BITS FROM Tl HIGH-ORDER LATCHES 
TRANSFERRED TO MPU. 



Figure 12. Timer 1 (Tl) Latch Registers 



REG 4-TIMER 1 LOW-ORDER COUNTER 



REG 5-TIMER 1 HIGH-ORDER COUNTER 



7 6 5 4 3 2 10 



-128 



COUNT 
VALUE 



5 4 3 2 10 



-256 
-512 
-1024 

- 2048 

- 4096 

- 8192 
-16384 

- 32768 



COUNT 
VALUE 



WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
UTCHES. LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER IS LOADED (REG 5). 

READ -8 BITS FROM Tl LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
Tl INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER). 



WRITE - 8 BITS LODED INTO T1 HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH- AND LOW-ORDER LATCHES 
TRANSFERRED INTO T1 COUNTER, 
Tl INTERRUPT FLAG ALSO IS RESET. 

READ - 8 IBTS FROM Tl HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 



Figure 13. Timer 1 (Tl) Counter Registers 



2-42 



R6522 



Versatile Interface Adapter (VIA) 



REG 11 -AUXILIARY CONTROL REGISTER 



T1 TIMER CONTROL- 



7 


6 


OPERATION 


PB7 








TIMED INTERRUPT 
EACH TIME T1 IS 
LOADED 


DISABLED 





1 


CONTINUOUS 
INTERRUPTS 


1 





TIMED INTERRUPT 
EACH TIME T1 IS 
LOADED 


ONE-SHOT 
OUTPUT 


1 


1 


CONTINUOUS 
INTERRUPTS 


SQUARE 

WAVE 

OUTPUT 



T2 TIMER CONTROL- 



T 


OPERATION 





TIMED INTERRUPT 


1 


COUNT DOWN WITH 
PULSES ON PB6 



LATCH ENABLE/DISABLE 



- SHIFT REGISTER CONTROL 



4 


3 


2 


OPERATION 











DISABLED 








1 


SHIFT IN UNDER CONTROL OF T2 





1 





SHIFT IN UNDER CONTROL OF tZ 





1 


1 


SHIFT IN UNDER CONTROL OF EXT. CLK 


1 








SHIFT OUT FREE-RUNNING AT T2 RATE 


1 





1 


SHIFT OUT UNDER CONTROL OF T2 


1 


1 





SHIFT OUT UNDER CONTROL OF jSZ 


r 


1 


1 


SHIFT OUT UNDER CONTROL OF EXT. CLK. 




Figure 14. Auxiliary Control Register (ACR) 



Timer 1 One-Shot lUlode 

The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay 
between the "write T1C-H" operation and generation of the pro- 
cessor Interrupt is a direct function of the data loaded into the tim- 
ing counter. In addition to generating a single interrupt, Timer 1 
can be programmed to produce a single negative pulse on the 
PB7 periphral pin. With the output enabled (ACR7=1) a "write 
T1C-H" operation will cause PB7 to go low. PB7 will return high 
when Timer 1 times out. The result is a single programmable 
width pulse. 

T1 intermpt flag will be set, the IRQ pin will go low (interrupt ena- 
bled), and the signal on PB7 will go high. At this time the counter 
will continue to decrement at system clock rate. This allows the 
system processor to read the contents of the counter to deter^ 
mine the time since intermpt. However, the T1 interrupt flag can- 
not be set again unless it has been cleared as described in this 
specification. 



Timing for the R6522 interval timer one-shot modes is shown in 
Figure 15. 

In the one-shot mode, writing into the T1 L-H has no effect on the 
operation of Timer 1 . However, it will be necessary to assure that 
the low order latch contains the proper data before initiating the 
count-down with a "write T1 C-H" operation. When the processor 
writes into the high order counter (T1C-H), the T1 interrupt flag 
will be cleared, the contents of thp low order latch will be 
transferred into the low order counter, and the timer will begin to 
decrement at system clock rate. If the PB7 output is enabled, this 
signal will go low on the <^2 followrng the write operation. 
When the counter reaches zero, the T1 interrupt flag will be set, 
the IRQ pin will go low (interrupt enabled), and the signal on PB7 
will go high. At this time the counter will continue to decrement at 
system clock rate. This allows the system processor to read the 
contents of the counter to determine the time since interrupt. 
However, the T1 interrupt flag cannot be set again unless it has 
been cleared as described in this specification. 



«_rTxi 
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IRQ OUTPUT 
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Figure 15. Timer 1 One-Stiot Mode Timing 
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Timer 1 Free-Run Mode 

The most important advantage associated with the latches in T1 
Is the ability to produqe a continuous series of evenly spaced 
Interrupts and the ability to produce a square wave on PB7 
whose frequency is riot affected by variations In the processor 
interrupt response time. This is accomplished in the "free- 
running" mode. 

In the free-running mode, the interrupt flag Is set and the signal 
on PB7 is inverted each time the counter reaches zero. However, 
Instead of continuing to decrement from zero after a time-out, the 
timer automatically transfers the contents of the latch Into the 
counter (16 bits) and continues to decrement from there. The 
interrupt flag can be cleared by writing T1 C-H, by reading T1 C-L, 
or by writing directly Into the flag as described later. However, it Is 
not necessary to rewrite the timer to enable setting the interrupt 
flag on the next time-out. 

All inten/al timers in the R6522 are "re-triggerable". Rewriting the 



counter will always re-lnitialize the time-out period. In fact, the 
time-out can be prevented completely If the processor continues 
to rewrite the timer before it reaches zero. Timer 1 will operate in 
this manner if the processor writes Into the high order counter 
(T1 C-H), However, by loading the latches only, the processor can 
access the timer during each down-counting operation without 
affecting the time-out in process. Instead, the data loaded into 
the latches will determine the length of the next time-out period. 
This capability is particularly valuable in the free-running mode 
with the output enabled. In this mode, the signal on PB7 Is 
Inverted and the Interrupt flag Is set with each time-out. By 
responding to the interrupts with new data for the latches, the 
processor can determine the period of the next half cycle during 
each half cycle of the output signal on PB7. In this manner, very 
complex waveforms can be generated. 

A precaution to take in the use of PB7 as the timer output con- 
cerns the Data Direction Register contents for PB7. Both DDRB 
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer out- 
put. If one is 1 and the other is 0, then PB7 functions as a normal 
output pin, controlled by ORB bit 7. 



<^2 

WRITE T1C-H 
OPERATION 

IRQ OUTPUT 
PB7 OUTPUT 





L_n^,j-i_n_j 
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nj-Lj-L 
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// 1 
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N + 1.5 CYCLES - 



N + 2 CYCLES - 



Figure 16. Timer 1 Free-Run Mode Timing 



Timer 2 Operation 

Timer 2 operates as an interval timer (in the "one-slot" mode 
only), or as a counter for counting negative pulses on the PB6 
peripheral pin. A single control bit in the Auxiliary Control Register 
selects between these two modes. This timer is comprised of a 
"write-only" lower-order latch (T2L-L), a "read-only" low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). 
The counter registers act as a 16-bit counter which decrements 
at 02 rate. Figure 17 Illustrates the T2 Latch/Counter Registers. 

Timer 2 One-Sliot Mode 

As an Interval timer, T2 operates in the "one-shot" mode similar 
to Time 1. In this mode, T2 provides a single interrupt for each 
"write T2C-H" operation. After timing out.-the counter will con- 
tinue to decrement. However, setting of the interrupt flag is 
disabled after initial time-out so that it will not be set by the counter 



decrementing again through zero. The processor must rewrite 
T2C-H to enable setting of the interrupt flag. The interrupt flag 
is cleared by reading T2C-L or by writing T2C-H. Timing for this 
operation Is shown in Figure 18. 

Timer 2 Pulse Counting Mode 

In the pulse counting mode, T2 counts a predetermined number 
of negative-going pulses on PB6. This is accomplished by first 
loading a number into T2. Writing Into T2C-H clears the internjpt 
flag and allows the counter to decrement each time a pulse is 
applied to PB6. The interrupt flag is set when T2 counts down 
past zero. The counter will then continue to decrement with each 
pulse on PB6. However, It is necessary to rewrite T2C-H to allow 
the interrupt flag to set on a subsequent time-out. Timing for 
this mode is shown in Figure 19. The pulse must be low on the 
leading edge of <A2. 
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REG 8~TIMER 2 LOW-ORDER LATCH/COUNTER 



7 6 5 4 3 2 10 



REG 9— TIMER 2 HIGH-ORDER LATCH/COUNTER 



7 6 5 4 3 2 10 



COUNT 
VALUE 



-256 

-512 

-1024 

-2048 

-4096 

-8192 

- 16384 

-32768, 



COUNT 
VALUE 



WRITE - 8 BITS LOADED INTO T2 LOW ORDER 
LATCH 

8 BITS FROM T2 LOW ORDER COUNTER 
TRANSFERRED TO MPU. T2 INTERRUPT 
FLAG IS RESET. 



READ- 



8 BITS LOADED INTO T"! rUGH ORDER 
COUNTER. ALSO, LOW ORDER LATCH 
TRANSFERRED TO LOW ORDER 
COUNTER. IN ADDITION, T2 INTERRUPT 
FLAG IS RESET. 



Figure 17. Timer 2 (T2) Latcii/Counter Registers 
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IRQ OUTPUT 
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Figure 18. Timer 2 One-Shot IMode Timing 
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Figure 19. Timer 2 Puise Counting Mode 
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SHIFT REGISTER OPERATION 

The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal mOdulo-8 counter. 
Shift pulses can be applied to the CB1 pin from an external 
source or, with the proper mode selection, shift pulses generated 
internally will appear on the CB1 pin for controlling external 
devices. 

The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure 20 
illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 

SR Mode — Disabled 

Mode disables the Shift Register. In this mode the micropro- 
cessor can write or read the SR and the SR will shift on each CB1 
positive edge shifting in the value on CB2. In this mode the SR 
interrupt Flag is disabled (held to a logic 0). 

SR Mode 1 — Shift In Under Control of T2 

In mode 1 , the shifting rate is controlled by the low order 8 bits of 
T2 (Figure 22). S^ift pulses are generated on the CB1 pin to con- 
trol shifting in external devices. The time between transitions of 
this output clock is a function of the system clock period and the 
contents of the low orderT2 latch (N). 



REG 10— SHIFT REGISTER 



7 6 5 4 3 2 10 



SHIFT 
- REGISTER 
BITS 



NOTES: 

1. WHEN SHIFTING OUT. BIT 7 !S THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT 0. 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT AND ARE SHI FTED TOWARDS BIT 7. 



The shifting operation is triggered by the read or write of the SR 
if the SR flag is set in the IFR. Othen/vise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. Data 
is shifted first into the low order bit of SR and is then shifted into 
the next higher order bit of the shift register on the negative-going 
edge of each clock pulse. The input data should change before 
the positive-going edge of the CBl clock pulse. This data is shifted 
into the shift register during the 02 clock cycle following the 
positive-going edge of the CBl clock pulse. After 8 CBl clock 
pulses, the shift register interrupt flag will set and IRQ will go low. 



SR Mode 2 — Shift In Under <|>2 Control 

In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates as 
an independent interval timer and has no effect on SR. The shift- 
ing operation is triggered by reading or writing the Shift Register. 
Data is shifted, first into bit and is then shifted into the next 
higher order bit of the shift register on the trailing edge of each <j)2 
clock pulse. After 8 clock pulses, the shift register interrupt flag 
will be set, and the output clock pulses on CB1 will stop. 



REG 11 -AUXILIARY CONTROL REGISTER 
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1 





SHIFT OUT UNDER CONTROL OF .|.2 
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Figure 20. Shift Registers 



Figure 21 . Shift Register Modes 
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Figure 22. SR IMode 1 — Shift In Under T2 Control 
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SR Mode 3 -- Shift in Under CB1 Control 

In mode 3, external pin OBI becomes an input (Figure 24). This 
allows an extemal device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 8 
bits have been shifted in. However, the shift register counter 
does not stop the shifting operation; it acts simply as a pulse 
counter. Reading or writing the Shift Register resets the Interrupt 
Flag and initializes the SR counter to count another 8 pulses. 

Note that the data is shifted during the first system clock cycle fol- 
lowing the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle follow- 
ing CB1 going high. 

SR Mode 4 — Shift Out Under T2 Control (Free-Run) 

Mode 4 is very similar to mode 5 in which the shifting rate is set by 



T2. However, in mode 4 the SR Counter does not stop the shifting 
operation (Figure 25). Since the Shift Register bit 7 (SR7) is 
recirculated back into bit 0, the 8 bits loaded into the shift register 
will be clocked onto CB2 repetitively. In this mode the shift regis- 
ter counter is disabled. 



SR Mode 5 — Shift Out Under T2 Control 

In mode 6, the shift rate is controlled by T2 (as in mode 4). The 
shifting operation is triggered by the read or write of the SR if the 
SR flag is set in the WR (Figure 26). Othen^rise the first shift will 
occur at the next time-out of T2 after a read or write of the SR. 
However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same 
time, 8 shift pulses are generated on CB1 to control shifting in 
external devices. After the 8 shift pulses, the shifting is disabled, 
the SR Interrupt Flag is set and CB2 remains at the last data 
level. 
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Figure 23. SR Mode 2 — Shift in Center <f>2 Control 
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Figure 24. SR Mode 3 — Shift In Under OBI Control 
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Figure 25. SR Mode 4 — Shift Our Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under <f>2 Control 

In mode 6, the shift rate is controlled by the <^2 system clock (Fig- 
ure 27). 

SR Mode 7 — Shift Out Under CB1 Control 

In mode 7, shifting Is controlled by pulses applied to the CB1 pin 
by an external device (Figure 28). The SR counter sets the SR 



Interrupt Flag each time it counts 8 pulses but it does not disable 
the shifting function. Each time the microprocessor, writes or 
reads the shift register, the SR Interrupt Flag is reset and the SR 
counter is initialized to begin counting the next 8 shift pulses on 
pin GB1. After 8 shift pulses, the Interrupt Flag is set. The 
microprocessor can then load the shift register with the next byte 
of data. 
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Figure 26. SR Mode 5 — Shift Out Under T2 Control 
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Figure 27. SR Mode 6 — Shift Out Under <^2 Control 
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Figure 28. SR Mode 7 — Shift Out Under CB1 Control 
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Interrupt Operation 

Controlling interrupts within the R6522 involves three principal 
operations. These are flagging the interrupts, enabling interrupts 
and signaling to the processor that an active interrupt exists 
within the chip. Interrupt flags are set in the Interrupt Flag Regis- 
ter (iFR) by conditions detected within the R6522 or on inputs to 
the R6522. These flags nonnally remain set until the interrupt 
has been serviced. To determine the source of an interrupt, the 
microprocessor must examine these flags in order, from highest 
to lowest priority. 

Associated with each interrupt flag is an interrupt enable bit in 
the Interrupt Enable Register (lER). This can be set or cleared 
by the processor to enable interrupting the processor from the 
corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an Interrupting condition, and the corresponding inte rrupt 
enable bit is set to a 1, the Interrupt Request Output (IRQ) will 
go low. IRQ is an "open-collector" output which can be "wlre- 
OR'ed" with other devices in the system to Interrupt the processor. 

Interrupt Flag Register (IFR) 

In the R6522, all the interrupt flags are contained in one register. 
I.e., the IFR (Figure 29). In addition, bit 7 of this register will be 
read as a logic 1 when an interrupt exists within the chip. This 
allows very convenient polling of several devices within a system 
to locate the source of an interrupt. 

The Interrupt Flag Register (IRF) may be read directly by the proc- 
essor. In addition, individual flag bits may be cleared by writing 
a "1 " into the appropriate bit of the IFR. When the proper chip 
select and register signals are appplied to the chip, the contents 
of this register are placed on the data bus. Bit 7 indicates the 



statu s of the IRQ output. This bit corresponds to the logic func- 
tion: IRQ = IFR6 X IER6 + IFR5 x IER5 + IFR4 x IER4 + 
IFR3 X IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x~IERO. 

Note: 

X = logic AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared 
by writing a logic 1 into it. It can only be cleared by clearing all the 
flags in the register or by disabling all the active Interrupts as dis- 
cussed in the next section. 

Interrupt Enable Register (lER) 




For each interrupt flag in IFR, there is a corresponding bit in the 
Interrupt Enable Register (lER) (Figure 30). Individual bits in the 
lER can be set or cleared to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished by writing to 
the (lER) after bit 7 set or cleared to, in turn, set or clear selected 
enable bits. If bit 7 of the data placed on the system data bus 
during this write operation is a 0, each 1 in bits 6 through clears 
the corresponding bit in the Interrupt Enable Register. For each 
zero in bits 6 through 0, the corresponding bit is unaffected. 

Selected bits In the lER can be set by writing to the lER with bit 7 
in the data word set to a 1 . In this case, each 1 1n bits 6 through 
will set the corresponding bit. For each zero, the corresponding 
bit will be unaffected. This individual control of the setting and 
clearing operations allows very convenient control of the inter- 
rupts during system operation. 

In addition to setting and clearing lER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic i, 
however. 
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REG 14~INTERRUPT ENABLE REGISTER 



7 6 5 4 3 2 10 



-CA2 
-CA1 

-SHIFT REG 
-CB2 
-CB1 
-TIMER 2 
-TIMER 1 
-SET/CLEAR 



= INTERRUPT 

DISABLED 

1 = INTERRUPT 
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NOTES: 

1. IF BIT 7 IS A "0", THEN EACH "1" IN BITS - 6 DISABLES THE 
CORRESPONDING INTERRUPT. 

2. IF BIT 7 IS A "1", THEN EACH "V* IN BITS 0-6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3. IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE "1" AND 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE. 



Figure 29. Interrupt Flag Register (IFR) 



Figure 30. Interrupt Enable Register (lER) 
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PERIPHERAL INTERFACE CHARACTERISTICS 


Symbol 


Characteristic 


IVIin. 


Max. 


Unit 


Figure 


tpt, 


Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals 


— 


1.0 


fiS 


— 


tcA2 


Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake or 
pulse mode) 


■■■; _ 


1.0 


/tS 


31a, 31b 


tRSl 


Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) 


,.-, . 


1.0 


/tS 


31a 


tRS2 


Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) 


,■ ^ 


2.0 


, /iS 


31b 


twHS 


Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition 
(write handshake) 


0.05 


1.0 


lis 


31c, 31d 


tos 


Delay Time, Peripheral Data Valid to CB2 Negative Transition 


0.20 


1.5 


,iS 


31c, 31d 


tRS3 . 


Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) 


„ -■ .: 


1.0 


/tS 


31c 


tRS4 


Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition 
(handshake mode) 


— 


2.0 


lis 


31 d 


■•■'■■■'■■ W" ■ 


Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 


400 


— 


ns 


31 d 


t,L 


Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) 


300 


— 


ns 


31 e 


w 


CA1, CB1 Setup Prior to Transition to Arm Latch 


300 


—',:', 


ns 


31 e 


tpDH 


Peripheral Data Hold After CA1, CB1 Transition 


150 


— 


ns 


31 e 


■•■ '•tsRl""'' 


Shift-Out Delay Time — Time from <^2 Falling Edge to CB2 Data Out 


— ■ 


300 


ns 


31 f 


tsR2 


Shift-In Setup Time — Time from CB2 Data In to <f>2 Rsing Edge 


300 


— 


ns 


31 g 


tsR3 


External Shift Clock (CBI) Setup Time Relative to <^2 Trailing Edge 


too 


TcY 


ns 


31g 


't|PW 


Pulse Width - PB6 Input Pulse 


2 X TcY 


".-_ 




31 i 


*ICW 


Pulse Width - CB1 , Input Clock 


2 X TcY 


— 




31 h 


t,ps 


Pulse Spacing ^ PB6 Input Pulse 


2xTcY 


— 




31 i 


tics 


Pulse Spacing — CB1 Input Pulse 


2 X TcY 


- 




31 h 
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PERIPHERAL INTERFACE WAVEFORMS 
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Figure 31a. CA2 Timing for Read Handshake, Pulse Mode 
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Figure 31b. CA2 Timing for Read Handshake, Handshake Mode 
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Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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Figure 31 d. CA2, CB2 Timing for Write Handshaice, Handshake iMode 
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Figure 31 e. Peripheral Data input Latching Timing 
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Figure 31f. Timing for Shift Out with Internal or External Shift Clocldng 
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Figure 31 g. Timing for Shift in with Internal or External Shift Clocking 
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Figure 31 h. External Shift CiocIc Timing 
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Figure 311. Puise Count Input Timing 
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BUS TIMING CHARACTERISTICS 








Parameter 


Symbol 


R6522 (1 MHz) 


R6522A (2 MHz) 


Unit 


Min. ] Max. 


Min. 1 Max. 



READ TIMING 



Cycle Time 


Toy 


1 


10 


0.6 


10 


MS 


Address Set-Up Time 


Tacr 


180 


— , 


90 


— 


ns 


Address Hold Time 


TCAR 





— 





— 


ns 


Peripheral Data Set-Up Time 


TPCR 


300 


_ 


150 


— 


ns 


Data Bus Delay Time 


TCDR 


— :'. 


365 


__, ; 


190 


ns 


Data Bus Hold Time 


Thr 


10 


— ' 


10 


— ':.:• 


ns 



WRITE TIMING 














Cycle Time 


TcY 


1 


10 


0.50 


10 


1^ 


02 Pulse width 


Tc 


470 


— 


235 


— 


ns 


Address Set-Up Time 


Tacw 


180 


— 


90 


„ , ,,„ _„, 


ns 


Address Hold Time 


TcAW 





.:;:•■_"■ • 





'__ ' . 


ns 


R/W Set-Up Time 


Twcw 


180 


— 


90 


— 


ns 


R/W Hold Time 


Tcww 





__ . 





_ 


ns 


Data Bus Set-Up Time 


Tqcw 


200 


— 


90 


— 


ns 


Data Bus Hold Time 


T^w 


10 


^. 


10 


— 


ns 


Peripheral Data Delay Time 


TcPw 


__;, 


1.0 


_;■ ■■,'"■' 


0.6 


(iS 


Peripheral Data Delay Time 
to CIViOS Levels 


TcMOS 


— 


2.0 


""— 


1.0 


>s 


Note: tR and tp = 10 to 30 ns. 
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BUS TIMING WAVEFORMS 
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■^-Tcpw-^ 
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0.8V 



Ir 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to -7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Comnnercial 
Industrial 


Ta 


to + 70 
-40 to +85 




Storage Temperature 


"•"STG 


-55 to +150 


°C 



*NOTE: Stresses above those "sted under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to abso- 
lute maximum rating conditions for extended periods may affect 
device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 


Ta 


0°C to 70'>C 



DC CHARACTERISTICS 

(Vcc = 5-0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 



Parameter 


Symbol 


Min. 


Typ.3 


Max. 


Unit 


Test Conditions 


Input High Voltage 


V,H 


2.4 


— 


Vcc 


V 




Input Low Voltage 


V,L 


-0.3 


— 


0.4 


V 




input Leakage Current 
R/W, RES, RSO, RSI, RS2. RS3. CSI. CS2, CA1, 02 


'in 


— 


±1 


±2.5 


mA 


V|N = OV to 5.25V 
Vcc = OV 


Input Leakage Current for Three-State Off 
D0-D07 


'TBI 


— 


±2 


±10 


mA 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Input High Current 
PA0-PA7, CA2, PB0-PB7, CB1, CBS 


'IH 


-100 


-200 


— 


1^ 


V,N = 2.4V 
Vcc = 5.25V 


Input Low Current 
PA0-PA7, CA2, PB0-PB7. CB1, CB2 


'IL 


— 


-0.9 


-1.8 


mA 


V,i. = 0.4V 
Vcc = 5.25V 


Output High Voltage 
All outputs 
PB0-PB7. CB2 (Darlington Drive) 


VoH 


2.4 
1.5 


- 


- 


V 
V 


Vcc = 4.75V 
'load= -100 /tA 
'load = -1.0 mA 


Output Low Voltage 


Vol 


: ■ 


■ -^' 


0.4 


V 


Vcc - 4.75V 
'load— 1-6 mA 


Output High Current (Sourcing) 
Logic ■ ■ 
PB0-PB7, CB2 (Darlington Drive) 


'oh 


-100 
-1.0 


-1000 
-2.5 


-10 


mA 


VoH = 2.4V 
VoH = 1-5V 


Output Low Current (Sinking) 


'OL 


1.6 


— 


— 


mA 


Vol = 0.4V 


Output Leakage Current (Off State) 
IRQ 


'off 


— 


4 


±10 


mA 


VoH = 2.4V 
Vcc « 5.25V 


Power Dissipation 


Pd 


— 


450 


700 


mW 




Input Capacitance 
R/W, RES, RSO, RSI, RS2, RS3, CSl, CS2, 
D0-D7, PA0-PA7. CA1, CA2, PB0-PB7 
CB1,CB2 
92 Input 


C,N 





— 


■■ ''7 •■■ 

10 
20 


PF 
PF 


Vcc - 5.0V 
V,N=.0V 

f = 1 MHz 
Ta = 250C 


Output Capacitance 


Cqut 


,; — ■ ■ 


. — 


10 


pF 




Notes: 

1. All units are direct current (DC) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values shown for Vqc = 5.0V and T^ = 25«C. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



T7 

L B 



f 



HdL. 




40-PIN PLASTIC DIP 

r> i»i n /s r. r. n n t^ A nn n A ri >■ n t^ A ^ 



'J ».; vj u < >; u u u u u v; «j u tj v; M u ^ I 




n"r~ ^ 



^ mJ L* — -L- ^ 



DIM 


MILLIMETEflS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


c 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 


BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


O.07O 


J 


0.20 


33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0= 


10° 


0' 


10= 


N 


0.51 


1S2 


0.020 


0.060 



DIM 


MILLIMETERS 


INCHES 1 


MIN MAX 


MIN 


MAX 


A 


51.28 52.32 


2.040 


2.060 


8 


13.72 14,22 


0.540 


0.560 


C 


3.55 5.08 


0.140 


0.200 


D 


0.36 0.51 


0.014 


0.020 


F 


1.02 1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


305 


3.56 


0.120 


0140 


L 


15.24 BSC 


0.600 BSC 


M 


■ r 


10° 


r 1 10° 


N 


0.51 


1.02 


0.020 1 0.040 
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DESCRIPTION 

The R6530 ROM-RAM-I/O-Timer (RRIOT) combines read only 
memory, random access memory, parallel I/O data ports, and 
timer functions into a single peripheral device which operates 
in conjunction with any CPU in the R6500 microprocessor family. 
The R6530 allows two chip solutions in a variety of production 
applications. It is comprised of a mask programmable 1024 x 
8 ROM, a 64 X 8 static RAM, two software controlled 8-bit 
bidirectional data ports allowing direct interfacing between the 
microprocessor unit and peripheral devices, and a software pro- 
grammable interval timer with interrupt, capable of timing In var- 
ious Intervals from 1 to 262,144 clock periods. 



FEATURES 

• 1024 X 8 mask programmable ROM 

• 64 X 8 static RAM 

• Two 8-bit bidirectional data ports for Interface to peripherals 

• Two programmable data direction registers 

• Programmable interval timer 

• Programmable Interval timer interrupt 

• TTL & CMOS compatible peripheral lines 

• Peripheral pins with direct transistor drive capability 

• 8-blt directional data bus for direct communication with the 
microprocessor 

• High impedance three-state data bus 

• Allows up to 7K contiguous bytes of ROM with no external 
decoding 



ORDERING INFORMATION 



Part Number: R6530_ 



i_ 



Package: 

- Ceramic DIP 
P = Plastic DIP 

Temperature Range: 
0°Cto70°C 

Frequency: 

1 MHz 



Note: A custom part number will be assigned by Rockwell. 
ROM codes should be submitted using ROM Code Order 
Form, Order No. 2137. 



vss 


d 


1 


40 


ZDPA1 


PAO 


d 


2 


39 


3pA2 


02 


cz 


3 


38 


Z1PA3 


RSO 


cd 


4 


37 


I3PA4 


A9 


cz 


5 


36 


Z3PA5 


AS 


c 


6 


35 


ZIPA6 


A7 


cz 


7 


34 


I3PA7 


A6 


cz 


8 


33 


ZIDO 


R/W 


cz 


9 


32 


ZJD1 


A5 


cz 


10 


31 


Z3 02 


A4 


cz 


11 


30 


13 D3 


A3 


cz 


12 


29 


13 04 


A2 


c 


13 


28 


3D5 


A1 


cz 


14 


27 


noe 


AO 


cz 


15 


26 


^D7 


RES 


cz 


16 


25 


Z3PB0 


IRa/PB7tZ 


17 


24 


Z1PB1 


CS1/PB6 CZ 


18 


23 


Z3PB2 


CS2/PB5 C 


19 


22 


Z3 PB3 


vcc 


^ 


20 


21 


IDPB4 



R6530 Pin Configuration 
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INTERFACE SIGNALS 



RESET (RES) 

During system initialization, a RES input causes zeroing of all 
four I/O registers. This In turn causes all I/O buses to act as 
inputs thus protecting external components from possible 
dannage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an off st ate during Reset . Interrupt capability is disabled with 
the RES signal. The RES signal must be held tow for at least 
one clock period when reset Is required. 

READ/WRITE (R/W) 

The R/W input is supplied by the microprocessor and controls 
the transfer of data between the R6530 and the microprocessor 
via the data bus. A high on the R/W pin reads (with proper 
addressing) data from the R6530 onto the data bus. A low on 
the R/W pin writes (with proper addressing) data from the data 
bus into R6530. 

PHASE 2 CLOCK (02) 

The Phase 2 clock (02) input is the system clock generated by 
the CPU that triggers all data transfers between the data bus 
andtheR6530. 

INTERRUPT REQUEST (IRQ) 

The IrQ pin is an interrupt pin from the interval timer. This same 
pin, if not used as an interrupt, can be used as a peripheral 
I/O pin (PB7). When used as an interrupt, the pin should be set 
up as an input by the Data Direction Register. The pin will be 
normally high with a low indicating an interrupt from the R6530. 
An external pull-up device is not required; however, if collector- 
OR'd with other devices, the internal pullup may be omitted with 
a mask option. 



ADDRESS LINES (A0-A9) 

There are 10 address pins (A0-A9). In addition, there is the 
ROM Select pin (RSO). Further, pins PBS and PB6 are mask 
programmable, and can be used either individually or together 
as chip selects. When used as peripheral data pins they cannot 
be used as chip selects. 



ROM SELECT (RSO) 

RSO serves as an additional address input line. When RSO is 
high. Internal ROM Is selected; when RSO is low, internal ROM 
is not selected. 



PERIPHERAL DATA PORTS 

The R6530 has 16 pins available for peripheral I/O operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 1 6 pins are divided into two 8-bit 
ports, PA0-PA7 and PB0-PB7. PBS, PB6 and PB7 also have 
other uses which are discussed in later sections. The pins are 
set up as an input by writing a "0" into the corresponding bit of 
the Data Direction Register. A "1" into the Data Direction Reg- 
ister causes its corresponding bit to be an output. When in the 
input mode, the Peripheral Data Buffers are in the "1" state and 
the Internal pull-up device acts as less than one TTL load to 
the peripheral data lines. On a Read operation, the micropro- 
cessor unit reads the peripheral pin. When the peripheral device 
gets information from the R6530 it receives data stored in the 
Output Register. The microprocessor will read correct infor- 
mation if the peripheral lines are greater than 2.0 volts (for a 
"1") or less than 0.8 volts (for a "0") as the peripheral pins are 
all TTL compatible. 




DATA BUS (DO- D7) 

The R6530 has eight bidirectional data pins (D0-D7). These 
pins connect to the system's data lines and allow transfer of data 
to and from the microprocessor. The output buffers remain in 
the off state except when selected for a Read operation. 



CHIP SELECT (CSO, CS1) 

Pins 18 and 19 are individually selj^ctable at mask time as either 
chip selects CSl and CS2, respectively, or port B functions PB6 
and PBS, respectively. 



R6500 
MICROPROCESSOR < 
BUS 



D0-D7 



C 



(8) 



A0-A9 | (ToT 



i> 



02 
R/W 
RSO ' 

est*- 
csr- 

RES • 

IRQ " 



*MASK PROGRAMMABLE 
OPTION. 



R6530 
RRIOT 



JSL 



^ 



PA0-PA7 



<:=3ni> 



PB0-PB7 



PERIPHERAL 
INTERFACE 



Interface Signals 
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INTERNAL ORGANIZATION 

The R6530 is divided Into four basic sections: RAM, ROi\/l, I/O 
and Timer. The RAM and ROM interface directly with the micro- 
processor through the system data bus and address lines. The 
I/O secticn consists of two 8-bit halves. Each half contains a 
Data Direction Register (DDR) and an Output Register. 

ROM— IK BYTE (8K BITS) 

The 1K byte ROM is in a 1024 x 8 configuration. Address lines 
A0-A9, as well as RSO are needed to address the entire ROM. 
With the addition of CS1 and CS2, seven R6530's may be 
addressed, giving 7168 x 8 bits of contiguous ROM. 

RAM— 64 BYTES (51 2 BITS) 

A 64 X 8 Static RAM is contained on the R6530. It is addressed 
by A0~A5 (Byte Select), RSO, AG, A7, A8, A9 and, depending 
on the number of chips in the system, CS1 and CS2. 



INTERNAL PERIPHERAL REGISTERS 

There are four internal registers, two data direction registers and 
two output registers. The two data direction registers (A side and 
B side) control the direction of the data into and out of the 
peripheral pins. A "1" written into the Data Direction Register 
sets up the corresponding peripheral buffer pin as an output. 
Therefore, anything then written into the Output Register will 
appear on that corresponding peripheral pin. A "0" written into 
the DDR inhibits the output buffer from transmitting data from 
the Output Register. For example, a "1" loaded into Data Direc- 
tion Register A, position 3, sets up peripheral pin PA3 as an 
output. If a "0" had been loaded, PA3 would be configured as 
an input and remain in the high state. The two Data Output Reg- 
isters are used to latch data from the Data Bus during a Write 
operation until the peripheral device can read the data supplied 
by the microprocessor. 

During a Read operation the microprocessor is reading the 
peripheral data pins. For the peripheral data pins which are 
programmed as outputs the microprocessor will read the cor- 
responding data bits of the Output Register. The only way the 
Output Register data can be changed is by a microprocessor 
Write operation. The Output Register is not affected by a Read 
of the data on the peripheral pins. 



PAO 



DATA 

DIRECTION 

REGISTER 

A 



OUTPUT 

REGISTER 

A 



y__ll 



PA7 

n 



PBO 
ii 



PERIPHERAL 

DATA BUFFER 

A 



INTERVAL 
TIMER 



PB7 



±1 



PERIPHERAL 

DATA BUFFER 

B 



OUTPUT 

REGISTER 

B 



DATA 

BUS 

BUFFER 



ADDRESS 
DECODER 



t 
D7 



CHIP 

SELECT 

R/W 



A9 



A A A A A 



CS2 R/^ 
CS1 02 RSO 



64 X 8 
RAM 



IK x8 
ROM 



DATA 

DIRECTION 

REGISTER 

B 



R6530 Block Diagram 
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INTERVAL TIMER 

The Timer section of the R6530 contains three basic parts: pre- 
scale divide down register, programmable 8-bit register and 
interrupt logic. 

The interval timer can be programmed to count up to 256 time 
intervals. Each time interval can be either 1T, 8T, 64T or 1024T 
increments, where T is the system clock period. When a full 
count is reached, an interrupt flag is set to a logic "1". After the 
interrupt flag is set the internal clock begins counting down to 
a maximum of - 225T. Thus, after the interrupt flag is set, a Read 
of the timer will tell how long since the flag was set up to a max- 
imum of 255T. 

The 8 bit system Data Bus is used to transfer data to and from 
the Interval Timer. If a count of 52 time intervals were to be 
counted, the pattern 110 10 would be put on the 
Data Bus and written into the Interval Timer Register. 

At the same time that data is being written to the Interval Timer, 
the counting interval (1, 8, 64, or 1024T) is decoded from 
address lines AG and A1. During a Read or Write operation 
address line A3 controls the interrupt capability of PB7, i.e., A3 = 
1 enables IRQ on PB7, A3 = disables IRQ on PB7. When 
PB7 is to be used as an interrupt flag with the interval timer it 
should be programmed as an input. If PB7 is enabled by A3 and 
an Interrupt occurs PB7 will go low. When the timer is read prior 
to the interrupt flag being set, the number of time intervals 
remaining will be read, i.e., 51, 50, 49, etc. 



When the timer has counted down to on the 
next count time an interrupt will occur and the counter will read 
11111111. After interrupt, the Timer Register decre- 
ments at a divide by "1" rate of the system clock. If after inter- 
rupt, the timer is read and a value of 1 1 1 1 is read, 
the time since interrupt is 27T. The value read is in one's 
complement. 

Value read =1110 10 
Complement = 00011011= 27 

Thus, to arrive at the total elapsed time, merely do a one's com- 
plement and add to the original time written into the timer. 
Again, assume time written as 1 1 1 (=52). With 
a divide by 8, total time to interrupt is (52 x 8) + 1 = 41 7T. Total 
elapsed time would be 41 7T + 27T = 444T, assuming the value 
read after interrupt was 1110 10 0. 

After the interrupt, whenever the timer is written or read the 
interrupt is reset. However, the reading of the timer at the same 
time the Interrupt occurs will not reset the interrupt flag. When 
the interrupt flag is read on D7 all other D outputs (DO through 
D6) go to "0". 

When reading the time r after an interrupt, A3 should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 






R/W A3 

W 1 ' 




D7 D5 D3 D1 
D6 D4 D2 DO 

f] l: l: JL u l: 11, 


R 


^W 


A1 

i 


AO 

i 






INTERRUPT 
CONTROL 


PROGRAMMABLE 
REGISTER 




. 


DIVIDE 
DOWN 


4 02 






^ 1 






rTTT 

D5 D3 D1 
^' ♦ ♦ V 
D6 D4 D2 DO 












D7 











Basic Elements of Interval Timer 
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® 

02 IN J 1 


® ® ® ® 




1 1 2 1 3 1 |213 1 214 1 415 | 416 500 


501 |_ 




WRITE T 1 








IRQ 


1 


® Data written into interval timer is: 1 1 1 = 52io 






d) Data in Interval timer is: 1 1 1 ^25io 






213 
52 — =^ - 1 = 52 - 26 - 1 = 25 






(D Data in Interval timer is: = Oio 






52 _ il5 _ 1 = 52 - 51 - 1 = 






Interaipt has occurred at 02 pulse #416 






Data in Interval timer is: 1 1 1 1 11 1 1 






® Data in Interval timer is: 1 1 1 1 Q 






tvi^o's complement is: 1 1 1 1 -83-, o 






83 + (52 X 8) + 1 = 500io 





R6530 Timer Example 
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ADDRESSING 

Addressing of the R6530 offers many variations to the user for 
greater flexibility. The user may configure his system with RAM 
in lower memory, ROM in higher memory, and I/O registers with 
interval timers between the extremes. There are 10 address 
lines (A0-A9). In addition, there is the possibility of 3 additional 
address lines to be used as chip-selects and to distinguish 
between ROM, RAM, I/O and interval timer. Two of the addi- 
tional lines are chip-selects 1 and 2 (CS1 and 082). The chip- 
select pins can also be PBS and PB6. Whether the pins are 
used as chip-selects or peripheral I/O pins Is a mask option and 
must be specified when ordering the part. Both pins act inde- 
pendently of each other in that either or both pins may be des- 
ignated as a chip-select. The third additional address line Is 
RSO. The R6502 and R6530 in a 2-chip system would use RSO 
to distinguish between ROM and non-ROM sections of the 
R6530. With the addressing pins available, a total of 7K con- 
tiguous ROM may be addressed with no external decode. Follow- 
ing is an example of a 1-chip and a 7-chip R6530 Addressing 
Scheme. 

ONE-CHIP ADDRESSING 

A 1-chip system decode is illustrated in the R6530 One-Chip 
Address Encoding Diagram. 



SEVEN-CHIP ADDRESSING 

In the seven-chip system, the objective would be to have 7K 
bytes of contiguous ROM, with RAM in low order memory. The 
7K of ROM could be placed between addresses 65,535 and 
1024. For this case, assume A13, A14 and A15 are ail 1 when 
addressing ROM, and when addressing RAM or I/O. This 
would place the 7K ROM between addresses 65,535 and 58,367. 
The two pins designated as chip-select, or I/O, woulql be masked 
programmed as chip-select pins. Pin RSO would be connected 
to address line A10. Pins CSI and 082 would be connected to 
address lines A11 and A1 2 respectively. See table 1. 

The two examples shown would allow addressing of the ROM 
and RAM; however, once the I/O or timer has been addressed, 
further decoding is necessary to select which of the I/O registers 
are desired, as well as the coding of the interval timer. 

I/O REGISTER— TIMER ADDRESSING 

Table 2, Addressing Decode for I/O Register and Timer, 
illustrates the address decoding for the internal elements and 
timer programming. Address lines A2 distinguishes I/O registers 
from the timer. When A2 is high and I/O timer select is high, 
the I/O registers are addressed. Once the I/O registers are 
addressed, address lines A1 and AO decode the desired register. 

When the timer is selected A1 and AO decode the divide by 
matrix. In addition. Address A3 is used to enable the interrupt 
flagtoPB7. 




Table 1 . R6530 Seven-Chip Addressing Scheme 



Device 


Function 


Address, Chip Select and Register Select Lines | 


CS2 
A12 


CSI 
All 


RSO 
A10 


A9 


A8 


A7 


A6 


R6530#1 


ROM Select 
RAM Select 
I/O Timer 












1 





X 




X 





X 





X 





R6530 #2 


ROM Select 
RAM Select 
I/O Timer 







1 










X 


X 





X 





X 

1 
1 


R6530#3 


ROM Select 
RAM Select 
I/O Timer 







1 





1 





X 




X 





X 

1 

1 


X 





R6530 #4 


ROM Select 
RAM Select 
I/O Timer 


1 















X 




X 





X 

1 
1 


X 

1 

1 


R6530 #5* 


ROM Select 
RAM Select 
I/O Timer 


1 










1 





X 


X 


X 





X 





R6530#6 


ROM Select 
RAM Select 
I/O Timer 


1 





1 










X 


X 


X 





X 

1 
1 


R6530 #7 


ROM Select 
RAM Select 
I/O Timer 


1 





1 





1 





X 


X 


X 

1 
,'■■1 -■ 


X 





Note: r RAM select for R6530 #5 would read = Ai^»aTi«AT15.A9«A8»A7. As | 
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> 






A. X indicates mask prpgramming, i.e.: 

ROIVl select =CS1«RS0 

RAM select = CS1 •RS0.A9.A7.A6 

I/O TIMER SELECT = CSl • RS0.A9. A8 .A?. A6 

B. Notice that A8 is a don't care for RAM select 

C. CS2 can be used as PB5 in this example 
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R6530 One-Chip Address Encoding Diagram 
Table 2. Addressing Decode for I/O Register and Timer 







Addressing Decode | 


Function 


ROM Select 


RAM Select 


I/O Timer Select 


R/W 


A3 


A2 


A1 


AO 


Read ROM 


1 








1 


X 


X 


X 


X 


Write RAM 





1 








X 


X 


X 


X 


Read RAM 





1 





1 


X 


X 


X 


X 


Write DDRA 













X 








1 


Read DDRA 










1 


X 








1 


Write DDRB 













X 







1 


Read DDRB 










1 


X 







1 


Write Per. Reg. A 













X 








Q 


Read Per. Reg. A 










1 


X 











Write Per. Reg. B 













X 










Read Per. Reg. B 










1 


X 










Write Timer 




















-IT 













* 











-8T 













* 







1 




-64T 













* 











-1024T 













■k 






1 


Read Timer 










1 


, * 




X 





Read Interrupt Flag 










1 


X 




X 


1 


Notes: •AS = 1 Enables iM to PB7 














A3 = Disables IRQ to PB7 
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TIMING CHARACTERISTICS 



Read Timing 



Characteristic 


Symbol 


Min 


Max 


Unit 


R/W valid before positive transition of clock 


TwcR 


180 


— 


ns 


Address valid before positive transition of clock 


Tacr 


180 


— 


ns 


Peripheral data valid before positive transition of clock 


TPCR 


300 


— 


ns 


Data Bus valid after positive transition of clock 


TcDR 


■„, — 


395 


ns 


Data Bus Hold Time 


Thr 


10 


— 


ns 


iftb (Interval Timer Interrupt) valid before positive 
transition of clock 


T,c 


200 


~^ 


ns 


Note: Loading = 30 pF + 1 TTL load for PA0-PA7. PB0-PB7 
= 130 pF + 1 TTL load for D0-D7 




Write Timing 



Characteristic 


Symbol 


Min 


(Max 


Unit 


Clock Period 


TcYC 


1 


10 


/LCS 


Rise & Fall Times 


T«.Tp 


_- 


25 


ns 


Clock Pulse Width 


Tc 


470 


— 


ns 


R/W valid before positive transition of clock 


Twcw 


180 


— 


ns 


Address valid before positive transition of clock 


^ACW 


180 


— 


ns 


Data Bus valid before negative transition of clock 


Tdcw 


300 


— 


ns 


Data Bus Hold Time 


'hw 


10 


— 


ns 


Peripheral data valid after negative transition of clock 


Tcpw 


, — 


1 


^S 


Peripheral data valid after negative transition of clock 
driving CMOS (Level = VCC - 30%) 


"TcMOS 


~ 


2 


ulS 
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READ TIMING WAVEFORMS 

CLOCK INPUT 



y^^" ^\2^ / 



R/W 



2.0V -^^^ 

-A 



ADDRESS 



XI 



,0V 
8V 



PERI 
DATA 



'■ — ^ ""^PCR "^ 

PHERAL VJ/2.0^' ' 

A X X 0.8 



2.0V 
).8V 



V 



DATA BUS 



PB7 (IRQ) 






\ 



ic 



. 0.4V 

.2.4V 
- 0.4V 

2.4V 
• 0.4V 

2.4V 

0.4V 

2,4 V 
. 0.4V 



WRITE TIMING WAVEFORMS 



CLOCK INPUT 



' CYC " 



^T4v ^1 



y^^^l ^ y 



R/W 



'WCW 
0.8V 



ADDRESS 



^<1 



' ACW 



>.0V 
).8V 



DATA BUS 



PERIPHERAL 
DATA 



Xi 



,0V 
8V 



3C 



CPW 



X 



' CMOS ' 



2.0V 
0.8V 



- 2.4V 
0.4V 

. 2.4V 
-0.4V 

■2.4V 

- 0.4V 



" CC -30% 

■ 2.4V 

0.4V 
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MAXIMUM RATINGS* 



Rating 


Symbol 


Value 


Unit 


Supply \toltage 


Vcc 


-0.3 to +7.0 


V 


Input/Output Voltage 


V,N 


-0.3 to +7.0 


V 


Operating Temperature 


Ta 


0to70 


°c 


Storage Temperature 


TsTG 


-55 to +150 


°c 



^Note: All inputs contain protection circuitry to prevent damage due to 
high static charges. Care should be taken to prevent unnecessary 
application of voltage outside the specification range. 




DC CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Vss - 6v, 0°C to 70°C, unless otherwise noted) 



Ciiaracteristic 


Symboi 


IMIn. 


Typ. 


Max. 


Unit 


Test Conditions 


Input High Voltage 


V|H 


+2.4 




Vcc 


V 




Input Low Voltage 


V|L 


-0.3 




+ 0.4 


V 




Input Leakage Current 
A0-A9, RSO, R/W, RES, 02. PB6(='), PBS^^V 


■in 




1.0 


2.5 


fiA 


V|N = to +5.0V 
Vcc-Q 


Input Leakage Current for Three State Off 
D0-D7 


Itsi 




±1.0 


±10 


fxA 


V,N= 0.4V to 2.4V 
Vcc = 5.25V 


Input High Current 
PA0-PA7, PB0-PB7 


llH 


-100 


-300 




/.A 


V,N - 2.4V 


Input Low Current; 
PA0-PA7 PB0-PB7 


l|L 




-1.0 


-1.6 


mA 


V,N = 0.4V 


Output High Vbltage 
PA0-PA7, PB0.PB7 (TTL drive), D0-D7 
PB0-PB7, (other drive, e.g., Darlington) 


Vqh 


+2.4 
+ 1.5 






V 


Vcc = 4.25V 
•load = -100 M 
Iload - 3-0 mA 


Output Low Voltage 


Vol 






+0.4 


V 


Vcc = 4.25V 
1 load -1-6 mA 


Output High Current (Sourcing) 
PA0-PA7, PB0-PB7 (TTL drive), D0-D7 
PB0-PB7 (other drive) 


lOH 


-100 
-3.0 


-1000 
-5.0 




^A 

mA 


VoH=2.4V 
VoH = 1.5V 


Output Low Current (Sinking) 
PA0-PA7, PB0-PB7 


loL 


1.6 






mA 


Vol = 0.4V 


Power Dissipation 


Pd 




500 


1000 


mW 




Input Capacitance 
jeJ2 
Logic 


CcLK 
C,N 






30 
10 


PF 
PF 


V,N = 0, f = 1 MHz 
Ta = 25X 


Output Capacitance 


CouT 












Note: 1. All units are direct current (DC). 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. When programmed as address pins. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



TT 

L B 



"Htl 



U D 






M M-*^ 



m-hV 



40-PIN PLASTIC DIP 



tj v V V k/i k; V w ij u u u u V u V u u u u 



^r^^ 




DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1 .980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


0,070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0^ 


10° 


0° 


10 


N 


0.51 


1.52 


0.020 


0.060 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 1 


M 


7 


10' 


7 


10 


N 


0.51 


1.02 


020 


040 
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R6531 




DESCRIPTION 



FEATURES 




The R6531 ROM-RAM-I/O-Counter (RRIOC) integrates read- 
only memory, random access memory, various I/O data port con- 
figurations and timer functions into a single peripheral device 
which operates in conjunction with any CPU in the R6500 
microprocessor family. The R6531 provides innovative system 
designers with a two-chip solution to a wide range of applica- 
tions. It can also be combined in a variety of multi-chip system 
configurations with other R6531's, ROMs, RAMs and other I/O 
devices. 

There are two R6531 versions: a 40-pin dual-in-line package; 
another with expanded I/O in a compact 52-pin quad-in-line 
package. Both versions contain a 2048 x 8 mask-programmable 
ROM, a 128 X 8 static RAM, a software programmable multi- 
mode counter, an 8-bit serial data channel, and 15 bidirectional 
data lines (two ports) with a handshake control mode and four 
Interrupt Inputs. The 52-pin version has an 8-bit output port and a 
4-bit input port for a total of 27 I/O lines. Several mask options are 
available to provide a RAM standby power pin and chip selects 
for multi-chip systems. 

Prototyping circuits are available in both the 40- and 52-pin pack- 
ages, and in 1- and 2-MH2 versions. They are offered as part 
numbers R6531 -098 and R6531 -098A for the 40-pln part, and as 
part numbers R6531-099 and R6531-099A for the 52-pin part. 

ORDERING INFORMATION 



Part Number: 
R6531 



Temperature Range: (Tc\) 
Blank = 0° to +70'»C 
E = -40«Cto +85«C 

Package: 

C - 40-Pin DIP, Ceramic 
P = 40-Pin DIP, Plastic 
Q = 52-Pin QUIP, Plastic 



Frequency Range: 
No letters = 1 MHz 
A = 2 MHz 



NOTE: Contact your local Rockwell representative for 
availability. 



• 2048 X 8 mask programmable ROM 

• 128 X 8 static RAM 

• 16-bit multi-mode counter/latch 

— internal timer (one shot or free-running) 

— pulse generator (one-shot or free-running) 

— event counter 

— external trigger 

• 8-bit serial channel 

• TTL compatible I/O, drive one TTL load 

• 15 bidirectional I/O lines (2 ports — 40-pln package) 

• Expansion 8-bit output port and 4-bit input port (52-pin package) 

• I/O handshake control 

• Four edge sensitive interrupt inputs 

• 1 MHz or 2 MHz operation 

• ROM-less versions available for prototyping 

• Single +5V power supply 



R6500 

MICROPROCESSOR 

BUS 



PERIPHERAL 
INTERFACE 



D0-D7 



A0-A11 

02- 

R/W- 

CS1-CS3- 



CO 
00 



IRO- 

RES- 

VRR**. 

VCC- 



R6531 
RRIOC 






PA0-PA7 



PB0-PB6 



PC0-PC7^ 



PD0-PD4' 



* 52-PIN VERSION ONLY 



^OPTIONAL 



interface Signals 
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R6531 



ROM-RAM-l/0 Counter (RRIOC) 



INTERFACE SIGNALS 

RESET (RES) 

This active low signal initializes the R6531 . It clears all internal 
registers (except the counter and serial registers) to logic zero. 
This action places all bidirectional I/O lines in the input state and 
the Port C outputs in the hig h stat e. The timer, shift register, and 
interrupts are disabled. The RES signal must be low for at least 
four clock periods when reset is required. 

ADDRESS BUS (A0-A11) AND CHIP SELECTS 
(CS1-CS3) 

Memory and register selection is accomplished using the 12 
address lines and, in multiple device systems, also using one or 
more of the three Chip Select mask options. When PB4, PBS, or 
PD2 are chosen as chip selects, they carinot be used as periph- 
eral I/O pins. 

DATA BUS (D0-D7) 

The R6531 has eight data bus lines, which allow data to be 
transferred to or from ^he microprocessor. The output buffers 
remain In the off-state except when the R6531 is selected for a 
read operation. 

READ/WRITE (R/W) 

The R/W input controls the transfer of data to and from the 
microprocessor and the R6531 . A high on the R/W pin allows the 
processor to read (with properaddressing) the data supplied by 
the R6631. A low on the RA/V pin allows a write (with proper 
addressing) to the R6531 . 



PHASE 2 CLOCK (<^2) 

The Phase 2 Clock (pf2) input is the system clock that triggers all 
data transfeirs between the data bus and the R6531 . 

PERIPHERAL DATA PORTS (PA0-PA7, PB0-PB6, 
PC0-PC7, PD0-PD3) 

Both versions of the R6531 have 15 pins available for peripheral 
I/O operations. Each pin is software programmable to act as an 
input or an output. The pins are grouped into an 8-bit port, 
PA0-PA7, and a 7-bit port, PB0-PB6. The lines of the PB port 
may serve other functions. Ports PA and PB have associated 
data direction registers. 

The expanded I/O of the 52-pin version provides an 8-bit output 
only part, PC0-PC7, and a 4-bit input only port PD0-PD3. PD2 
and PD3 may be assigned other functions as described later. 

The outputs are push/pull type drivers capable of driving a single 
TTL load. When inputs are selected the drivers float. If PB6 is 
programmed as the IRQ request output, the line is driven lo w and 
requires an external pull-up, thus allowing the wire OR-ing of IRQ 
from other devices. 

RAM RETENTION VOLTAGE (VRR) 

A separate pin for a power supply for the read/write memory is 
available as a mask option. This allows the retention of RAM data 
by using a battery back-up for the RAM only. Pin PB6 in the 
40^pin version or PD3 in the 52-pin version is mask program- 
mable as the VRR pin. Address line A1 must be held in the logic 
state which deselects RAM (user-defined) in order to protect the 
RAM data when VCC falls below the specified level or is turned 
off. 



PA7 PAO PB6 PBO 



PORTA 
DATA 



DIRECTION 
REGISTER 
A 



PORT B 
DATA 



a n 



DIRECTION 
REGISTER 
B 



16-BiT 
COUNTER 



SERIAL 
REGISTER 






PC7 PCO PD3 PDO 



PORT C* 

DATA 

OUT 



16-BIT 
LATCH 



PORT D* 

DATA 

IN 



CONTROL 
REGISTERS 
A& B 



INTERRUPT 
CONTROL 



INTERNAL DATA BUS 



128 X 8 
RAM 



2048 X 8 
ROM 



DATA 
BUS 



I 



REGISTER 

AND 

CHIP SELECT 



ADDRESS 
DECODE 



T T CS1 CS3 RES I I T 

37 DO ' I _ '^"''' AO IRQ 



<^2 CS2 R/W 



NOTE: *52.PIN VERSION ONLY 



R6531 Block Diagram 
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VSSd 


1 


40 


=3 PB3/SDI0 


VSSCZ 


1 


40 =3 PB3/SD10 


(CS2)PB4/CNT0Ci: 


2 


39 


Z)FVW 


(CS2) PB4/CNT0 C 


2 


39=3 R/W 


(CS1) PB5/CNT1 C 


3 


38 


=3 PB2/SCLK 


(CS1) PB5/CNT1 CZ 


3 


38 


ZD PB2/SCLK 


PB6/IRQ C= 


4 


37 


=3PB1/CA2 


RESC 


4 


37 ZD PB1/CA2 


RESC= 


5 


36 


Z3PB0/CA1 


D7d 


5 


36 Zl PB0/CA1 


D7C: 


6 


35 


I3PA7 


Dec: 6 


35 


ZDPA7 


D6CZ 


7 


34 


Z3PA6 


D5C: 7 


34 


Z1PA6 


DSC 


8 


33 


=3 PAS 


A8cz: 


8 


33 


Z3PA5 


A8CZ 


9 


32 


Z)PA4 


A7C: 9 


32 


ZJPA4 


A7CZ 


10 


31 


Z3A5 


<^2Cd 


10 


31 


ZI A5 


02 C 


11 


30 


:da6 


D4LZ 


11 


3o:d A6 


D4CZ 


12 


29 


IDPA3 


D3C: 


12 


29 Z3 PA3 


DSC 


13 


28 


=3PA2 


D2CZ 


13 


28 Z3 PA2 


D2t= 


14 


27 


Z1PA1 


D1 C 


14 


27 12 PA1 


Did 


15 


26 


UPAO 


DOd 


15 


26 ZI PAO 


DOC 


16 


25 


33 A2 


AOCI 


16 


25 


=3 A2 


AO C 


17 


24 


Z3A4 


A11 C 


17 


24 


=3 A4 


A11CZ 


18 


23 


Z3A1 


A9c: 


18 


23=3 A1 1 


ASGZ 


19 


22 


Z3A3 


AlOc 


19 


22 


ZIAi 


AlOtl 


20 


21 


-ivcc 


VRR C 


20 


21 


Z3VCC 


■"' ■' ' ' ,. 


PB6 OPTION 






VRR OPTION 





R6531 40-Pln DIP Configurations 



















VSSCI 


1 


52 


Z3 PB3/SDI0 


VSS CZ 


1 


52 


=] PB3/SDI0 


(CS2) PB4/CNT0 C 


2 


51 


IDR/W 


(CS2) PB4/CNT0 CZ 


2 


51 


Z]R/W 


(CS1) PB5/CNT1 C 


3 


50 


3PC6 


(CS1) PB5/CNT1 CZ 


3 


50 


:ZPC6 


PB6/IRQiZ 


4 


49 


Z3 PB2/SCLK 


PB6/IRQ CZ 


4 


49 


Z3 PB2/SCLK 


PC7CZ 


5 


48 


~3PB1/CA2 


PC7 C 


5 


48 


Zl PB1/CA2 


RES d 


6 


47 


Zl PBO/CAl 


RES CZ 


6 


47 


13 PBO/CAl 


D7CZ 


7 


46 


I3PC5 


D7 CZ 


7 


46 


I3PC5 


D6CZ 


8 


45 


ZIPA7 


D6 CZ 


8 


45 


Z3PA7 


D5C 


9 


44 


I3PA6 


D5 CZ 


9 


44 


Z1PA6 


PD3CZ 


10 


43 


3PA5 


(CS3) PD2 CI 


10 


43 


Z3PA5 


(CS3)PD2tZ 


11 


42 


ZJPAA 


A8 CZ 


11 


42 


:DPA4 


A8C 


12 


41 


3PC4 


A7 d 


12 


41 


Z1PC4 


A7tZ 


13 


40 


-1A5 


02 q 


13 


40 


Z3A5 


02 CZ 


14 


39 


Z3A6 


PD1 CZ 


14 


39 


=3A6 


PD1 CZ 


15 


38 


ZIPC3 


D4 CZ 


15 


38 


I3PC3 


D4CI 


16 


37 


Z3PA3 


D3 CZ 


16 


37 


Z3PA3 


D3[Z 


17 


36 


Z3PA2 


PDO CZ 


17 


36 


I3PA2 


PDOd 


18 


35 


Z3PA1 


D2 CZ 


18 


35 


Z1PA1 


. D2CZ 


19 


34 


Z3PA0 


D1 (Z 


19 


34 


ZIPAO 


D1 tZ 


20 


33 


Z1A2 


DO iz 


20 


33 


ZIA2 


DO C 


21 


32 


Z3 A4 


AO CZ 


21 


32 


ZIA4 


AOCI 


22 


31 


Z1PC2 


All CZ 


22 


31 


Z3PC2 


All CZ 


23 


30 


Z] PCI 


PCO IZ 


23 


30 


Z1PC1 


PCOCZ 


24 


29 


Z3A1 


A9 CZ 


24 


29 


Z3A1 


A9 cr 


25 


28 


Z1A3 


A10 CZ 


25 


28 


Z3A3 


Aiocr 


26 


27 


Zl VCC 


VRR CI 


26 


27 


13 VCC 




PD3 OPTION 






VRR OPTION 





R6531Q 52-Pin QUIP Configurations 
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INTERNAL ORGANIZATION 

The R6531 is divided into three basic functions: ROM, RAM, and 
I/O. The selection of any one of these three is accomplished by 
issuing the appropriate address Information on the address bus 
when the chip Is selected 

ROM— 2K BYTES (16K BITS) 

The 16K ROM is a 2048 x 8 bit configuration. An address on 
lines A0-A1O uniquely selects one byte of ROM. Additionally, 
address line A1 1 and the chip selects are required to select the 
ROM function on a given chip. In a system with multiple R6531 's, 
the 081, CS2, and CS3 mask options allow up to seven devices 
with 14K bytes of ROM without the need for external decoding. 

RAM— 128 BYTES (1024 BITS) 

The 128 X 8 static RAM of a given R6531 Is addressed by lines 
A0-A6. Additionally, address lines A7-A1 1 and chip selects CS1 , 
CS2, and 083 provide selection of the RAM section of the device 
as well as the device itself when additional RAM devices or 
R6531 's are in the system. 

INPUT/OUTPUT 

The input/output section is comprised of the data ports, direction 
registers, counter and associated latches, control registers, and 
interrupt registers. These I/O functions are all accessible by the 
R6502 CPU's instruction set using address bits A0-A3 for the 
specific function of the device. Address bits A4-A1 1 and 081 , 
082, and 083 additionally may be decoded to select a given 
R6531 device in a multichip system. 

Control Registers 

Two control registers allow software selection of various I/O func- 
tions. The Peripheral Control Register (PCR) is primarily associ- 
ated with Port B functions and the Auxiliary Control Register 
(ACR) Is associated with the counter and serial data functions 
which also affect Port B. 

ADDRESSING 



Table 1. R6531 Addressing 



R6531 
Function 


Chip 
Selects 


Address Inputs (A0-A11) 


CS3 


pS2 


CSl 


11 


10 


9 


8 


7 


6 


5 


4 


3 


i 


1 





ROM 


X 


X 


X 


X 


2K ROM Decode 


RAM 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


128 RAM Decode 


I/O 


Z 


Z-: 


■■ z ^ 


z 


z 


z 


z 


Z 


Z Iz IZ jl/0 Decode 


The X, Y, and Z bits may be selected as high, low or no effect. 



The chip select pins are also discrete I/O pins PBS, PB4, and 
PD2. The pins are independent of each other in that any one may 
be used as a chip select. The user specifies as mask options 
which pins are to be used as I/O and which as chip selects. 

40-PIN PROTOTYPING CIRCUIT 

Prototyping circuits R6531-098 (1 MHz) and Re531-098A (2 
MHz) are packaged in a 40-pin dual in-line package that has the 
same pinouts as the 40-pin R6531 with PB6 option. In this 
prototyping circuit, the ROM is disabled and there is no VRR 
option. Access codes for this prototyping circuit are shown in 
Table 2. 





Table 2 


R6531-098 


Addressing 














Chip 
Selects 


Address Inputs (AG - A1 1 ) 


Function 


CS2 


CSl 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





RAM 


N 


N 


L 


L 


L 


N 


L 


128 RAM Decode 


I/O 


N 


N 


L 


H 


H 


H 


L 


L 1 L 1 L 1 I/O Decode 


N means No Effect, H means High and L means Low. 



52-PIN PROTOTYPING CIRCUIT 

Prototyping circuits R6531-099 (1 MHz) and R6531-099A (2 MHz) 
are packaged in the 52-point quad in-line package, with VRR 
option. PD2 is used as a chip select (CS3), and PB4 and PBS 
are available as I/O lines. Access codes for the prototyping cir- 
cuit are shown in Table 3. 



Addressing of the R6531 offers many variations to the user for 
system configuration flexibility. Combination with other R6531 
ROMs, RAMs or I/O devices is possible without need for external 
address decoding. Each of the three basic functions on the 
device has its own decode mask for unique selection. 

The specific address ranges and chip selects are defined by the 
user and are dependent on the number of chips in the system. 
The programmed options to be fixed by masking are shown in 
Table 1. 



Table 3. R6531-099 Addressing 



R6531-099 
Function 


Chip 
Selects 


Address Inputs (AO-All) 


CS3 


CS2 


CSl 


ii 


lolglshlel sUls hh |o 


ROM 


H 


N 


N 


H 


2K ROM Decode 


RAM 


L 


N 


N 


L 


L 


L 


N 


L 


128 RAM Decode 


I/O 


L 


N 


N 


'' ■L- : 


H 


H 


H 


L 


l| l| l| I/O Decode 



The 128 words or RAM have been mapped into the first half of 
both Page and Page 1 , to accommodate zero page addressing 
and stack operations. The full I/O capabilities described for the 
R6531 are available in the prototyping circuit, except that I/O 
lines PD2 and PD3 are dedicated to the VRR and CS3 mask 
options. 
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REGISTERS 



REGISTER SELECTION 



The register selection and/or general operation performed by the 
15 R6531 addresses in conjunction with the R/W state is shown 
in Table 4. 



Table 4. Register Selection 



Hex 
Addr 


Address Line 


Operation 


A3 


A2 


At 


AO 


R/W= High 


R/W = Low 







L 




L 


Read Port A Data 


Write Port A Data 


■'.„ ■'■..I". 




L 




H 


Read Port B Data 


Write Port B Data 


2 




L 




L 


— . 


Write Port C Data 


3 




L 




H 


^ 


Write Port D Data 


4 




H 




L 


Read Lower Counter 


Write Lower Latch 


5 




H 




H 


Read Upper Counter 


Write Upper Latch and Download 


6 




H 




L 


— 


Write Lower Latch 


7 




H 




H 


— 


Write Upper Latch 


8 


H 


L 




L 


Read Serial Data Register 


Write Serial Data Register 


9 


H 


L 




H 


Read Interrupt Flag Register 


Write Interrupt Flag Register 


A 


H 


L 




L 


Read Interrupt Enable Register 


Write Internjpt Enable Register 


B 


H 


L 




H 


Read Auxiliary Control Register 


Write Auxiliary Control Register 


C 


H 


H 




L 


Read Peripheral Control Register 


Write Peripheral Control Register 


D 


H 


H 




H 


^ 


Write Port A Data Direction Register 


E 


H 


H 


H 


L 


— 


Write Port B Data Direction Register 




Peripiieral Control Register (PCR) 

Some Port B operating options are software selectable by writing 
control bits to the Peripheral Control Register (PCR). 



Auxiliary Control Register (AGR) 

Operating Modes for the Timer/Counter, PB2/PB3 Serial 
input/output and PB4 pulse output are selected by writing bits 
to the Auxiliary Control Register (ACR). 











PERIPHERAL CONTROL REGISTER (PCR) 




7 1 6 1 5 1 4 1 3 1 2 1 1 1 




1 1 1 1 




M 










PBO AND PB1 CONTROL 

00 = STATIC I/O 

01 s PA HANDSHAKE 

PB2 AND PB3 CONTROL 

» STATIC I/O 

1 = POS EDGE DETECT 

PB6 CONTROL 
Os STATIC I/O 
1 * ifiQ REQUEST 

OUTPUT 
SPARE (UNUSED) 

































SERIAL 
CONTROL 


COUNTER 
CONTROL 


h 


e|s|4 


3 1 2 1 1 1 






L^ 


J 




V 


COUNTER SOURCE SELECTION 

01 s EXTERNAL EVENT (PBS) 

10»PMASE2 

11 s PHASE 2, EXT TRIGGER LOW 

= PULSE OUTPUT OPP 

1 « PULSE OUTPUT ON (PB4) 

« ONE SHOT 
Is FREE RUN 

SERIAL CLOCK SOURCE 

00 -SERIAL OFF 

01 s EXTERNAL CLOCK (PB2) 
IX . PHASE 2 CLOCK (PB2 OUT) 

SERIAL DATA DIRECTION 

= SERIAL IN (PBS) 

1 « SERIAL OUT (PBS) 

SPARE (UNUSED) 
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Interrupt Enable and Flag Registers 



PERIPHERAL DATA PORTS 



Two registers are provided for interrupt control. Corresponding 
bits in the enable and flag registers are logically ANDed to set the 
Interrupt Request Pending flag. If the pending flag Is set and PB6 
is selected as an IRQ Request Output, then PB6 will be set low to 
request the R6502 CPU to service IRQ. 

The interrupt enable bits are set or reset by writing into the Inter- 
mpt Enable Register. The interrupt flag bits |FR0-IFR6 can be 
cleared directly by writing a byte to the flag register which has 1 's 
in those bit positions to be cleared. 

IFR4 and IFR5 may also be cleared by reading or writing the Port 
A or Serial Data Registers respectively. IFR6 may also be 
cleared by reading the lower counter with I/O address hex 4 writ- 
ing the upper latch with I/O addresses hex 5 or 7. 

These registers and their bit assignments are illustrated. 



Interrupt Enable Register (lER) 



M 



Interrupt Flag Register (IFR) 



PBO NEGATIVE 
EDGE DETECT 



PB1 NEGATIVE 
EDGE DETECT 



L. PB2 POSITIVE 
EDGE DETECT 

PB3 POSITIVE 
EDGE DETECT 

PORT A NEEDS SERVICE 
IN HANDSHAKE MODE 



L. SERIAL REGISTER 

FULUEMPTY, EXT. CLOCK 

•- COUNTER OvIrFLOW 



INTERRUPT 
REQUEST PENDING 



Each line of the 8-bit data Port A may be individually selected as 
an input or output. Associated with the port is Data Direction Reg- 
ister^ Port A (DDRA). Each line of the 7-bit date Port B may be 
individually selected as an input or an output. This port also has a 
Data Direction Register (DDRB). The two data direction registers 
(A and B) control the direction of the data into and out of the 
peripheral pins. A "1" written into the Data Direction Register 
sets up the corresponding peripheral pin as an output. Therefore, 
anything written into the data register will appear ori that corre- 
sponding peripheral pin. A "0" written Into the DDR inhibits the 
output buffer from transmitting data from the data register i For 
example, a "1" loaded Into DDRA, position 3, sets up peripheral 
pin PA3 as an output. If a "0" had been loaded, PA3 would be 
configured as an input and would be in a float state. 

Note that when lines in the PB port are used alternately as control 
lines for other on-chip functions. Direction Register B must also 
be loaded to set up the proper direction — the Control Registers 
have no effect on data direction. 

The 8-bit Port C is an output only port. The 4-bit data Port D is an 
input only port. 

For those lines being used as outputs, the data registers are 
used to latch data from the Data Bus during a Write operation so 
the peripheral device can read the data supplied by the 
microprocessor. 

For the lines being used as inputs, the microprocessor is reading 
the peripheral data pins. For the peripheral data pins which are 
programmed as outputs the microprocessor will read the corre- 
sponding data bits of the Output data. 

EDGE DETECT LOGIC 

Operating in parallel with the I/O operation of PB0-PB3 is edge 
detect logic that is enabled by Peripheral Control Register bits 1 
and 2. PCR1 enables logic that upon detection of a negative 
edge on PBO or PB1 will set a corresponding flag in the Interrupt 
Flag Register. PCR2 enables logic that upon detection of a posi- 
tive edge on PB2 or PB3 will set corresponding flags in the Inter- 
mpt Flag Register. If corresponding bits are set in the Interrupt 
Enable Register, then the Interrupt Request Pending flag will be 
set. 

HANDSHAKE OPERATIONS 

PBO and PB1 may be used as handshake control lines for date 
transmissions over Port PA; see PCR definition. PBO is a control 
input, PB1 is a control output. PB1 switches low on a read or write 
to Port PA, and switches high In response to a negative transition 
on PBO. 



IFR4 in the Flag Register is set by a negative transition on PBO, 
and cleared by a Read or Write to Port PA; see Handshake Tim- 
ing Diagram for timing details. 
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*2 



ADDR 



RAW 



FR4 



iTLn 



PBO (IN) 
PB1 (OUT) 
PBO SAMPLED 
PA (DATA OUT) 



IRQ 




SET BY: 

RESET, 

WRITE PCR, OR 

NEGATIVE TRANSITION ON PBO 
RESET BY: 

WRITE PORT PA 

OR READ PORT PA 



R6531 Timing for Handshake Mode 



02 

ADDR 
WW 



FRO, 1,2,3 
IRQ 
PBO, PB1 



PB2, PB3 



PB SAMPLED 
{<l>2 LOW) 



A X I WRITE TO 



FLAG REG. 




NEG TRANSITIONS 



POS TRANSITIONS 



n U D U U U INTERRUPT FLAG REG. CONTROL 



SET BY INPUT ACTIVE TRANSITIONS 

RESET BY RESET OR WRITE "1" 
TO CORRESPONDING IFR BIT 



R6531 Timing for Interrupt Mode 
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SERIAL DATA CHANNEL 

The R6531 has an 8-bit serial channel. PB2 and PB3 are soft- 
ware selectable as the serial dock (SCLK) and serial data (SOlO) 
lines respectively. 

The software sets Auxiliary Control Register bits 4 and 5 to ena- 
ble the serial channel and to specify the source of the shift clock. 
Selection of the internal clock will shift data at one half the system 
02 clock rate. If tho external clock is usedydata may be shifted at 
any rate up to one half the system 02 clock rate. In the external 
clock mode, the counter may be operated in the free run pulse 
generation mode using the CNTO line externally connected to the 
SCLK line to provide the desired shift rate. 



Auxiliary Control Register bit 6 sets th%serial data direction. Data 
are shifted in or out, most significant bit first, under control of the 
shift clock. 

In the external clock mode, the completion of eight shifts of the 
serial register will set bit 5 of the interrupt flag register. If the cor- 
responding bit of the Intermpt Enable Register is also set an 
Interrupt Request Pending flag will be set. 



13 14 15 16 17 18 



(t>2 
ADDR (WRITE) 

R/W (WRITE) ^ ^^^ 

MA BUS 
(WRITE) 





DCZXI 

m_iih 



^±^—\^_p^\jj—\Z_ 



Q] nil Q] El 



ADDR (READ) 

R/W (READ) 

DATA BUS (READ) 




R6531 Serial I/O Timing 
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COUNTER/TIMER 



The R6531 contains a multi-mode 1 6-bit counter/timer with an 
associated 16-bit latch whose modes are software selectable by 
setting appropriate bits in the Auxiliary Control Register. The 
latch holds the counter preset value and all 16 bits download to 
the counter simultaneously upon command (I/O address hex 5) 
of the software or automatically in free run modes upon overflow 
of the counter. The counter Is a decrementing counter and 
causes the setting of a flag in the Intermpt Flag Register when it 
overflows. This interrupt flag, bit 6, is logically ANDed with a cor- 
responding counter overflow interrupt enabled bit to set the Inter- 
rupt Request Pending flag. The Auxiliary Control Register is used 
to set four basic modes which specify the source of the count 
information, and to select two mode modifiers that apply equally 
to the three active modes. 

ModeO —Counter Off 

Mode 1 —Event Counter — counts extemal event 

Inputs (negative transitions) at PBS 

Mode 2 — Inten/al Timer — counts 02 system clock 

pulses. 



Mode 3 — Extemal Trigger — counts (^2 system clock 

pulses starting with a negative transition on 
PBS. 

Mode Modifier A — Pulse Generation Control — causes the 
output level on PB4 to switch low each time 
the counter is loaded using I/O address 
hex. S. At counter overflow, PB4 switches 
high. If in the free run mode, PB4 continues 
to toggle at each subsequent counter over- 
flow; othenvise there are no further transi- 
tions until the cbunter is reactivated by the 
software. 

Mode Modifier B —Free-Run Control — causes the full 16-bit 
latch to be downloaded to the counter, con- 
tinues to count, and sets the counter over- 
flow flag bit every time the counter 
overflows. Othenvise the counter is a one 
shot mode In which the counter overflow 
flag is set one time only until the counter is 
reactivated by the software. 




(^2 

addr" 

R/W 

COUNTER: ONE-SHOT 
COUNTER: FREE-RUN 

FR6: ONE-SHOT 
FR6: FREE*RUN 

PB4: ONE-SHOT 

PB4: FREE-RUN 

IRQ 

COUNTER EXT STROBE 

PBS 

COUNTER EXT CLOCK 

PBS 

PBS SAMPLES @ <^01 


m 


LJ~Ln 

D TIMER = 4 

r 


in 


Ln 


Ln 


LTLn 


Ln 


Ln 


Ln 


Ln 


Ln 


J 1 


J 

LOA 

■A 










>§§$^ 


4 


3 


2 


1 





FFFF 


FE 


FD 


FC 


FB 


FA 


F9 


- 




4 


3 


2 


1 





4 


3 


2 


1 





4 


3 


















$5^ 




















1 


1 


1 


1 


1 


1 


- 


$$$$$ 




















1 


1 


^ 








1 


^ 
M 








r 




















A 




\_ 




$w 












- 


^Ml 4 


4 


4 1 4 


4 


3 1 2 


1 


1 FF FE FD 


<^2CLK 








— 




;>r 












^ 
















$5:^ 4 


4 


4 13 


3 


2 1 2 


1 


1 1 1 1 1 1 1 








>^ 


_n_ 


" , y 


/ 








n 


_n_ 


-" / 

_n_ 




Jl_ 


-^ 1 
JL 


Jl_ 


JLJLJL 


MAX RATE 
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BUS TIMING CHARACTERISTICS 



Characteristic 


Symbol 


R6531 
(1 MHz) 


R6531A 
(2 MHz) 


Unit 


Min 


Max 


MIn 


Max 


Clock Period 


TCYC 


1.0 


10 


0.5 


10 


Its 


Clock Pulse Width 


Tc 


470 


— 


235 


— 


ns 


Rise & Fall Times 


Tr.Tf 


— 


25 


- 


15 


ns 



READ TIMING 



RAV valid before positive transition of clock 


Twcn 


180 


— 


120 


— 


ns 


Address valid before positive transition of clock 


Tacr 


180 


— 


120 


— 


ns 


Peripheral data valid before positive transition of clock 


TpcR 


270 


- 


135 


- 


ns 


Data Bus valid after positive transition of clock 


TcDR 


— 


350 


— 


180 


ns 


Data Bus Hold Time 


Thr 


10 


— 


10 


— 


ns 


IRQ valid after negative transition of clock 


T,c 


— 


900 


— 


450 


ns 



WRITE TIMING 



R/W valid before positive transition of clock 


Twcw 


180 


— 


120 


— 


ns 


Address valid before positive transition of clock 


Tacw 


180 


— 


120 


— 


ns 


Data Bus valid before negative transition of clock 


Tqcw 


270 


— 


135 


— 


ns 


Data Bus Hold Time 


Thw 


10 


— 


10 


— 


ns 


Peripheral data valid after negative transition of clock 


Tcpw 


— 


900 


— 


450 


ns 


NOTES: 

Load = 100 pF + 1 TTtfor PA0-PA7, PB0-PB6, and PC0-PC7. 
= 100 pF+ 1TTLforDO-D7{R6531A). 
= 1 30 pF + 1 TTL for D0-D7 (R6531 ). 
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READ TIMING WAVEFORAAS 



*2 



R/W 



2.0V V^ 



WCR 

Tacr 



ADDRESS 



X 



2.0V 
0.8V 



PERIPHERAL 
DATA 



DATA BUS 



Sj/T5 

/\21 



ov 

.8V 



(- Tc -*^ U*- Tp 



y?^ 2.0V V y^ 



2.0V 



< 



■ TcDR "*H l^^ l 



X 



^aav ^ 



PB7 (IRQ) 






0.4V 

2.4V 
.0.4V 

2.4V 
0.4V 
2.4V 
0.4V 

2.4V 
. 0.4V 



WRITE TIMING WAVEFORMS 



T„ -*- |-*- Tc -»^ U*- Tf 
02 ^ ^^^ ,3 ^ J ^ 



R/W X- 0.8V 



ADDRESS 



DATA BUS 



PERIPHERAL 
DATA 






ov 

.8V 



XI 



X 



X 



/ 



X 



2.0V 
0.8V 



- 2.4V 
0.4V 

2.4V 
-0.4V 

-2.4V 



0.4V 

Vcc -30% 



2.4V 
0.4V 



2-79 



R6531 



ROM-RAM-l/0 Counter (RRIOC) 



MAXIMUM RATINGS* 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to 7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 
Commercial 
Industrial 


Ta 


Oto +70 
-40 to +85 


°C 

OQ 


Storage Temperature Range 


T3tg 


-55 to +150 


°C 



•Note: This device contains circuitry to protect the inputs against 
damage due to high static voltages, however, normal precautions 
should be taken to avoid application of any voltage higher than max- 
imum rated voltages to this circuit. 



DC CHARACTERISTICS 

(Vcc 5.0V + 10%, Vcc ~ 50V ±5% A, Vgs = 0, T^ = Tl to T^, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Max 


Unitd) 


Test Conditions 


Input High Voltage 


V,H 


2.0 


Vcc 


V 




Input Low Voltage 


V,L 


-0.3 


+ 0.8 


V 




Input Leakage Current 
A0-A1 1 , CS1-CS3, R/W, RES, 02, PD0-PD3 


'in / 


— 


2.5 


fJK 


V,N = OV to 5.0V 
Vcc=OV 


Leakage Current for Three-State Off 
(Three State) D0-D7, PA0-PA7, PB0-PB6 


Itsi 


':'■'■- — ■ 


±10 


^ 


V,N = 0.4V to 2.4V 
Vcc = 5.0V 


Input High Current 
PA0-PA7, PB0-PB6, PD0-PD3 


"iH 


-100 


— 


M 


V,N = 2.4V 


Input Low Current 
PA0-.PA7, PB0-PB6, PD0-PD3 


l|L 


1.6 


_ 


mA 


V,N = 0.4V 


Output High Voltage 
D0-D7, PA0-PA7, PB0-PB6, PC0-PC7 


VoH 


+ 2.4 


__ 


V 


Vcc = 4.75V 
•load = -200 iiA 


Output Low Voltage 

D0-D7, PA0-PA7, PB0-PB6, PC0-PC7 


Vol 




+ 0.4 


V 


Vcc = 4.75V 
'load = 2.5 mA 


Output High Current (Sourcing); 
PA0-PA7, PB0-PB6, PC0-PC7 


•oh 


-200 


-i— 


/.A 


VoH = 2.4V 


Output Low Current (Sinking) 
PA0-PA7, PB0-PB7, PC0-PC7 


'OL 


2.1 


— 


mA 


Vol = 0.4V 


Input Capacitance 
02 
Logic 






20 
10 


PF 
PF 


Vcc = 5.0V, 
V,N - OV, 
f = 1 MHz, 
T;, = 25°C 


Output Capacitance 


Cqut 




10 


pF 


Power Dissipation 


Pd 




1.0 


W 




NOTES: 

1. All units are direct current (DC). 

2. Negative sign indicates current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 



40-PIN DIP 



52-PIN PLASTIC QUIP 



DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 — ) 



(1.65) 0.065 T-yp J L 



(0.45) 0.018 




1.910 
1.890 



(48.00 MM) ,, 



19 EQUAL SPACES 

0. 100 (J. TO L NONCUM. 

(2.54 MM) 

NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 



L.: 



,j_j. 




tT 



0B6± .001 
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DESCRIPTION 

The R6532 RAM-I/O-Timer (RIOT) integrates random access 
memory (RAM), parallel I/O data ports and timer functions into 
a single peripheral device which operates in conjunction with 
any CPU in the R6500 microprocessor family. It is comprised 
of a 128 X 8 static RAM, two software-controlled, 8-bit bidirec- 
tional data ports allowing direct interfacing between the micro- 
computer and peripheral devices, a software programmable 
interval timer with interrupt, capable of timing in various intervals 
from 1 to 262,144 clock periods, and a programmable edge- 
detect circuit. 



FEATURES 

• 128 X 8 static RAM 

• Two 8 bit bidirectional data ports 

• Programmable interval timer with interrupt capability 

• TTL & CMOS compatible peripheral lines 

• One port has direct transistor drive capability 

• Programmable edge-sensitive interrupt input 

• 8 bit bidirectional data bus 

• 6500/6800 bus compatible 

• 1 MHz and 2 MHz parts available 

• Single -f- 5 V power supply 



ORDERING INFORMATION 



Part Number: R6532_ 


r - 


L Temperature Range: 
Blank = 0°C to +70°C 
E = -40°C to +85''C 

- — Package: 

G = Ceramic DIP 
P = Plastic DIP 

Frequency: 

No Letter = 1 MHz 
A = 2 MHz 



vss d 


1 


40 


A5 q 


2 


39 


A4 C= 


3 


38 


A3 [= 


4 


37 


A2 C 


5 


36 


A1 1= 


6 


3S 


Ao c: 


7 


34 


PAO C 


8 


33 


PA1 1= 


9 


32 


PA2 C 


10 


31 


PA3 C 


11 


30 


PA4 [= 


12 


29 


PAS CI 


13 


28 


PA6 m 


14 


27 


PA7 C 


15 


26 


PB7 m 


16 


25 


PB6 d 


17 


24 


PBS iz: 


18 


23 


PB4 d 


19 


22 


vcc[= 


20 


21 



] A6 
] <t>2 
] CS1 
J CS2 
] RS 
I R/W 
1 RES 
1 DO 
] D1 
1 D2 
1 03 
I D4 
1 D5 
1 D6 
I D7_ 
I IRQ 
I PBO 
1 PB1 
I PB2 
I PB3 



R6532 Pin Configuration 
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INTERFACE SIGNALS 



RESET (RES) 

buring system initialization, a low RES input causes a zeroing 
of all four I/O registers. This in turn causes all I/O buses to act 
as inputs thus protecting external components from possible 
damage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an OFF-S TATE durin g Res et. Interrupt capability is disabled with 
the RES signal, The RES signal must be held low for at least 
two clock periods when reset is required. 



ADDRESS LINES (A0-A6) 

There are seven a ddress pins (A0-A6). In addition, there is the 
RAM SELECT (RS) pin. The pins A0-A6 and RS are always used 
as addressing pins. There are two additiona l pins which are used 
as CHIP SELECTS. They are pins GSl and CS2. Tables 1 and 2 
identify the functions selected and registers addressed depending 
upon the address line and RS inputs in conjunction with the R/W 
level. 




READ/WRITE (R/W) 

The R/W signal Is supplied by the nfijcrpprocessor and controls 
the transfer of data to and from the R6532. A high on the R/W 
pin allows the processor to read (with proper addressing) the 
data supplied by the R6532. A low on the R/W pin allows a write 
(with proper addressing) to the R6532. 

INTERRUPT REQUEST (IRQ) 

The IRQ pin is an interrupt pin from the interrupt control logic. 
The pin will be normally high with a low indicating an interrupt 
from the R6532. An external 3K pull-up resistor is required. The 
IRQ pin may be activated by a transition on PA7 or timeout of 
the interval timer. 

DATA BUS (DO- D7) 

The R6532 has eight bidirectional data pins (D0-D7). These pins 
connect to the system's data lines and transfer data between the 
R6532 and the microprocessor data bus. The output buffers 
remain off, or tri-stated, except when the R6532 is selected for 
a Read operation. 



I/O PORTS (PA0-PA7, PBO- PB7) 

The R6532 has 16 pins available for peripheral I/O operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PA0-PA7 and PB0-PB7. (PAT also has another use 
which is discussed later.) Each is set up as an input by writing 
a "0" into the corresponding bit of the data direction register. A 
"1" written into the data direction register causes Its corre- 
sponding bit to be an output. When in the input mode, the 
peripheral output buffers are in the "1" state and the internal 
pull-up device acts as less than one TTL load to the peripheral 
data lines. On a Read operation, the microprocessor reads the 
peripheral pin. When the peripheral device gets information 
from the R6532 it receives data stored in the data register. The 
microprocesr*or reads valid pin information if the peripheral lines 
are greater than 2.0 volts for a "1" and less than 0.8 volt for a 
"0" as the peripheral pins are all TTL compatible. Pins PBO - 
PB7 are also capable of sourcing 3 ma at 1 .5V, thus making 
them capable of Darlington drive. 



R6500 

MICROPROCESSOR 
BUS 
INTERFACE 



D0.D7 <( CQ) :[> 



A0-A6 



02 - 
R/W- 
CS1 - 

m- 

RiS- 

JRQ- 



/^ 



R6532 
RIOT 



-^ > 



PA0-PA7 



A- 



MIZ^ 



PB0-PB7 



PERIPHERAL 
INTERFACE 



RIOT Interface Signals 
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Table 1. Address Decoding 



Operation 


m$ "-: 


R/W 


A4 


A3 


A2 


A1 


AO 


Write RAM 
Read RAM 







1 


■:•■■-*:■■■•■■■■ 


•• . ^ 


,-. ■ _ .. 





— 


Write Output Reg A 
Read Output Reg A 






1 





■"■■'■_ ■ , . 













Write DDRA 
Read DDRA 






1 


■ ,. 


,:■'' — '■'■' 


... ■■0 ,.,.'.■■,■.,; 
:.: 






1 
1 


Write Output Reg B 
Read Output Reg B 






1 


..'-r- ;:; 


— 


■,:,„ 



1 
1 






Write DDRB 
Read DDRB 






1 


■"•— ; 


■— . 





1 
1 


1 

1 


Write Timer 

-^IT 

-^8T 

^64T 

-H1024T 
Read Timer 
Read Interrupt Flag 
Write Edge Detect Control 









1 
1 




1 

1 

1 

1 




(a) 
(a) 
(a) 
(a) 
(a) 







1 
1 

(b) 




1 



1 



1 

(c) 


Notes: 

— = Don't Care. "1" = High level (»2.4V), "0" = Low level (^0.4V) 

(a) A3 = to disable interrupt from timer to jTO (c) AO = for negative edge-detect 
A3 = 1 to enable interrupt from timer to IRQ AO = 1 for positive edge-detect 

(b) A1 = to disable interrupt from PA7 to IRQ 
A1 = 1 to enable interrupt from PA7 to IRQ 



Table 2. Register Addressing 



Start 




Start 




Address + 


Register/Function 


Address + 


Register/Function 


$0 


DRA ('A' side data register) 


$7 


Write edge-detect control (positive edge-detece, 


$1 


DDRA {'A' side data direction register) 




enable interrupt) 


$2 


DRB ('B' side data register) 


$C 


Read timer (enable interrupt) 


$3 


DDRB ('B' side data direction register) 


$14 


Write timer (divide by 1, disable interrupt) 


$4 


Read timer (disable interrupt) 


$15 


Write timer (divide by 8, disable interrupt) 


$4 


Write edge-detect control (negative edge-detect, 


$16 


Write timer (divide by 64, disable interrupt) 




disable interrupt) 


$17 


Write timer (divide by 1024, disable interrupt) 


$5 


Read interrupt flag register (bit 7 = timer, bit 6 = 


$1C 


Write timer (divide by 1, enable interrupt) 




PA7 edge-detect) Clear PA7 flag 


$1D 


Write timer (divide by 8, enable interrupt) 


$5 


Write edge-detect control (positive edge-detect, 


$1E 


Write timer (divide by 64, enable Interrupt) 




disable interrupt) 


$1F 


Write timer (divide by 1024, enable interrupt) 


$6 


Write edge-detect control (negative edge-detect, 
enable interrupt) 
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INTERNAL ORGANIZATION 

The R6532 is divided into four basic sections, RAM, I/O, Timer, 
and Interrupt Control. The RAM interfaces directly with the 
microprocessor through the system data bus and address lines. 
The I/O sectiori consists of two 8-bit halves. Each half contains 
a Data Direction Register (DDR) and a Data Register (DR). 



RAM—I 28 BYTES (1024 BITS) 

The 128 X 8 Read/ Write Memory acts as a conventional static 
RAM and can be accesse d fro m the microprocessor by selecting 
the chip (CS1 = high, CS2 = low) and by setting RS low. 
Address lines AO through A6 then select the desired byte of 
storage. 

I/O PQRTS AND REGISTERS 

The I/O Ports consist of eight lines which can be individually pro- 
grammed to act as either an input or an output. A logic zero in 
a bit of the Port A Data Direction Register (DDRA) causes the 
corresponding line of Port A to act as an input. A logic one 
causes the corresponding Port A line to act as an output. The 
voltage on any line programmed to be an output is determined 
by the corresponding bit in the Port A Data Register (DRA). 



Data Is read directly from the data pins during any read oper- 
ation. For any output pin, the data transferred into the processor 
will be the same as that contained in the Data Register if the 
voltage on the pin is allowed to go to 2.4V for a logic one. Note 
that for input lines, the processor can write into the corre- 
sponding bit of the Data Register. This will not affect the polarity 
on the pin until the corresponding bit of DDRA is set to a logic 
one to allow the I/O line to act as an output. 

The operation of the Port B is exactly the same as the normal 
I/O operation of the Port A. Each of the eight lines can each be 
programmed to act as either an input or as an output by placing 
a or a 1 into the Port B Data Direction register (DDRB). In the 
output mode, the voltage bn a peripheral pin is controlled by the 
Port B Data Register (DRB). 

The primary difference between Port A and the Port B is in the 
operation of the output buffers which drive these pms. The Port 
B output buffers are push-pull devices which are capable of 
sourcing 3 ma at 1.5V. This allows these pins to directly drive 
transistor switches. To assure that the microprocessor will read 
proper data on a "Read Port B" operation, logic in the R6532 
allows the microprocessor to read the Output Register Instead 
of reading the peripheral pin as on Port A. 
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EDGE DETECTING WITH PA7 

In addition to acting as a peripheral I/O line, the PA7 line can 
be used as an edge-detecting input. In this mode, an active tran- 
sition sets the internal interrupt flag (bit 6_orthe Interrupt Flag 
register). Setting the interrupt flag causes IRQ output to go low 
if the PA7 Interrupt has been enabled. 

Control of the PA7 edge detecting mode is accomplished by 
writing to one of four addresses. In this operation, AO controls 
the polarity of the active transition and A1 acts to enable or dis- 
able interrupting of the processor. The data which is placed on 
the Data Bus during this operation is discarded and has no 
effect on the control of PA7. 

The PA7 interrupt flag is set on an active transition, even if the 
pin is being used as a normal input or as a peripheral control 
output. The flag is also set by an acti ve tra nsition if the PA7 
interrupt is disabled. The reset signal (RES> disables the PA7 
interrupt and enables negative (high-to-low) edge detection on 
PA7. The PA7 edge detect logic can be set to detect either a 
positive o r ne gative transition and to either enable or disable 
interrupt (IRQ) generation upon detection. 



During system initialization, the interrupt flag may inadvertently 
be set by an unexpected transition on the PA7. It is therefore 
recommended that the Interrupt flag be cleared before enabling 
interrupting from PA7. To clear PA7 interrupt flag, simply read 
the interrupt Flag Register. 

INTERVAL TIMER 

The Timer section of the R6532 contains three basic parts: pre- 
liminary divide down register, programmable 8-bit register and 
interrupt logic. 

The Timer can be programmed to count up to 255 time intervals. 
Each time interval can be either 1T, 8T, 64T or 1024T Incre- 
ments, where T Is the system clock period. When a full count 
is reached, an interrupt flag is set to logic "1 ". After the Interrupt 
flag is set the internal clock begins counting down at the system 
clock rate to a maximum of -255T. Thus, after the interrupt flag 
is set, a Read of the timer will tell how long since the flag was 
set up to a maximum of 255T. 



IRQ- 



R/W A3 



D7 D5 D3 D1 
D6 I D4 I D2 I DO 



INTERRUPT 
CONTROL 



T^ 




R/W A1 



PROGRAMMABLE 
REQISTER 



D7 D6 



^f t ^^ 
D4 D2 DO 



A1 AO 

i I 



DIVIDE 
DOWN 



Basic Elements of Interval Timer 
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INTERVAL TIMER EXAMPLE 

The 8-l?it microprocessor data bus transfers data to and from 
the Timer. If a count of 52 time intervals were to be counted, 
the pattern 11 1 would be put on the data bus and 
written into the divide by 1 Timer register. 



At the same time that data is being written to the Timer, the 
counting intervals of 1 , 8, 64, 1024T are decoded from address 
lines AO and A1. During a Read or Write operation address line 
A3 c ontrols the interru pt ca pability of PB7, i.e., A3 = 1 enables 
IRQ, A3 = disables IRQ. When the timer is read prior to the 
interrupt flag being set, the number of time intervals remaining 
will be read, i.e., 51, 50, 49, etc. 



When the Timer has counted through on the 
next count time an interrupt will occur and the counter will read 
11111111. After the interrupt flag is set, the timer reg- 
ister decrements at a divide by "1 " rate of the system clock. If 
the timer is read after the interrupt flag is set and a value of 
1 1 10 1 is read, the time since interrupt is 27T. The 
value read is in two's complement, but remember that interrupt 
occurred on count number one. Therefore, we must subtract 1. 



Value read = 1 110 10 
Complement = 0001 101 1 
ADD 1 =00011100 



SUB1 



=00011011 



28 Equals two's com- 
plement of register 
27 



Thus, to arrive at the total elapsed time, merely do a two's com- 
plement add to the original time written into the timer. Again, 
assume time written as 1 1 1 (=52). With a divide 
by 8, total time to interrupt is (52 x 8) + 1 = 41 7T. Total elapsed 
time would be 41 6T + 27T = 443T assuming the value read 
after interrupt was 1 1 1 1 0. 

The interrupt flag will be reset whenever the Timer is accessed 
by a read or a write. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 
When the interrupt flags are read (D7 for the timer, D6 for the 
edge detect) data bus lines D0~D5 go to 0. 

When reading the timer after an interrupt, A3 should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 





COUNTER CONTENTS 

4>2 PULSE NUMBER 
WRITE TIMER 
PRE-SCALE OUTPUT - 



i-rTL 



J~L 



J-L 



NPTc + Tc/2 



j~L_r 



INTERRUPT FLAG (BIT 7)- 
READ TIMER — 



J~L 



Notes: 

Assume 52 Loaded into Timer with a divide by 8. 

The Counter Contents and the Clock Pulse Numbers will coincide. 

Prescale, P = 8. 

Cycle Time, Tc = 1 ^JLsec (for 1 MHz) 

Count, N = 52 



Interval Time Example Waveforms 
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BUS AND PERIPHERAL TIMING WAVEFORMS 



READ TIMING 



02 



ADDRESS 
CS, RS, ETC 



PERIPHERAL ^- 
DATA O^ 



r 



2.0 V 
0.8 V 



f 



2.0 V 
- trO-8V 



J ^0.8 \ 




V 



2.0 V 2.0V'C 

0.8 V 0.8 V, 11 



\ 



WRITE TIMING 



02 



PERIPHERAL ^ 
DATA 



H2.0V 



2.0 V ' 
0.8 V V 



j^O.SV 




\_ 
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AC CHARACTERISTICS 


Characteristic 


Symbol 


R6532 
(liyiHz) 


R6532A 
(2 MHz) 


Unit 


Min 


IMax 


Min 


Max 


Clock Cycle Time 


TCYC 


1 


10 


0.5 


10 


MS 


Clock Pulse Width 


Tc 


470 


— 


240 


~ 


ns 


Rise & Fall Times 


Tr.Tf 


— 


25 


— 


15 


ns 


READ TIMING 


Address Set Up Time 


Tacr 


180 


— 


90 




ns 


Address Hold Time 


TCAR 





— 







ns 


R/W Set Up Time 


TwcR 


180 


— 


90 


— 


ns 


Data Bus Delay Time 


TcDR 


- 


395 


- 


190 


ns 


Data Bus Hold Time 


Thr 


10 


— 


10 


— 


ns 


Peripheral Data Set Up Time 


TPCR 


300 


— 


150 


— 


ns 


WRITE TIMING 


02 Cycle Time 


TcYC 


1 


10 


0.5 


10 


fiS 


02 Pulse Width 


Tc 


470 


— 


240 


— 


ns 


Address Set Up Time 


Tacw 


180 


— 


90 


— 


ns 


Address Hold Time 


TcAH 





— 





— 


ns 


R/W Set Up Time 


Twcw 


180 


— 


90 


— 


ns 


R/W Hold Time 


TcWH 





_ 





— 


ns 


Data Bus Set-Up Time 


Tdcw 


200 


— 


90 


— 


ns 


Data Bus Hold Time 


Thw 


10 


— 


10 


— 


ns 


Peripheral Data Delay Time 


Tcpw 


'" — 


1 


— 


0.5 


fJLS 


Peripheral Data Delay Time CMOS 


TcMOS 


■..,:, ::- :J.:: 


2 


- 


1 


flS 
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MAXIMUM RATINGS* 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


;'"vcc,. 


-0.3 to +7.0 


Vdc 


Input Voltage 


VlN 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto+70 
-40 to +85 


°C 
°C 


Storage Temperature 


TstQ 


-55 to +150 


^C 



*Note: This device contains input protection against damage due to high 
static voltages or electric fields; however, precautions should be taken 
to avoid application of voltages higher than the maximum rating. 



DC CHARACTERISTICS 

(Vcc = 5.0 ± 5%, Ta = T|. to Th unless otherwise noted) 



Characteristic 


Symbol 


MIn 


Max 


Unlt<^> 


Test Conditions 


Input High Voltage 


V,H 


2.4 


Vcc 


V 




Input Low Voltage 


V,L 





,/:,:„,\q_4 


V 




Input Leakage Current: 
A0-A6, RS, R/W, RES. 02. CS1,CS2 


llN 


. — 


^■'■; •"■■■2.5' ."■"■ 


^tA 


V,N = OV to 5.0V 
Vcc = OV 


Input Leakage Current for Three-State Off 
D0-D7 


Its. 


— 


±10'..;',.'',. 


M-A 


V,N = 0.4V to 2.4V 


Input High Current 
PA0-PA7, PB0-PB7 


llH 


-100 


— 


jjlA 


V,H = 2.4V 


Input Low Current 
PA0-PA7. PB0-PB7 


■|.L ■ 


— 


-1.6 


mA 


V,N = 0.4V 


Output High Voltage 
PA0-PA7, PB0-PB7 (TTL drive), D0-D7 
PB0-PB7 (other than TTL drive, e.g., Darlington) 


VoH 


2.4 

1.5 


- 


V 


Vcc = 4.75V 
Iload = -100 m-A 
Iload = 3 mA 


Output Low Voltage 
D0-D7 


Vol 


— 


0.4 


V 


Vcc = 4.75V 
Iload = 1 .6 mA 


Output High Current (Sourcing) 
PA0-PA7, PB0-PB7 (TTL drive), D0-D7 
PB0-PB7 (other drive, e.g., Darlington) 


loH 


-100 
-3.0 


- 


M,A 
mA 


VoH = 2.4V 
VoH = 1.5V 


Output Low Current (Sinking) 
PA0-PA7, PB0-PB7 


loL 


1.6 


— 


mA 


Vol = 0.4V 


Input Capacitance 
02 
Other 


CcLK 





30 
10 


PF 
PF 


Vcc = 5.0V 
V,^4 = OV 
f = 1 MHz 
Ta = 25°C 


Other Capacitance 


CoUT 


- 


10 


PP 


Power Dissipation 


Pd 


- 


1000 


mW 


T;, = O^C 


Notes: 

1. All units are direct current (DC). 

2. Negative sign indicates outward current flow, positive Indicates inward flow. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



r 



-w4fr 



L B 



"HtL. 






0. 



DIM 


MILUM TERS 


INCHES 1 


MIN MAX 


MIN 


1IAX 


A 


50.29 51.31 


1.980 


2.020 


B 


14.86 15.62 


0.585 


0.615 


c 


2.54 4.19 


0.100 


0.165 


D 


0.38 0.53 


0.015 


0.021 


F 


0.76 1.40 


0.030 


0.055 





2.54 BSC 


0.100 BSC 1 


H 


0.76 1.78 


0.030 


0.070 


J 


0.20 0.33 


0.008 


0.013 


K 


2.54 4.19 


0.100 


0.165 


L 


14.60 15.37 


0.575 


0.605 


M 


0" Iff" 


0" 


10* 


N 


0.51 1.52 


0.020 


0.060 



40-PIN PLASTIC DIP 



) 



m A-^ ^ U L » 



DIM 




INCHES 




MIN MAX 


A 




2.040 2.060 


B 


13.72 14.22 


0.540 0.560 


C 


3.55 5.08 


0.140 0.200 


D 


0.36 0.51 


0.014 0.020 


F 


1.02 1.52 


0.040 0.060 





2.5- BSC 


0.100 BSC 


H 


1.65 2.16 


0.065 0.085 


J 


0.20 0.30 


0.008 0.012 


K 


3.05 3.56 


0.120 0.140 


L 


15.24 BSC 


0.600 BSC 


M 


r 


10° 


r io» 


i* 


0.51 


m. 


0.020 0.040 
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R6500 Microcomputer System 




R6541Q, R6500/41, R6500/42 & R6500/43 

ONE-CHIP INTELLIGENT 

PERIPHERAL CONTROLLER 



INTRODUCTION 

The Rockwell R6541Q, R6500/41, R6500/42 and R6500/43 
One-Chip Intelligent Peripheral Controllers (IPC) are general 
purpose, programmable Interface I/O devices designed for use 
with a variety of 8-bit and 1 6-bit microprocessor systems. 

NOTE 

This document describes four Intelligent Peripheral Con- 
troller devices. In the text, the terms IPC or device will be 
used when describing all parts. The few differences will 
be described in the text using the terms R6541Q, 
R6500/41, R6500/42, or R6500/43. 

The one-chip R6500/41 IPC has an enhanced R6502 CPU, 
1.5K by 8-bit ROM, 64 by 8-bit RAM, three I/O ports with mul- 
tiplexed special functions, and a multi-function timer all con- 
tained within a 40 pin package. 

For systems requiring additional I/O ports, the device is also 
available in a 64-pin QUIP version, R6500/42, that provides 
three additional 8-bit ports. 

Another 64 pin QUIP version, R6500/43, Is functionally equiv- 
alent to the R6500/41 except 4K addresses and a data bus are 
provided on pins, and the ROM size Is optionally 256 or bytes. 

The R6541Q, also a 64 pin QUIP version, is functionally iden- 
tical to the R6500/43 except it has no options. The part has no 
ROM and no port pull-up resistors. It can be used as an IPC 
microprocessor or as an emulator for the family. 

In all versions, special interface registers allow these IPC devices 
to function as peripheral controllers for the 6500, 6800, Z80, 
8080, and other 8-bit or 1 6-bit host microcomputer systems. The 
innovative architecture and the demonstrated high performance 
of the R6502 CPU, as well as the instruction simplicity results 
in system cost-effectiveness and a wide range of computational 
power. These features make the device a leading candidate for 
IPC computer applications. 



FEATURES 

• Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

• Asynchronous Host interface that allows independent clock 
operation 

• Input, Output and Status Registers for CPU/Host data transfers 

• Interrupt or polled data interchange with Host 

• Enhanced 6502 CPU 

— Four new bit manipulation instructions: 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
—13 addressing modes 
—True Indexing 

• 1.5K, 256 or zero bytes mask-programmable ROM 

• 64-byte static RAM 

• 47 TTL-compatible I/O lines (R6500/42) 

• 23 TTL-compatible I/O lines (all others) 

• A 1 6-bit programmable counter/timer, with latch 
— Pulse width measurement 

— Pulse generation 
— Interval timer 
— Event counter 

• Seven interrupts 

— Two edge-sensitive lines: one positive, one negative 

— Reset 

—Counter 

— Host data received 

— Output Data Register full 

—Input Data Register empty 

• Multiplexed bus expandable to 4K bytes of external memory 

• Unmultiplexed bus for Peripheral I/O expansion 

• 68% of the instructions are executed In less than 2/xs at 2 
MHz 

• NMOS-3 silicon gate, depletion load technology 

• Single +5V power supply 

• 40-pin DIP(R6500/41) 

• 64-pin QUIP (all others) 



Document No. 29000D95 
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Rockwell supports development of the R6500/41 , R6500/42, 
and R6500/43 with the System 65 Microcomputer develop- 
ment System and the R6500/* Family of Personality Mod- 
ules. Complete in-circuit emulation with the R6500/* Family 
of Personality Modules allows total system test and evaluation. 

This document is for the reader familiar with the R6502 CPU 
hardware and programming capabilities. A detailed descrip- 
tion of the R6502 CPU hardware is included in the R6500 
Microcomputer System Hardware Manual (Order Number 
201 ). A description of the instruction capabilities of the R6502 
CPU is contained in the R6500 Microcomputer System Pro- 
gramming Manual (Order Number 202). 

Additional information on the devices can be obtained from 
the R6500/41 and R6500/42 Product Description (Order 
Number 2135) and the R6500/43 and R6541Q Product 
Description (Order Number 2136). 



MASK OPTIONS 

The R6500/41 provides for internal pull-up resistors on PA 
and PC ports as a mask option. This option is available for 
port groups only, not for individual port lines. 

The R6500/42 has provision for pull-up resistors on PA, PC, 
PF, and PG ports as a mask option. This option is available 
for port groups only, not for individual port lines. 

The R6500/43 allows for 256 Bytes of ROM or no ROM, the 
Reset vector at FFFC or OFFC, and pull-up resistors on PA 
and PC ports as independent mask options. The port resistor 
options are available for port groups only, not for individual 
port lines. 

The R6541Q has no options. It is configured with no ROM, 
Reset vector at FFFC, and no pull-up resistors. 




FUNCTIONAL DESCRIPTION 

The internal CPU or the device is a standard R6502 config- 
uration with the standard R6502 instructions, plus four new 
bit manipulation instructions. These new bit manipulator 
instructions form an enhanced R6502 instruction set and 
improve memory utilization efficiency and performance. 

Set Memory Bit (SMB #,ADDR.) 

This instruction sets to "1" one bit of the 8-bit data field spec- 
ified by the zero page address (memory or I/O port). The first 
byte of the instruction specifies the SMB operation and which 
one of the eight bits to set. The second byte of the instruction 
designates the address (0-255) of the byte or the I/O port to 
be operated on. 

Reset Memory Bit (RMB #,ADDR.) 

This instruction has the same operation and format as the 
SMB instruction except that a reset to "0" results. 

Branch on Bit Set Relative (BBS #,ADDR.,DEST) 

This instruction tests one of the eight bits designated by a 
3-bit immediate field within the first byte of the instruction. 
The second byte designates the location of the byte or I/O 
port to be tested within the zero page address range. The 
third byte of the instruction specifies the 8-bit relative address 
that the instruction will branch to if the tested bit Is a "1". If 
the bit tested is not set, the next sequential instruction is 
executed. 

Brancli on Bit Reset Relative 
(BBR #,ADDR.,DEST) 

This instruction has the same operation and format as the 
BBS Instruction except that a branch occurs if the bit tested 
is a "0". 

Read Only Memory (ROM) 

The ROM consists of 1536 bytes of mask programmable 
memory with an address space from FAOO to FFFF for the 



R6500/41 and R6500/42. The R6500/43 has an optional 256 
bytes of ROM at address space OFOO to OFFF. The R6541Q 
has no ROM. 

Random Access Memory (RAM) 

The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 

System Cloclc 

The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The 
device clock frequency equals the external clock frequency. 
It is also made available for any external device synchroniz- 
ation at pin 02. 

Parallel Input/Output Ports 

All of the devices except the R6500/42 have 23 I/O lines 
grouped Into three ports (PA, PB, PC). Ports A and C may 
be used either for input or output individually or in groups of 
any combination. Port B may be used as all inputs or all 
outputs. 

Port A (PA) 

Port A can be programmed as a standard parallel 8-bit I/O 
port or, under software control, as a counter I/O line or pos- 
itive and negative edge detects. 

Port B (PB) 

Port B can be programmed as an I/O port. 

Port C (PC) 

Port C has seven pins and can be programmed as an I/O 
port. 

Ports E, F, and G (PE, PF, & PG) R6500/42 only 

The R6500/42 has all of the above ports A, B, and C, plus 
three extra ports (PE, PF, PG). Port E is outputs only. Ports 
F and G are bidirectional in any combination. 
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Host Computer Interface 

The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
two control lines, and an 8-bit 3-state data bus. Internal logic 
(controlled by MCR4) configures the address and two control 
lines to either a 6500 or 8080 operational methodology. The 
interface is completely asynchronous and will work with a 
Host Computer up to a 6 MHz bus transfer rate. The device 
clock input frequency need not be the same as the Host's. 
A nribde control register is set to match the interface to that 
of the Host device as follows: 

The device has an 8-bit Input Data Register (IDR) and an 8- 
bjt Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. 

The ODR serves as a temporary storage for data from the 
device to the Host. 

A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the Host Computer and the device. 



Counter/Latch L6gic 

The device contains a 16-bit counter and a 16-bit latch 
associated with it. The counter can be independently pro- 
grammed to operate in one of four modes : 

Counter 

• Pulse width measurement 

• Pulse Generation 

• Interval Timer 

• Event Counter 

Mode Control Register (MCR) 

The Mode Control Register contains control bits for the multi- 
function I/O ports, mode select bits for the Counter, and a 
selection bit for the type of Host interface. 

Interrupt Flag Register (IFR) 

and Interrupt Enable Register (lER) 

The device Includes an Interrupt Flag Register and an Inter- 
rupt Enable Register which flags and controls I/O and counter 
status. 



The Host Status Flag Register contains eight flag bits that 
can be read at any time by either the Host or the device. 



6502 CPU 




PORTA 



64 BYTES RAM 



CONTROL REG 




16 BIT 
CONTR/LATCH 



INPUT DATA 
REG 


OUTPUT DATA 
REG 



PAO-PAT 
(PAO-PED) 
(PA1-NED) 
(PA2-CNTR) 



(D0~D7, TRI-STATE)* 

PC0-PG6 

(AO, A1, A2, A3, 

EMS, R/W, INT)* 



>VAii.A„ 



Drf-Dr 



'MULTIPLEXED OPTION 



R/W(WR)-- 



6502 CPU 




PORTA 



CONTROL REG 



16 BIT 
CONTR/LATCH 



INPUT DATA OUTPUT DATA 

REG REG 



PA0-PA7 
(PAO-PED) 
'^ (PA1-NE0) 
(PA2-CNTR) 

PB0.PB7 
^ (D0rD7. TRI-STATE)* 

PC0-PC6 
> (AO. A1. A2. A3, 
EMS, R/W. INT)* 



. PE0-PE7 
Darlington Output Only 



* MULTIPLEXED OPTION 
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MEMORY MAP 



i 



to 





NORMAL BUS MODE 


fFFE 


IRQ VECTOR 


FFFC 


RES VECTOR 


FAOO 


R0M(1.5K) 




RESERVED 


UU/f- 
0040 


INTERNAL RAM <64) 




RESERVED 


COIF 
0000 


I/O & REGISTERS 



R6500/41 AND R6500/42 
ABBREVIATED BUS MODE 



MULTIPLEXED BUS MODE 



FFFE 


IRQ VECTOR 


FFFC 


R£S VECTOR 


FFFA 
FAOO 


R0M(1.5K) 




RESERVED 


TbFFF 

1 
g 

§ 
i 

0100 


PERIPHERAL 

ADDRESSES 

(16) 


007F 
0040 


INTERNAL RAM (64) 




RESERVED 


001 F 
OOOO 


I/O & REGISTERS 



FFFC 
FFFA 



JIOO 
007F 



001F 
DOOO 



R0M{1.bK) 



RESERVED 



EXTERNAL MEMORY 
4096-128 



INTERNAL RAM (64) 



I/O & REGISTERS 





tW/BOOT STRAP ROM) 


FFFE 


IRQ VECTOR 


FFFC 


(OP RESET VECTOR) 


FFFA 


NMI VECTOR 


FOOO 


4K 
USEfl PROGRAM 


1000 








OFFC 


RESET VECTOR 


OFFB 
OFOO 


BOOT STRAP 
ROM (256) 


0100 


NOT 
AVAILABLE 


007F 
0040 


INTERNAL 
RAM (84) 




RESERVED 


001F 
0000 


I/O & REGISTERS 





R6541 S R6500/43 






(W/0 BOOT STRAP ROM) 




FFFE 


IRQ 




FFFC 


RES 




FFFA 


NMI 






4K 






USER 






PROGRAM 




FOOO 








NOT AVAILABLE 




OFFF 


EXTERNAL 
MEMORY 
4056-128 




0080 






007F 




1 




INTERNAL = 


1 
1 
1 




RAM (64) 


0040 






RESERVED 


OOIF 


l/G & REGISTERS 




0000 







% 



Ca> 



INTERNAL REGISTERS 

WRITE 



HB6 Status Register 
Input Host Bus Buffer 



HBB Status Register 
OutPUtHost Bus Buffer 



Iqmr Counter A 
Lower Counter A# 
l^iper (hunter A 



Lower Latch A 
Upper Latch A»# 
Upper Latch A 



Mode Control Reg. 



Mode Control Reg. 



Interrupt Ei»ble Reg. 
Interrupt Flag Reg. 
Read FF 



Interrupt Enable Reg. 
CIr Interrupt Flag Reg. 



NOT AVAILABLE 



I/O PORTS E. F. 6 
(R6500/42 ONLY) 



NOT AVAILABLE 



I/O PORT C 
I/O PORT B 
I/O PORT A 



OOIF 
001 E 
001 D 
J01C 
001 B 
001A 
0019 
0018 
0017 
0016 
0015 
J014 
0013 
0012 
0011 
0010 



0007 
0006 

0004 
0003 
0002 



*- AND START COUNTER 
# CLEAR FLAG 



O 

3 

9 
o 

■5' 

3 
I 

to 

i 

i 

1 

o 



2. 
ST 
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KEY REGISTER SUMMARY 



CPU Registers 



Processor Status Register 



I ACCUMULATOR 



c 



3 INDEX REGISTER Y Y 


n INDEX REGISTER X X 



I 



3 PROGRAM COUNTER PC 



I SP I STACK POINTER S 

7 

h I V I I B I D I I I 2 JF] PROCESSOR STATUS REG P 



Mode Control Register 



BUS MODE 
SELECT 



2 1 ADDR0014 



1 = Carry Set 
= Carry Clear 



= Zero Result 
= Non-Zero Result 



- INTERRUPT DISABLE (I) (2) 

1 ^ IRQ Interrupt Disabled 

= IRQ Interrupt Enabled 

- DECIMAL MODE (D) (1) 

1 ^ Decimal Mode 
= Binary Mode 



- BREAK COMMAND (B) (1) 

1 ^ Break Command 
■= Non-Break Command 



- OVERFLOW (V) (1) 

1 = Overflow Set 
= Overflow Clear 



COUNTER 
SELECT MODE 



NOTES 

(1) Not Initialized by RES 

(2) Set to Logid by RES 



1 = Negative Value 
^ Positive Value 



BUS SELECT 

= 6500/6800 BUS 

1 =280/8080 BUS 



INTERVAL TIMER 

1 PULSE GENERATOR 

EVENTCOUNTER 

1 PULSE WIDTH MEASUREMENT 



Interrupt Enable and Flag Registers 



INT SELECT 



PORT B ALL INPUTS 

1 PORT B ALL OUTPUTS 

ABBREVIATED BUS MODE 

1 MULTIPLEXED BUS MODE 



Host Status Flag Register 



F4 F3 F2 F1 ODRF IDRF ADDR 0011 



PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 



PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 

INTERNAL INTERRUPT 
REQUEST INTERRUPT ENABLE 

EXTERNAL INTERRUPTS REQUEST 1, 

INT-1 ENABLE 
EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 



OUTPUT DATA REGISTER 
FULL FLAG 



Host Addressing Matrix 



COPIES RS ON 
WRITE FROM HOST 



GENERAL PURPOSE 
FLAGS STATUS REGISTER 



RS(Ao) 


READ 


WRITE 


1 


HOST 
STATUS FLAG 


COMMAND 
INPUT 





DATA REG 
INPUT 


DATA REG 
OUTPUT 
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DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 



Interface Diagram 




cscr 




1§V 


E (RD) [? 




3| CLKIN 


R/W(WR)[3 




38] RES 


RS (AO) [4 




33 PB7 


HDO [5 




36] PB6 


HOlg 




35] PBS 


HD2[7 




34] PB4 


HD3 \± 




33] PB3 


HD4 [9 




32) PB2 


HD5 [10 




31] PB1 


"D6[TT 




30] PBO 


HD7 [ll 




29] PA7 


pcom 




28j PA6 


PC1 [m 




27] PAS 


PC2[i5 




ii] PA4 


PC3[l6 




25] PA3 


PC4[i7 




24] PA2 


PC5|T8 




H PA1 


PC6[^ 




2| PAO 


X2^ 




13 v„ 


FIGURE 2-2. F 

( 


J6500/41 Pir 
40 PIN DIP) 


1 Out Designation 



0.190 MAX 
(4.82 MM) 


— 


0.15S MAX 
(3.93 MM) 









2.050 MAX 
(51.30 MM) 



\ 



0.500 MAX 
(15.24 MM) 




19 EQUAL SPACES 
0.100 <L TOL NONCUM. 
(2.54 MM) 



:-J_J 



t f t 



TYP. 


TYP. ' 


(1.65 MM) 0.065 


(0.55 MM) 0.022 


(1.01 MM) 0.040 


(0.45 MM) 0.018 



_ 0.600 TYP _ 
(15.87 MM) 

40 PIN DIP 

FIGURE 2-3. R6500/41 Dimensional Outline 
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Interface Diagram 
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PC6 c= 
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40 
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PC4 c 
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3 


PCS 1^™ 


28 
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-::'".:::3 
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29 
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30 
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32 
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HB3 
HB4 
HBS 
HB6 
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PCI 
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54 
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52 


3 




14 


51 
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49 
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17 


48 


3 




18 


47 




cz 


19 


46 
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20 


45 






21 


44 
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22 


43 




cz 


23 


42 


3 




24 


41 






25 


40 
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26 


39 


1 — 1 


c 


27 


38 U 
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28 


37 


-rz^ 




29 


36 
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i° 


35 









34 3 
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32 


33 
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PGS 
PG2 
PG1 
PGO 
PF7 
PF6 
PF5 
PF4 
PFS 
PF2 
PFt 
PFO 



FIGURE 2-4. R6541Q, R6500/42 & R6500/43 Pin Out Designations 
(64 PIN QUIP) 
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ELECTRICAL SPECIFICATIONS 



Maximum Ratings 








RATING 


SYMBOL 


VALUE 


UNIT 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.3 to +7,0 


Vdc 


Operating Temperature Range, 
Commercial 


T 


Olo +70 


oc 


Storage Temperature Range 


Tstg 


-65 to +150 


"C 




This device contains circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 



= 5V ± 5%; Vs3 = 0) 



CHARACTERISTIC 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


Power Dissipation (Outputs High) 
Commercial 0°C to +70"C 


Pd 


- 


500 


- 


mW 


Input High Voltage (Normal Operating Levels) 


V,H 


+ 2.0 


- 


Vcc 


Vdc , 


Input Low Voltage (Normal Operating Levels) 


V,L 


-0.3 


— 


+ 0.8 


Vdc 


Input Leakage Current 
Vin = to 5.25 Vdc 


l,N 


-10.0 




+ 10.0 


juAdc 


Input Low Current 
(V,u = 0.4 Vdc) 


l,L 




-1.0 


-1.6 


mAdc 


Output High Voltage 

(Vcc = min, Laa - -tOOAiAdc) 


,VoH 


+ 2.4 


- 


Vcc 


Vdc 


Output High Voltage 
(Vcc = min) 


VcMOS 


Vcc -30% 


_ 


Vcc 


Vdc 


Output Low Voltage 

(Vcc = min, Ua = 1.6mAdc) 


Vol 


- 


- 


-0.4 


Vdc 


Output High Current (Sou rcing) 
(VoH = 2.4 Vdc) 


■loH 


-100 


■ — 


— 


MAdc 


Output Low Current (Sinking) 
(Vol - 0.4 Vdc) 


lou 


1.6 


- 


v - 


mAdc 


Darlington Current Drive, PE* 
(VoH = 1 .5 Vdc) 


loH 


-1.0 


- 


- 


mAdc 


Output Low Current, PE* 
(Vol = 0.4 Vdc) 


lot 


1.6 


— •• 


- 


mAdc 


Input Capacitance 

(Vi„-0. Ta- 25°C,f = 1.0 MHz) 
PA, PB, PC, PF-, PG- 


Cin 


" 


" 


10 


pF 


Output Capacitance 

(V,. - 0,1;^ = 25^C, f = 1.0 MHz) 


CouT 


- 


; 


10 


PF 


.I/O Port Resistance 
PA0-PA7, PC0-PC6 
PF0'PF7, PG0-PG7 


Rl 


3.0 


6.0 


11.5 


KU 



NOTE: Negative sign indicates outward cun-ent flow, positive indicates inward flow. Vcc = 5V ± 5%. *R6500/42 only. 
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R6545-1 
CRT CONTROLLER (CRTC) 



DESCRIPTION 

The R6545-1 CRT Controller (CRTC) interfaces an 8-bit micro- 
processor to CRT raster scan video displays, and adds an 
advanced CRT controller to the established and expanding line 
of R6500, R6500/* and R65C00 microprocessor, microcom- 
puter and peripheral device products. 

The R6545-1 provides refresh memory addresses and char- 
acter generator row addresses which allow up to 1 6K characters 
with 32 scan lines per character to be addressed. A major 
advantage of the R6545-1 is that the refresh memory may be 
addressed in either straight binary or by row/column. 

Other functions in the R6545-1 include an internal cursor reg- 
ister which generates a cursor output when its contents are 
equal to the current refresh address. Programmable cursor start 
and end registers allow a cursor of up to the full character scan 
in height to be placed on any scan lines of the character. Vari- 
able cursor display blink rates are provided. A light pen strobe 
input allows capture of the current refresh address in an internal 
light pen register. The refresh address lines are configured to 
provide direct dynamic memory refresh. 

All timing for the video refresh memory signals is derived f,rom 
the character clock input. Shift register, latch, and multiplex con- 
trol signals (when needed) are provided by external high-speed 
timing. The mode control register allows noninterlaced video 
display modes at 50 or 60 Hz refresh rate. The internal status 
regis ter may be used to monitor the R6545-1 operation. The 
RES input allows the CRTC-generated field rate to be dynam- 
ically-synchronized with line frequency jitter. 



ORDERING INFORMATION 



Part Number: R6545-1_ 

•-Operating Temperature (TlIo Th) 
No letter = 0°C to 70°C 

E = -40°C to 85°C 

— Package 
P = Plastic 
C = Ceramic 

— Operating Frequency 
No Letter = 1 MHz 

A = 2 MHz 



FEATURES 

• Compatible with 8-bit microprocessors 

• Up to 2.5 MHz character clock operation 

• Refresh RAM may be configured In row/column or straight 
binary addressing 

• Alphanumeric and limited graphics capability 

• Up and down scrolling by page, line, or character 

• Programmable Vertical Sync Width 

• Fully programmable display (rows, columns, character matrix) 

• Video Display RAM may be configured as part of micropro- 
cessor memory field or independently slaved to R6545-1 
(Transparent Addressing) 

• Non-interlaced scan 

• 50/60 Hz operation 

• Fully programmable cursor 

• Light pen register 

• Addresses refresh RAM to 16K characters 

• No external DMA required 

• Internal status register 

• 40-Pin ceramic or plastic DIP 

• Pin-compatible with MC6845 

• Single +5 ±5% Volt Power Supply 
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CRT Controller (CRTC) 



INTERFACE SIGNAL DESCRIPTION 

Figure 1 Illustrates the interface between the CPU, the R6545-1, 
and the vjdeo circuitry. Figure 2 shows typical timing waveforms 
at the video interface. 



CPU l/F 




VIDEO l/F 

. HSYNC 
. VSYNC 

DISPLAY ENABLE 
- CURSOR 

LPEN 
. CCLK 

RES 



MAO-MAI 3 RA0-RA4 
REFRESH RAM AND CHARACTER ROM 



Figure 1. R6545-1 Interface Diagram 



CPU INTERFACE 

02 (Phase 2 Clock) 

The Phase 2 (02) input clock triggers all data transfers between 
the system processor (CPU) and the R6545-1. Since there is 
no maximum limit to the allowable 02 clock time, it is not nec- 
essary for it to be a continuous clock. This capability permits 
the R6545-1 to be easily interfaced to non-6500 compatible 
microprocessors. 

R/W (Read/Write) 

The R/W input signal generated by the proce^or controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the R6545-1 , a low on 
the R/W pin allows data on data lines D0-D7 to be written into 
theR6545-1. 

CS (Chip Select) 

The Chip Select input Is normally connected to the processor 
address bus eithendirectly or through a decoder. The R6545-1 
is selected when CS is low. 

RS (Register Select) 

The Register Select input accesses internal registers. A low on 
this pin permits writes (R/W = low) into the Address Register 
and reads (R/W = high) from the Status Register. The contents 
of the Address Register is the identity of the register accessed 
when RS is high. 

D0-D7 (Data Bus) 

The eight data lines (D0-D7) transfer data between the pro- 
cessor and the R6545-1 . These lines are bidirectional and are 
normally high-impedence except during read cycles when the 
chip is selected (CS = low). 



VIDEO INTERFACE 



HSYNC (Horizontal Sync) 

The HSYNC active-high output signal determines the horizontal 
position of displayed text. It may drive a CRT monitor directly 
or may be used for composite video generation. HSYNC time 
position and width are fully programmable. 



VSYNC (Vertical Sync) 

The VSYNC active-high output signal determines the vertical 
position of displayed text. Like HSYNC, VSYNC may drive a 
CRT monitor or composite video generation circuits. VSYNC 
time position and width are both programmable. 



DISPLAY ENABLE (Display Enable) 

The DISPLAY ENABLE active-high output signalindicates when 
the R6545-1 is generating active display information. The number 
of horizontal display characters per row and the number of ver- 
tical display rows are both fully programmable and together gen- 
erate the DISPLAY ENABLE signal. DISPLAY ENABLE delays 
one character time by setting bit 4 of R8 to a 1 . 



CURSOR (Cursor Coincidence) 

The CURSOR active-high output signal indicates when the scan 
coincides with the programmed cursor position. The cursor 
position is programmable to any character in the address field. 
Furthermore, within the character, the cursor may be pro- 
grammed to be any block of scan lines, since the start scan line 
and the end scan line are both programmable. The cursor 
position may be delayed by one character time by setting Bit 5 
of R8 to a 1 . 



LPEN (Light Pen Strobe) 

The LPEN edge-sensitive input signal loads the Internal Light 
Pen Register with the contents of the Refresh Scan Counter at 
the time the active edge occurs. The low-to-high transition 
activates LPEN. 

CCLK(Clocli) 

The CCLK character timing clock input signal is the time base 
for all internal counl/control functions. 

RES 

The RES active-low input signal initializes all internal scan 
counter circuits. When RES is low, all internal counters stop and 
clear all s can a nd video outputs go low with no affect on control 
registers. RES must stay low f or at least one CCLK period. All 
scan timing initiates when RES goes high. In this way, RES can 
synchronize display frame timing with line frequency. RES may 
also synchronize multiple CRTC's in horizontal and/or vertical 
split screen operation. 
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REFRESH RAM AND CHARACTER ROM 
INTERFACE 

MAO-MAl 3 (Refresh RAM Address Lines) 

These 14 active-high output signals address the Refresh RAM 
for character storage and display operations. The fully program- 
mable starting scan address and ending scan address deter- 
mines the total number of characters displayed, in terms of 
characters/line and lines/frame. 

There are two selectable address modes for MA0-MA13: 

In the straight binary mode (R8, Mode Control, bit 2 = 0), char- 
acters are stored in successive memory locations. Thus, the 
software design must translate row and column character 
coordinates into sequentially-numbered addresses. In the row/ 
column mode (R8, Mode Control, bit 2 = 1 ), MA0-MA7 become 
column addresses CC0-CC7 and MA8-MA13 become row 
addresses CR0-CR5. In this case, the software manipulates 
characters in terms of row and column locations, but additional 
address compression circuits are needed to convert the CCO- 
CC7 and CR0-CR5 addresses into a memory-efficient binary 
address scheme. 



RA0-RA4 (Raster Address Lines) 

These five active-high output signals select each raster scan 
within an individual character row. The number of raster scan 
lines is programmable and determines the character height, 
including spaces between character rows. 

The high-order line, RA4, is unique in that it can also function 
as a strobe output pin when the R6545-1 is programmed to 
operate in the "Transparent Address Mode." In this case the 
strobe is an active-high output and is true at the time the Refresh 
RAM update address gates on to the address lines, MA0-MA13. 
In this way, updates and feadouts of the Video Display RAM 
can be made under control of the R6545-1 with only a small 
amount of external circuitry. 
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Figure 2. Vertical and Horizontal Timing 
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INTERNAL REGISTER DESCRIPTION 

Table 1 summarizes the internal registers and indicates their 
address selection and read/write capabilities. 

ADDRESS REGISTER 
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A2 


Ai 


Ao 



This 5-bit write-only register is used as a "pointer" to direct 
CRTC/CPU data transfers within the CRTC. It contains the 
number of the desired register (0-31). With CS and RS low, this 
register may be loaded; with CS low and RS high, the selected 
register is the one whose identity is stored In this address 
register. 



STATUS REGISTER (SR) 
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This 8-bit register contains the status of the CRTC. Only three 
bits are assigned, as follows: 



SR 
1_ 



1 



UR — Update Ready 
This bit goes to when register R31 has been either 
read or written by the CPU. 
This bit goes to 1 when an Update strobe occurs. 




SR 

_6^ LRF — LPEN Register Full 

Register R16 or R17 has been read by the CPU, 

1 LPEN strobe has been received. 



SR 


1 



SR 
4-0 



VRF — Vertical Re-Trace 

Scan is not currently in the vertical re-trace time. 
Scan currently in its vertical re-trace time. Note that 
this bit actually goes to a 1 when vertical re-trace 
starts, but goes to a five character clock times 
before vertical re-trace ends to ensure that critical tim- 
ings for refresh RAM operations are avoided. 



—Not used. 



Table 1. Internal Register Summary 
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Status Reg. 
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VSYNG, HSYNC Widths 
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# Char. Times 
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Vert. Sync Position 
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Mode Control 
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Display Start Addr (H) 
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Display Start Addr (L) 
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R14 


Cursor Position (H) 
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R15 


Cursor Position (L) 
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R16 


Light Pen Reg (H) 




y 




































1 


R17 


Light Pen Reg (L) 
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R18 


Update Address Reg (H) 
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R19 


Update Address Reg (L) 
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R31 


Dummy Location 
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Notes: [*] Designates used bit in register 

^m Designates unused bit in register. Reading tliis bit is always 0, except for R31 , wliich does 
^ not drive the data bus at all, and for CS = 1 which operates li(<ewise. 
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RO— HORIZONTAL TOTAL CHARACTERS 
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NUMBER OF CHARACTERS -1 



to the line frequency to ensure flicker-free appearance. If the 
frame time is ad juste d to be longer than the period of the line 
frequency, then RES may provide absolute Synchronism. 

R5— VERTICAL TOTAL LINE ADJUST 



This 8-blt write-only register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. This 
register determines the frequency of HSYNC. 

R1 —HORIZONTAL DISPLAYED CHARACTERS 
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SCAN LINES 



NUMBER OF CHARACTERS 



This 8-bit write-only register contains the number of displayed 



The 5-bit write-only Vertical Total Line Adjust Register (R5) con- 
tains the number of additional scan lines needed to complete 
an entire frame scan and is intended as a fine adjustment for 
the video frame time. 

R6— VERTICAL DISPLAYED ROWS 



cnaracxers per norizoniai iine. 
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R2— HORIZONTAL SYNC POSITION 
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DISPLAYED CHAR. ROWS 
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This 7-bit write-only register contains the number of displayed 
character rows in each frame. This determines the vertical size 
of the displayed text. 


HORIZONTAL SYNC POSITION 



This 8-bit vyrite-only register coritains the position of HSYNC on 
the horizontal line, in terms of the character location number on 
the line. The positibn of the HSYNC determines the left to right 
location of the displayed text on the video screen. In this way, 
the side margins are adjusted. 

R3— HORIZONTAL AND VERTICAL SYNC WIDTHS 
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This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC, as follows: 



HVSW 
7-4 



VSYNC Pulse Width 

The width of the vertical sync pulse (VSYNC) in the 
number of scan lines. When bits 4-7 are all 0, VSYNC 
is 1 6 scan lines wide. 



HVSW 
3-0 HSYNC Pulse Width 

The width of the horizontal sync pulse (HSYNC) in 
the number of character clock times (CCLK). 

Control of these paraijieters allows the R6545-1 to interface with 
a variety of CRT monitors, since the HSYNC and VSYNC timing 
signals may be accommodated without the use of external one 
shot timing, 

R4— VERTICAL TOTAL ROWS 
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The 7-bit Vertical Total Register contains the total number of 
character rows in a frame, minus one. This register, along with 
R5, determines the overall frame rate, which should be close 



R7— VERTICAL SYNC POSITION 



VERTICAL POSITION 



This 7-bit write-only register selects the character row time at 
which the vertical SYNC pulse is desired to occur and, thus, 
positions the displayed text in the vertical direction. 

R8~-M0DE CONTROL (MC) 
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UM(T) 


US(T) 


CSK 


DES 


RRA 


RAD 


— 






This 8-bit write-only register selects the operating modes of the 
R6545-1, as follows: 



MC 

JL 
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MC 
%_ 
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MC 
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MC 
_4_ 


1 



UM(T) —Update/Read Mode (Transparent Mode) 

Update occurs during horizontal and vertical blanking 

times with update strobe. 

Update interleaves during 02 portion of cycle. 



US(T) —Update Strobe (Transparent Mode) 

Pin 34 functions as memory address. 
Pin 34 functions as update strobe. 



CSK —Cursor SItew 

No delay 

Delays Cursor one character time. 



DES — Display Enable Skew 

No delay 

Display Enable delays one character time. 
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MC 

3 RRA — Refresh RAM Access 

Shared memory access 

1 Transparent memory access 

MC 

2 RAD —Refresh RAM Addressing Mode 

Straight binary addressing 

1 Row/column addressing 



MC 

MC 




-Not Used— don't care 



— Not Used — must be a 0. 

R9— ROW SCAN LINES 
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SCAN LINES -1 



This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 

R10_CURSOR START LINE 



7 


6 


5 


4 


3 


2 


1 


— 


Bi 


Bo 


START SCAN LINE | 


R11— CURSOR END LINE 
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END SCAN LINE 



These 5-bit write-only registers select the starting and ending 
scan lines for the cursor. In addition, bits 5 and 6 of R10 are 
used to select the cursor blink mode, as follows: 



Bi 


Bo 


Cursor Operating Mode 





1 
1 



1 


1 


Display Cursor Continuously 
Blank Cursor 

Blink Cursor at 1/16 Field Rate 
Blink Cursor at 1/32 Field Rate 



A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (R10) and Cursor End Line (R11) reg- 
isters and into the Cursor Position Address High (R14) and 
Cursor Position Low (R15) registers. 

R12— DISPLAY START ADDRESS HIGH 
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DISPLAY START ADDRESS HIGH 



R13^DISPLAY START ADDRESS LOW 



DISPLAY START ADDRESS LOW 



These registers form a 14-bit register whose contents is the 
memory address of the first character of the displayed scan (the 
character on the top left of the video display, as in Figure 1). 
Subsequent memory addresses are generated by the R6545-1 
as a result of CCLK input pulses. Scrolling of the display Is 
accomplished by changing R12 and R1 3 to the memory address 
associated with the first character of the desired line of text to 
be displayed first. Entire pages of text may be scrolled or 
changed as well via R12 and R13. 

R14.CURS0R POSITION HIGH 
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CURSOR POSITION HIGH 


R15— CURSOR POSITION LOW 
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CURSOR POSITION LOW 



These registers form a 1 4-bit register whose contents is the 
memory address of the current cursor position. When the video 
display scan counter (MA lines) matches the contents of this reg- 
ister, and when the scan line counter (RA lines) falls within the 
bounds set by R10 and R1 1, then the CURSOR output becomes 
active. Bit 5 of the Mode Control Register (R8) may be used to 
delay the CURSOR output by a full CCLK time to accommodate 
slow access memories. 

A cursor of up to 32 characters in height can be displayed on 
and between the scan lines as loaded into the Cursor Start Line 
(R10) and Cursor End Line (R11) Registers. 

The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R1 5) registers with the desired refresh RAM address. The 
cursor can be positioned in any of the 16K character positions. 
Hardware paging and data scrolling is thus allowed without loss 
of cursor position. Figure 3 is an example of the display cursor 
scan tine. 
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Figure 3. Cursor Display Scan Line Control Examples 
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R16— LIGHT PEN HIGH 
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LPEN HIGH 


R17— UGHT PEN LOW 
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LPEN LOW 



These registers form a 1 4-bit register whose contents is the light 
pen strobe position, in terms of the video display address at 
which the strobe occurred. When the LPEN input changes from 
low to high, then, on the next negative-going edge of CCLK, the 
contents of the internal scan counter is stored in registers R16 
and R17. 

R18— UPDATE ADDRESS HIGH 
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UPDATE ADDRESS HIGH 



R1 9— UPDATE ADDRESS LOW 



UPDATE ADDRESS LOW 



These registers together comprise a 14-bit register whose con- 
tents is the memory address at which the next read or update 
will occur (for transparent address mode, only). Whenever a 
read/update occurs, the update location automatically incre- 
ments to allow for fast updates or readouts of consecutive char- 
acter locations. This is described elsewhere in this document. 
The section on REFRESH RAM ADDRESSING describes this 
more fully. 

R31— DUMMY LOCATION 
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This register does not store any data, but is required to detect 
when transparent addressing updates occur. This is necessary 
to increment the Update Address Register and to set the Update 
Ready bit in the status register. 

REGISTER FORMATS 

Register pairs R12/R13, R14/R15, R16/R17, and R18/R19 are 
formatted in one of two ways: 

(1) Straight binary, if register R8, bit 2 = 

(2) Row/Column, II register R8, bit 2 = 1. In this case the low 
byte is the Character Column and the high byte is the Char- 
acter Row. 



NUMBER OF HORIZONTAL TOTAL CHARACTERS (RO) 

, — ^ ^ ^ /v . 

NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1) 

^ ^ A ^ 

DISPLAY START ADDRESS HIGH (Ria)* 
y^ DISPLAY START ADDRESS LOW (R13)* 



NUMBER OF 

VERTICAL 

TOTAL 

ROWS 

(R4) 



NUMBER OF 

VERTICAL 

DISPLAY 

ROWS 

(R6) 




VERTICAL 
"" TOTAL 

ADJUST (R5) 



CURSOR POSITION ADDRESS HIGH (R14) 
CURSOR POSITION ADDRESS LOW (R15) 



DISPLAY PERIOD 



VERTICAL RETRACE PERIOD 
(NON-DISPLAY) 



HORIZONTAL 
RETRACE 
PERIOD 
(NON-DISPLAY) 



NUMBER OF 

SCAN LINES (R9) 
' CURSOR START LINE (RIO) 
'CURSOR END LINE (R11) 



Figure 4. Video Display Format 
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DESCRIPTION OF OPERATION 

VIDEO DISPLAY 

Figure 4 indicates tlie relationship of the various program reg- 
isters in tlie R6545-1 and the resultant video display. 

Nbn-displayed areas of tlie Video Display are for horizontal and 
vertical retrace functions of the CRT monitor. The horizontal and 
vertical sync signals, HSYNC and VSYNC, are programmed to 
occur during these intervals and trigger the retrace in the CRT 
monitor, the pulse widths are constrained by the monitor 
requirements. The time position of the pulses may be adjusted 
to vary the display margins (left, right, top, and bottom). 

REFRESH Ft/VM ADDRESSING 

There are two modes of addressing for the video display memory: 



Shared Memory Mode (R8, BIT 3 = 0) 

In this mode, the Refresh RAM address lines (MA0-MA13) 
directly reflect the contents of the internal refresh scan character 
counter. Multiplex control, to permit addressing and selection of 
the RAM by both the CPU and the CRTC, must be provided 
external to the CRTC. In the Row/Column address mode, lines 
MA0-MA7 become character column addresses (CC0-CC7) and 
MA8-MA13 become character row addresses (CR0-CR5). Figure 
5 illustrates the system configuration. 



Transparent Memory Addressing 

For this mode, the display RAM is not directly accessible by the 
CPU, but is controlled entirely by the R6545-1 : All CPU accesses 
are made via the R6545-1 and a small amount of external cir- 
cuits. Figure 6 shows the system configuration for this approach. 
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Figure 5. Shared Memory System Configuration 
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Figures. Transparent Memory Addressing System Configuration 

(Data Hold Latch Needed for HorizontalA^ertical Blanking Updates, Only). 



2-107 



R6545-1 



CRT Controller (CRTC) 



ADDRESSING MODES 

Figure 7 illustrates the address sequence for both modes of the 
Refresh RAM address. 

Row/Column 

In this mode, the GRTG address lines (MA0-MA13) generate as 
8 column (MA0-MA7) and 6 row (MA8-MA13) addresses. Extra 
hardware is needed to compress this addressing into a straight 
binary sequence in order to conserve memory In the refresh 
RAM (register "RS, bit 2 is a 1). 

Binary 

In this mode, the CRTC address lines are straight binary and 
no compression circuits are needed. However, software com- 
plexity increases since the CRT characters cannot be stored in 
terms of their row and column locations, but must be sequential 
(register R8, bit 2 is a 0). 

USE OF DYNAMIC RAM FOf) REFRESH MEMORY 

The R6545-1 permits use of dynamic RAMS as storage devices 
for the Refresh RAM by continuing to increment memory 
addresses in the non-display intervals of the scan. This is a 



viable technique, since the Display Enable signal controls the 
actual video display blanking. Figure 7 illustrates Refresh RAM 
addressing for both row/column and binary addressing for 80 
columns and 24 rows with 10 non-displayed columns and 10 
non-displayed rows. 

Note that the straight-binary mode has the advantage that all 
display memory addresses are stored in a continuous memory 
block, starting with address and ending at 1919. The disad- 
vantage with this method Is that, if it is desired to change a dis- 
played character location, the row and column identity of the 
locatbn must be converted to its binary address before the 
memory may be written. The row/column mode, on the other 
hand, does not need to undergo this conversion. However, 
memory Is not used as efficiently, since the merhory addresses 
are not continuous, gaps exist. This requires that th6 system be 
equipped with more memory than actually used and this extra 
memory Is wasted. Alternatively, address compression logic 
may be employed to translate the row/column format into a con- 
tinuous address block. 

The user selects whichever mode is best for the given appli- 
cation. The trade-offs between the modes are software versus 
hardware. Straight-binary mode minimizes hardware require- 
ments and row/column minimizes software requirements. 
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STRAIGHT BINARY ADDRESSING SEQUENCE 






ROW/COLUMN ADDRESSING SEQUENCE 





Figure 7. Display Address Sequences (witli Start Address = 0) for 80 x 24 Example 
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MEMORY CONTENTION SCHEMES FOR 
SHARED MEMORY ADDRESSING 

From the diagram of Figure 5, it is clear that both the R6545-1 
and the system CPU must address the video display memory. 
The R6545-1 repetitively fetches character information to gen- 
erate the video signals in order to keep the screen display 
active. The CPU occasionally accesses the memory to change 
the displayed information or to read out current data characters. 
Three ways of resolving this dual-contention requirement are 
apparent: 

• CPU Priority 

In this technique, the address lines to the video display 
memory are normally driven by the R6545-1 unless the CPU 
needs access, In which case the CPU addresses immediately 
override those from the R6545-1 giving the CPU immediate 
access. 



TRANSPARENT MEMORY ADDRESSING 

In this mode of operation, the video display memory address 
lines are not switched by contention circuits, but are generated 
by the R6545-1 . In effect, the contention is handled by the 
R6545-1. As a result, the schemes for accomplishing CPU 
memory access are different: 

• ^M(f>2 Interleaving 

This mode is similar to the Interleave mode used with shared 
memory. In this case, however, the 4>2 address is generated 
from the Update Address Register (R18 and R19) in the 
R6545-1. Thus, the CPU must first load the address to be 
accessed into R1 B|R^ 9 and then this address is always gated 
onto the MA lines during <^2. Figure 9 shows the timing. 




(^ 1/(^2 Memory Interleaving 

This method permits both the R6545-1 and the CPU access 
to the video display memory by time-sharing via the system 
(}>^ and (f>2 clocks. During the <^1 portion of each cycle (the 
time when </)2 is low), the R6545-1 address outputs are gated 
to the video display memory. In the 4>2 time, the CPU address 
lines are switched in. In this way, both the R6545-1 and the 
CPU have unimpeded access to the memory. Figure 8 illus- 
trates the timings. 
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Figure 8. <j>'[f<j>2 Interleaving 



Vertical Blanking 

With this approach, the address circuitry is identical to the 
case for CPU Priority updates. The only difference is that the 
Vertical Retrace status bit (bit 5 of the Status Register) is 
used by the CPU so that access to the video display memory 
is only made during vertical blanking time (when bit 5 is a 1). 
In this way, no visible screen perturbations result. See Figure 
1 for details. 



4,2 
CLOCK 



^^^^' 



"\. 



DISPLAY XX UPDATE \/ DISPLAY V/ UPDATE 
ADDR A ADOR A ADDR A ADDR 



X 



Figure 9. 01/(^2 Transparent Interleaving 



• Horizontal/Vertical Blanking 

In this mode, the CPU loads the Update Address, but is only 
gated onto the MA lines during horizontal or vertical blank 
times, so memory accesses do not interfere with the display 
appearance. To signal when the update address is on the MA 
lines, an update strobe (STB) is provided as an alternate 
function of pin 34. Data hold latches are necessary to tem- 
porarily retain the character to be stored until the retrace time 
occurs. In this way, the system CPU is not halted waiting for 
the blanking time to arrive. Figure 11 illustrates the address 
and strobe timing for this mode. 

CURSOR AND DISPLAY ENABLE SKEW CONTROL 

Bits 4 and 5 of the Mode Control register (R8) are used to delay 
the Display Enable and Cursor outputs, respectively. Figure 12 
Illustrates the effect of the delays. 
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Figure 1 0. Operation of Vertical Blanlcing Status Big 
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Figure 1 1 . Retrace Update Timing 
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Figure 12. Cursor and Display Enable Skew 
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WRITE TIMING CHARACTERISTICS (Voc = S.OV + 5%, T* = Tl to Th, unless otherwise noted) 



Symbol Characteristic 


R6545-1 


R6545A-1 




Min. 


Max. 


Min. 


Max. 


Unit 


tcYC Cycle Time 


1.0 


_ ; 


0.5 


— 


J^S 


tc 02 Pulse Width 


440 


— 


200 


— 


ns 


Ucw Address Set-Up Time 


180 


— 


90 


— 


ns 


tcAH Address Hold Time 





— 





— 


ns 


twcw R/W Set-up Time 


180 


_ 


90 


— 


ns 


tcwH ■ R/W Hold Time 





— 





A^ 


ns 


tocw Data Bus Set-Up Time 


265 


— ■ ■■' 


100 


„ _ 


ns 


t Hw Data Bus Hold Time 


10 


., — 


10 


— 


ns 


(tRandtp = 10to30ns) 



READ TIMING CHARACTERISTICS (Vcc = 5.0V ± 5%. Ta = Tl to Th, unless otherwise noted) 



Symbol Characteristic 


R6545-1 


R6545A-1 




Min. 


Max. 


Min. 


Max. 


Unit 


tcYC Cycle Time 


1.0 


— 


0.5 


— 


/AS 


tc <A2 Pulse Width 


440 


— 


200 


^ 


ns 


tACR Address Set-Up Time 


180 


— ' 


90 


— 


ns 


tcAR Address Hold Time 





__ 





— 


ns 


twcR R/W Set-Up Time 


180 


— 


90 


— 


ns 


tcDR Read Access Time (Valid Data) 


. ^ ■ • 


340 


— 


150 


ns 


tHR Read Hold Time 


10 


— 


10 


— 


ns 


tcDA Data Bus Active Time (Invalid Data) 


40 


— 


40 


— 


ns 


(tRandtp = 10 to 30 ns) 



WRITE TIMING WAVEFORMS 

-tcYC 



CS, RS 



R/W 



DATA BUS 




02 
CS, RS 

R/W 
DATA BUS 



READ TIMING WAVEFORMS 

tcYC 



/' )L^J 



yp-*wcR-*- * 



*ACR *CAR 



^ — tcDA 



tHR 



> 
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Ta = Tl to Th, unless otherwise noted) 


Symbol 


Characteristic 


R6545-1 


R6545A-1 




Min. 


Max. 


Min. 


Max. 


Unit 


tcCY 


Character Clock Cycle Time 


0.40 


— 


0.40 


— 


/AS 


tcCH 


Character Clock Pulse Width 


200 


— 


200 


— 


ns 


Wmad 


IVIA0-MA1 3 Propagation Delay 


— 


300 


— 


300 


ns 


(X)tRAD 


RA0-RA4 Propagation Delay 


— 


300 


— 


300 


ns 


(X)tDTD 


DISPLAY ENABLE Propagation Delay 


— 


450 


— 


450 


ns 


(X)t HSD 


HSYNC Propagation Delay 


— 


450 


— 


450 


ns 


(X)tvSD 


VSYNC Propagation Delay 


— 


450 


— ;, 


450 


ns 


(X)tcDD 


CURSOR Propagation Delay 


— ■ 


450 


— ■■ '■' 


450 


ns 


tjAD 


MA0-MA13 Switching Delay 


— 


200 


— 


200 


ns 


Note: 

tR, tp = 20 ns (max). 



SYSTEM TIMING WAVEFORMS 



-tcCY- 



CCLK 



OUTPUTS M 
(SEE TABLE) 



tcCH— • 



\ 



k-XH 



TRANSPARENT ADDRESSING 
WAVEFORMS (01/02 INTERLEAVING) 




LIGHT PEN STROBE TIMING CHARACTERISTICS 



Symbol 


Characteristic 


R6S45-1 


R6545A-1 




Min. 


Max. 


Min. 


Max. 


Unit 


^LPH 


LPEN Hold Time 


150 


— 


150 


. — 


ns 


tLP1 


LPEN Setup Time 


20 


— 


20 


— 


ns 


tLP2 


CCLK to LPEN Delay 





— 





_ 


ns 


Note: 

tR, tp = 20 n 


s (max) 









LIGHT PEN STROBE TIMING WAVEFORMS 



CCLK 



LPEN 



MAO-MAI 3 



SEE NOTE -HtLPi——*,,./ 



SEE NOTE 






X 



n+2 



NOTE: "Safe" time position for LPEN positive edge to cause 
address n+2 to load into Liglit Pen Register. 
t|.p2 and t|.pi are time positions causing uncertain results. 
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ABSOLUTE MAXIMUM RATINGS* 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V.N 


-0.3 to +7.0 


Vdc 


Operating Temperature Range 
Commercial 
industrial 


Ta 


to +70 
-40 to +85 


°C 


Storage Temperature 


TSTG 


-55 to +150 


°c 



*NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS (Vcc = S.OV ± 5%, Ta = Tl to Th. unless othenvise noted) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input High Voltage 


V,H 


2.4 


Vcc 


Vdc 


Input Low Voltage 


V,L 


-0.3 


0.4 


Vdc 


Input Leakage {02, R/W, RES, CS, RS, LPEN, CCLK) 


l|N 


— 


2.5 


jaAdc 


Three-State Input Leakage (DO-DT) 
(V,N = 0.4 to 2.4V) 


'tsi 


, __ 


±10.0 


fiAdc 


Output High Voltage 

Iload = 205 fiAdC (D0-D7) 
•load = 100 fjiMc (all others) 


VoH^ 


2.4 


- 


Vdc 


Output Low Voltage 
'load = l-S mAdc 


Vol 




0.4 


Vdc 


Power Dissipation 


Pd 


■■ — .; „;., . 


900 


mW 


Input Capacitance 
02, R/W, RES, CS, RS, LPEN, CCLK 
D0-D7 


Ciisi 


- 


10.0 
12.5 


pF 


Output Capacitance 


CoUT 


— 


10.0 


PF 



TEST LOAD 



R6545-1 PIN r 



C ^ 




R = HKH for D0-D7 

= 24Kn FOR ALL OTHER OUTPUTS 
C = 130 pF TOTAL FOR D0-D7 

= 30 pF ALL OTHER OUTPUTS 
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PACKAGE DIMENSIONS 

40-PIN CERAMIC DIP 



40 




21 


B 






P 












HP - "' 














W^. 



^^v. 



40-PIN PLASTIC DIP 

nrinnnnnrii^rinnnnni^nririg;! 



p 



'j'»''»' ' v''»'k;>Juu>j ' j'v''v''w'>j»>» ' U ' w''j^ 



Mmwwwwwln:^^ 



-^Gk 



m 



JUd 



^ 



L« 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51 56 


1 980 


2 030 


B 


14.73 


15 49 


580 


0610 


C 


1.78 


3 05 


070 


120 


D 


0.38 


58 


015 


023 


F 


1.02 


165 


0.040 


065 


G 


2.29 


2 80 


090 


0110 


J 


0.20 


38 


008 


0015 


K 


3.18 


3 81 


125 


150 


L 


14.99 


16.51 


0.590 


0.650 


M 


0° 


, 10" 


0° 


10° 


N 


0.58 


1.78 


0.020 


0.070 



DIM 


MILLIMETERS 


INCHES I 


MIN 


MAX 


MIN 


MAX 




'51.28 


52.32 


2.040 


2.060 




13.72 


14.22 


0.540 


0.560 




3.55 


5.08 


0.140 


0.200 




0.36 


0.51 


0.014 


0020 




:i:02 


1.52 


0.040 


0.060 




2:54 BSC - 


Q.100BSC 1 




1.65 


2.16 


0.065 


0.065 




0.20 


0.30 


0.008. 


0.012 




3.05 


3.56 


0.120 


0.140 




15.24 BSC 


0.600 BSC I 




r 


10° 


T 


10° 




0.51 


1.02 


0.020 


0.040 
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R6551 

ASYNCHRONOUS COMMUNICAriONS 

INTERFACE ADAPTER (ACIA) 



DESCRIPTION 

The Rockwell R6551 Asynchronous Communications Interface 
Adapter (ACIA) provides an easily Implemented, program con- 
trolled interface between 8-bit microprocessor-based systems 
and serial communication data sets and modems. 

The ACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 1 5 dif- 
ferent rates from 50 to 19,200 baud, or at Vie times an external 
clock rate. The Receiver baud rate may be selected under pro- 
gram control to be either the Transmitter rate, or at Vie tihies 
the external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 1 V2, or 
2 stop bits. 

The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementa- 
tion. Three separate registers permit the MPU to easily select 
the R6551 's operating modes and data checking parameters 
and determine operational status. 

The Command Register controls parity, rec eive r echo mode, 
transmitter interrupt control, the state of th e RTS line, receiver 
interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The S tatus Register indicates the states of the IRQ, DSR, and 
DCD lines. Transmitter and Receiver Data Registers, and 
Overrun^ Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 



ORDERING INFORMATION 



Part No.: R6551^^« 

I* Temperature Range (TlIo Th): 
Blank =0°Cto +70°C 
E = -40°Cto+85°C 

— Frequency Range: 
1=1 MHz 
2=2 MHz 

^Package: 

= Ceramic 
P = Plastic 



FEATURES 

• Compatible with 8-blt microprocessors 

• Full duplex operation with buffered receiver and transmitter 

• Data set/modem control functions 

• Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

• Program-selectable internally or externally controlled receiver 
rate 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Program reset 

• Program-selectable serial echo mode 

• Two chip selects 

• 2 or 1 MHz operation 

• 5.0 Vdc ± 5% supply requirements 

• 28-pln plastic or ceramrc DIP 

• Full TTL compatibility 

• Compatible with R6500, R6500/* and R65C00 micro- 
processors 











VSS CZ 


1 


28 


ZD R/W 


cso cz 


2 


27 


=102 


CSI LZ 


3 


26 


ZDIRQ 


RES d 


4 


25 


Z3D7 


RxC [Z 


5 


24 


ZD D6 


xTLi m 


6 


23 


Z3D5 


XTLO d 


7 


22 


d|D4 


RTS CZ 


8 


21 


Z3D3 


CTS tZ 


9 


20 


Z3D2 


TxD CZ 


10 


19 


Z3D1^, 


DTR tZ 


11 


18 


Z3 DO ' 


RxD d 


12 


17 


Z]DSR 


RSO CZ 


13 


16 


ZlDCD 


RSI CZ 


14 


15 


Z3 vcc 











Figure 1. R6551 ACIA Pin Configuration 
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Figure 2. ACIA Internal Organization 



FUNCTIONAL DESCRIPTION 

A block diagram of the ACIA is presented in Figure 2 followed 
by a description of each functional element of the device. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. When 
the R/W line is high and the chip is selected, the Data Bus Buffer 
passes the data from the system data lines to the ACIA internal 
data bus. When the R/W line is low and the chip is selected, the 
Data Bus Buffer writes the data from the internal data bus to the 
system data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if ena bled. Bits 5 and 6 correspofid to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal registers 
in preparation for a data transfer on the internal data bus and 
the direction of the transfer to or from the register. 

The registers are selected by the Receiver Select (RS1, RSO) 
and Read/Write (R/W) lines as described later in Table 1. 



TIMING AND CONTROL 

The Timing and Control logic controls the timing of data trans- 
fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 
reset features. 

Timing is controlled by the system j62 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the j^2 high period when selected. 

All registers will be in itialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 



TRANSMITTER AND RECEIVER DATA REGISTERS 

These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select (RSO)_and Register 
Select 1 (RSI) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 

Bit is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care". 

The Receiver Data Register holds the first received data bit in 
bit (least significant bit first). Unused high-order bits are "0". 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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STATUS REGISTER 

The Status Register indicates the state of interrupt conditions 
and other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through respectively). 



Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (2) 

None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 



7 


6 


5 


4 


3 


2 


T 





IRQ 


DSR 


DCD 


TORE 


RDRE 


OVRN 


FE 


PE 



Bit 7 Interrupt (IRQ) 

No interrupt 

1 Interrupt has occurred 



Receiver Data Register Full (Bit 3) 

This bit goes to a 1 when the AC I A transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a (is cleared) when the processor reads the Receiver Data 
Register. 



Bit 6 Data Set Ready (DSR) 

DSR low (ready) 

1 0^ high (not ready) 

Bit 5 Data Carrier Detect (DCD) 

DCD low (detected) 

1 DCD high (not detected) 

Bit 4 Transmitter Data Register Empty 

Not empty 

1 Empty 

Bit 3 Receiver Data Register Full 

Not full 

1 Full 

Bit 2 Overrun* 

No overrun 

1 Overrun has occurred 

Biti Framing Error* 

No framing error 

1 Framing error detected 

Bit Parity Error* 

No parity error 

1 Parity error detected 

*No interrupt occurs for these conditions 
Reset Initialization 



Transmitter Data Register Empty (Bit 4) 

This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to a (is cleared) when the processor writes new data 
onto the Transmitter Data Register. 



Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (IRQ) occurs, unle ss bit 
1 of the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is Interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. 



Interrupt (Bit 7) 

This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a (is cleared) when the Status Register is read. 



7 6 5 4 3 2 10 

£_ n n JL _?_ A A -1 



Hardware reset 
Program reset 
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CONTROL REGISTER 

The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 



7 


6 


5 


4 


3 


2 


1 





SBN 


WL 


RCS 


SBR 1 




WL1 


WLO 


SBR3 SBR2 


SBR1 


SBROJ 



Bit 7 Stop Bit Number (SBN) 

1 Stop bit 

1 2 Stop bits 

1 11/2 Stop bits 

For WL = 5 and no parity 

1 1 Stop bit 

For WL = 8 and parity 

Bits 6-5 Word Length (WL) 

J6_ _5_ No. Bits 
8 

1 7 

10 6 

Bit 4 Receiver Cloclc Source (RCS) 

External receiver clock 

1 Baud rate 

Bits 3-0 Selected Baud Rate (SBR) 



Baud 



Reset Initialization 
7 6 5 4 3 2 1 



00000000 



1 6x External Clock 

50 

75 

109.92 

134.58 

150 

300 

600 

1200 

1800 

2400 

3600 

4800 

7200 

9600 

19,200 



Hardware reset (RES) 
Program reset 



Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits select the Transmitter baud rate, which can be at 
Vi6 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 

If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 




RECEIVER 
SHIFT REGISTER 



CLOCI 



)CR 
DIVIDER 
(16) 



SYNC 
LOGIC 



CONTROL ^ 
REGISTER y 
BIT 4 



i 



RxC 



BAUD RATE 
GENERATOR 



fTTT 

BITS 0-3 IN 
CONTROL 
REGISTER 



CLOCK 
DIVIDER 
(16) 



TRANSMITTER 
SHIFT REGISTER 



Figure 3. Transmitter/Receiver Clock Circuits 



Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A causes 
the Receiver to operate at a baud rate of Vie an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 
bits). 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A always 
indicates one stop bit. A 1 indicates 1 Vz stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, or 2 stop bits in all other configurations. 
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COMMAND REGISTER 

The Command Register controls specific modes and functions. 



7 


6 


5 


4 


3 


2 


1 





PMC 


PME 


REM 


TIC 


IRD 


DTR 


PMC1 


PMCO 


TIC1 


TICO 



Bits 7-6 Parity Mode Control (PMC) 



Bit 5 





Bit 4 





1 


Bits 3-2 


3 2 



1 


1 


1 1 


Bit 1 





1 


BitO 





1 



Odd parity transmitted/received 
Even parity transmitted/ received 
Mark parity bit transmitted 
Parity check disabled 
Space parity bit transmitted 
Parity check disabled 

Parity Mode Enabled (PME) 

Parity mode disabled 
No parity bit generated 
Parity check disabled 
Parity mode enabled 

Receiver Echo Mode (REM) 

Receiver normal mode 

Receiver echo mode bits 2 and 3 

Must be zero for receiver echo mode, RTS will 

be low. 

Transmitter Interrupt Control (TIC) 

RTS = High, transmit interrupt disabled 
RTS = Low, transmit interrupt enabled 
RTS = Low, transmit interrupt disabled 
RTS -= Low, transmit interrupt disabled 
transmit break on TxD 

Interrupt Request Disabled (IRD) 

IRQ enabled 
IRQ disabled 

Data Terminal Ready ( DTR) 

Data terminal not rea dy (D TR high) 
Data terminal ready (DTR low) 



Data Terminal Ready (Bit 0) 

This bit enables ail selecte d inte rrupts and controls the state of 
the Data Terminal Ready (DTR) line. A ind icate s the micro- 
computer system is not ready by setting the DTR line high. A 
1 ind icates the microcomputer system is ready by setting the 
DTR line low. 



Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt when 
set to a 1 . The Receiver interrupt is enabled when this bit is set 
to a and Bit is set to a 1 . 



Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 



Receiver Ec ho Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a enables the 
Receiver Echo Mode. When bit 4 is a 1, bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 



Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 

Parity Mode Control (Bits 6, 7) 

These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 



Reset Initialization 
7 6 5 4 3 2 10 
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INTERFACE SIGNALS 

Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modeni. 



D0.D7 <ZbZ> 



R/W - 
CSO- 
CS1- 
RSO- 
RS1 - 



^2- 

RES . 



VCC - 
VSS 



DATA 

BUS 

BUFFERS 



TRANSMIT 
CONTROL 



INTERRUPT 
LOGIC 



TRANSMIT 
DATA& 
SHIFT 
REGISTERS 







STATUS 
REGISTER 


I/O 
CONTROL 










BAUD 
RATE 
GENERATOR 







CONTROL 
REGISTER 


TIMING 

& CONTROL 

LOGIC 










COMMAND 
REGISTER 







RECEIVE 
DATA& 
SHIFT 
REGISTERS 



RECEIVE 
CONTROL 



-CTS 



• dCd 



> RxC 
■XTLI 
' XTLO 



-► OTR 
-♦► RTS 



Interrupt Request (IRQ) 

The IRQ pin is an Interrupt output from the interrupt control logic 
It is an open drain outpu t, pe rmitting several devices to be con- 
nected to the c ommon IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 

Data Bus (D0-D7) 

The eight data line (D0-D7) pins transfer data between the pro- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. 



Chip Selects (CS0,CS1) 

The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or t hroug h decoders. The 
ACIA is selected when CSO is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (RSO, RSI). 



Register Selects (RSO, RSI) 

The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. 




Figure 4. ACIA Interface Diagram 



Table 1. ACIA Register Selection 



MICROPROCESSOR INTERFACE 

Reset (^ES) 

During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The 
Status Register is cleared with the exception of the indications 
of Data Set Read y and Da ta Car rier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one 02 clock cycle 
for a reset to occur. 

Input Cloclc (02) 

The input clock is the system 02 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 

Read/Write (R/W) 

The R/W input, generated by the microproce^or controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 



RSI 


RSO 


Register Operation 


R/W = Low 


R/W = High 


L 


L 


Write Transmit Data 
Register 


Read Receiver 
Data Register 


L 


H 


Programmed Reset 
(Data is "Don't 
Care") 


Read Status 
Register 


H 


L 


Write Command 
Register 


Read Command 
Register 


H 


H 


Write Control 
Register 


Read Control 
Register 



Only the Command and Control registers can both be read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through in the Com- 
mand register and bit 2 in the Status Register. The Control Reg- 
ister is unchanged by a programmed Reset. It should t>e noted 
that the pro gramm ed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 



2-121 



R65S1 



Asynchronous Gommunications Interface Adapter (ACIA) 



ACI A/MODEM INTERFACE 

Crystal Pins (XTLI, XTLO) 

These pins are normally directly connected to the external 
crystal (1.8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 
in which case 1he XTLO pin must float. XTLI is the input pin for 
the transmit clock. 



Transmit Data (TxD) 

The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 

Receive Data (RxD) 

The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. 

Receive Clock (RxC) 

The RxC is a bi-directional pin which is either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 

Request to Send (RTS) 

The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 



Clear to Send (CTS) 

The CTS inp ut pin controls the transmitter operation. The enable 
st ate i s with CTS low. The transmitter is automatically disabled 
if CTS is high. 

Data Terminal Ready (DTR) 

This outp ut pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit of the 
Command Register. 

Data Set Ready (DSR) 

The DSR input pin indicates to the ACIA the status of the 
modem. A low indicates the "re^ady" state and a high, "not- 
ready." 

Data Carrier Detect (DCD) 

The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the moderti. A low indicates that the modem 
carrier signal is present and a high, that it is hot. 

TRANSMITTER AND RECEIVER 
OPERATION 

Continuous Data Transmit 

in the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 

The processor must then identify that the Traigsmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous "MARK" will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. 
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Figure 5. Continuous Data Transmit 
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Continuous Data Receive 

Similar to the Continuous Data Tr ansm it case, the normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ^/le point through 
the Stop Bit. The processor must read the Status Register and 



read the data word before the next interrupt, otherwise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 
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Figure 6^ C6ntinuous Data Receive 



Transmit Data Register Not Loaded by Processor 

If the processor is uriable to load the Transmit Data Register in 
the allocated time, then the Tx D lin e goes to the "MARK" con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 



When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figuf^ 7 
shows the timing relationship for this mode of operation. 
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Figure 7. Transmit Data Register Not Loaded by Processor 
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Effect of CTS on Transmitter 

CTS is the Clear-to-Send signal generated by the modem. It is 
normally low (true state) but may go high In the event of some 
modem problems. When this occurs, the TxD line goes to the 
"MARK" condition after the entire last character (including parity 
and stop bit) have been transmitted. Bit 4 in the Status Register 



indicates that the Tr ansm itter Data Register is not empty and 
IRQ is not asserted. CTS is a transmit control line only, and has 
no effect on the ACIA Receiver Operation. Figure 8 shows the 
timing relationship for this mode of operation. 
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Figure 8. Effect of CTS on Transmitter 



Effect of Overrun on Receiver 

If the processor does not read the Receiver data Register In the 
allocated time, then, when the following interrupt occurs, the 
new data word is not transferred to the Receiver Data Register, 



but the Overrun status bit is set. Thus, the Data Register will 
contain the last valid data word received and all following data 
is lost. Figure 9 shows the timing relationship for this mode. 
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Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by V2 of the bit time, as shown in Figure 10. 
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Figure 10. Echo Mode Timing 



Effect of CTS on Echo Mode Operation 

In Echo Mode, the Receiver operation is unaf fected by CTS, 
however, the Transmitter is affected when CTS goes high, i.e., 
the TxD line immediately goes to a continuous "MARK" con- 
dition. In this case, however, the Status Request indicates that 



the Receiver Data Register is full in response to an IRQ, so the 
processor has no way of knowing that the Transmitter has 
ceased to echo. See Figure 1 1 for the timing relationship of this 
mode. 
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Figure 1 1 . Effect of CTS on Echo (Mode 
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Overrun in Echo Mode 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 



"MARK" condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 
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Figure 12. Overrun in Echo Mode 



Framing Error 

Framing Error is caused by the absence of Stop Bit (s) on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register can also be 



checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 
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Figure 13. Framing Error 
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Effect of DCD on Receiver 

DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop trans mittin g data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 



Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the p rocessor, the ACIA automatically checks the level of the 
DCD line, and if It has changed, another IRQ occurs (see Figure 
14). 
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Figure 1 4. Effect of DCD on Receiver 



Timing with 11/2 Stop Bits 

It is possible to select IV2 Stop Bits, but this occurs only for 
5-bit datawords with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register f^ull occurs halfway through the 



trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. 
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Figure 15. Timing with IV2 Stop Bits 
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Transmit Continuous "BREAK" 

This mode is selected via the ACIA Command Register and 
causes the Transmitter to send continuous "BREAK" charac- 
ters, beginning with the next character transmitted. At least one 
full "BREAK" character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 1 6 shows the timing rela- 
tionship for this mode. 



Note 

If, while op eratin g in the Transmit Continuous "BREAK" 
mode, the CTS shou ld go to a high, the TxD will be 
overridden by the CTS and will go to continuous "MARK" 
at the beginning of the next character transmitted after the 
CTS goes high. 
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Figure 16. Transmit Continuous "BREAK" 



Receive Continuous "BREAK" 

In the event the modem transmits continuous "BREAK" char- 
acters, the ACIA will terminate receiving. Reception will resume 
only after a Stop Bit is encountered by the ACIA. Figure 17 



shows the timing relationship for continuous "BREAK" 
characters. 
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Figure 17. Receive Continuous "BREAK" 
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STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 



1. Read Status Register 

This operation autom atic ally c lears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 

2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 

These must be compared to their previous levels, which must 
have been saved by the processor. If they are both (modem 
"on-line") and they are unchanged then the remaining bits 
must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above conditions exist, then CTS must have 
gone to the false (high) state. 



PROGRAM RESET OPERATION 

A program reset occurs when the processor performs a write 
operation to the ACIA with RSO low and RS1 high. The program 
r eset operates somewhat different from the hardware reset 
(RES pin) and is described as follows: 



1. Internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 

2. The DTR line goes high immediately. 

3. R eceiv er and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occurs, it st ay s low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupt s are dis abled immediately. If [RQ is 
low a nd w as ca used by DCD or DSR, then It goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur. 

5. Overrun cleared, if set. 



MISCELLANEOUS 

1 . If Echo Mode is selected, RTS goes low. 

2. If Bit of Command Register is (disabled), then: 

a) All In terru pts a re disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of all the 1 bits in the data 
word (Including^he parity bit) is odd. 

4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 

5. Transmitter and Receiver may be In full operation simulta- 
neously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high right 
after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway Into the bit to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 

7. Precautions to consider with the crystal oscillator circuit: 

a) The external crystal should be a "series" mode crystal. 

b) The XTALI input may be used as an external clock input. 
The unused pin (EXTALO) must be floating and may not 
be used for any other function. 

8. DCD and DSR transitions, although causing immediate pro- 
cessor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be terminated either to GND or Vcc- 



GENERATION OF NON-STANDARD 
BAUD RATES 

Divisors 

The Internal counter/divider circuit selects the appropriate divi- 
sor for the crystal frequency by means of bits 0-3 of the ACIA 
Control Register, as shown in Table 2. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be generated. 
These can be determined by: 




Baud Rate = 



Crystal Frequency 



Divisor 

Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 
6) must be the clock input and XTALO (pin 7) must be a no- 
connect. 
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Table 2. Divisor Selection 




Control 

Register 

Bits 


Divisor Selected 

For The 
Internal Counter 


Baud Rate Generated 

With 1.8432 MHz 

Crtstal 


Baud Rate Generated 

With a Crystal 

of Frequency (F) 


3 


2 1 








No Divisor Selected 


16 X External Clock 
at Pin RxC 


16 X External Clock 
at Pin RxC 





1 


36,864 


1.8432 X 106 

-— =50 

36,864 


F 


36,864 





1 


24,576 


1.8432 X 10« 

' ^ • 75. 

24,576 


F 


24,576 





1 1 


16,769 


1.8432x106 

=109.92 

16,769 


.•■ ■ p ^ 


16,769 





1 


13.704 


1.8432 X 106 

^=134.51 

13,704 


F 


13,704 





10 1 


12i288 


1.8432 X 106 

^ =150 

12,288 


f' '■' 


12,289 





1 10 


'"■^ .6,144 ^ 


1.8432 X 106 

— =300 

6,144 


■' F 


6,144 





1 1 1 


3,b7^ 


1.8432 X 106 

^ -=600 

3,072 


f ,.,., 


3,072 







1,536 


1.8432 X 10® 

—= 1.200 

1,536 


, F, 

: „; ; '" 


1,536 


1 1 


1,024 


1.8432 X 106 


"■■ '■ F :■ 


1.024 


1,024 


1 1 


768 


1.8432 X 106 


■F'^. 


768 


768 


1 1 1 


512 


1.8432 X 106 


F 


512 


512 




1 


384 


1.8432 X 106 


■:./../p'',- 


384 


384 


1 1 1 


256 


1.8432 X 106 

_^=7 200 

256 


F „, 


256 




1 1 


192 


1.8432 X 106 


F 


— y.DUu 

192 


192 




1 1 1 


96 


1.8432 X 106 


F 


96 


96 
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DIAGNOSTIC LOOP-BACK 
OPERATING MODES 

A simplified blcx^k diagram for a system incorporating an ACIA 
is shown in Figure 1 8. 

It may be desirable to include in the system a facility for "loop- 
back" testing, of which there are two kinds: 

1. Local Loop-Back 

Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively discon- 
nected and the ACIA transmitter connected back to its own 
receiver, sp that the processor can perform diagnostic checks 
on the system, excluding the actualdMa channeL 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 

The ACIA does not contain automatic loop-back operating 
rnodes, but they may be imfDlemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB = high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

3. Connects transmit ter o utp uts t o resp ec tive receiver inputs 
(i.e., TxD to RxD, DTR to DCD, RTS to CTS). 

LLB may be tied to a peripheral control pin (from an R6520 or 
R6522, for example) to provide processor control of local loop- 



back operation. In this way, the processor can easily perform 
local loop-back diagnostic testing. 

Remote loop-back does not require this circuitry, so LLB must 
be set low. However, the processor must select the following: 

1 . Control Register bit 4 must be 1 , so that the transmitter clock 
equals the receiver clock. . 

2. Command Register bit 4 must be 1 to select Ecl'o Mode. 

3. Command Regi ster b its 3 and 2 must be 1 and 0, respec- 
tively to disable IRQ interrupt to transmitter. 

4. Command Register bit 1 must be to disable IRQ interrupt 
for receiver. 

In this way, the system re-transmits received data without any 
effect On the local system. 
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Figure 18. Simplified System Diagram 
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Figure 19. Loop-Bacic Circuit Schematic 
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READ TIMING DIAGRAM 

Timing diagrams f or tra nsmit with external clock, receive with 
external clock, and IRQ generation are shown in Figures 20, 21 
and 22, respectively. The corresponding timing characteristics 
are listed in Table 3. 

Table 3. Transmit/Receive Characteristics 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


Transmit/Receive 
Clock Rate 


tcCY 


400* 


— 


400* 


— 


ns 


Transmit/Receive 
Clock High Time 


tcH 


175 


," — ■. 


175 


— 


ns 


Transmit/Receive 
Clock Low Time 


tcL 


175 


— 


175 


— 


ns 


XTLItoTxO 
Propagation Delay 


ho 


— 


500 


— 


500 


ns 


RTS Propagation 
Delay 


toLY 


— 


500 


— 


500 


ns 


IRQ Propagation 
Delay (Clear) 


t|RQ 


— 


500 


— 


500 


ns 


Load Capacitance 
DTR, RTS 
TxD 


A 


- 


130 
30 


- 


130 
30 


PF 
PF 


Notes: 

(tR, tp == 10 to 30 ns 

*The baud rate with 


) 

external cl 


OGk'\na ic RanH Qatn 


1 








16 X tccY 



XTLI 

(TRANSMIT 
CLOCK INPUT) 



XH" 



y 



'DD" 



-«rL — 



± 



NOTE: TxD rate is 1/16 TxC rate 



Figure 20. transmit Timing with External Clocl( 
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Figure 21. Receive External Clock Timing 
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Figure 22. interrupt and Output Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 



Parameter 


Symbol 


1 MHz 


2 MHz 




Min 


Max 


Min 


Max 


Unit 


Cycle Time 


tcYC 


1.0 


40 


0.5 


40 


iaS 


02 Pulse Width 


tc 


400 


— 


200 


— 


ns 


Address Set-Up Time 


tAC 


120 


— 


70 


— 


ns 


Address Hold Time 


tcAH 





— 





— 


ns 


R/W Set-Up Time 


twc 


120 


— 


70 


— 


ns 


R/W Hold Time 


tcWH 





— 





— 


ns 


Data Bus Set-Up Time 


tocw 


150 


— 


60 


— 


ns 


Data Bus Hold Time 


tww 


20 


— 


20 


— 


ns 


Read Access Time (Valid Data) 


tcDR 


— 


200 


— 


150 


ns 


Read Hold Time 


tHR 


20 


— 


20 


— 


ns 


Bus Active Time (Invalid Data) 


tcDA 


40 


-. 


40 


__ 


ns 


Notes: 1. Vqc = 5.0V ±5%. 

2. Ta = Tl to Th. 

3. tR and tp = 10 to 30 ns. 

4. D0-D7 load capacitance = 130 pF. 



/' 



CSo.CSi.RSq, RSi 



^. 



^. 



/ 



/ 



WRITETIMING DIAGRAM 



!!?V'H 



J 



READ TIMING CHARACTERISTICS 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Value 


Unit 


Supply \A3ltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc 


Vdc 


Output Voltage 


VouT 


-0.3 to Vcc 


Vdc 


Operating Temperature 


Ta 


to +70 


°c : 


Storage Temperature 


TsTG 


-55 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


0° to 70°C 
-40'>C to +85°C 



DC CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Vss = 0, Ta = TlIo Th. unless otherwise 



noted) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input High Voltage 
Except XTLI and XTLO 
XTLIandXTLO 


V.H 


2.0 
2.4 


- 


Vcc 
Vcc 


V 




Input Low Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


V,L 


Vss 
Vss 


- 


0.8 
0.4 


V 




Input Leakage Current 
n, R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR 


l|N 


— 


— 


2.5 


/xA 


V|N = 0V to 5.25V 
Vcc = OV 


Input Leakage Current for High Impedance (Three State Off) 
D0-D7 


Itsi 


— 


±2 


±10.0 


/xA 


V,N = 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage 

D0-D7, TxD, RxC, RTS, DTR 


VoH 


2.4 


— 


— 


V 


'load = -100 /aA 
Vcc = 4.75V 


Output Low Voltage 

D0-D7, TxD, RxC, RTS, DTR, IRQ 


Vol 


— . 


— 


0.4 


V 


Vcc = 4.75V 
Iload = 1-6mA 


Output High Current (Sourcing) 
D0-D7, TxD, RxC, RTS, DTR 


loH 


-100 


— 


— 


/.A 


Vqh = 2.4V 


Output Low Current (Sinking) 

D0-D7, TxD, RxC, RTS, DTR, IRQ 


loL 


1.6 


— 


— 


mA 


Vol = 0.4V 


Output Leakage Current (off state) 
IRQ 


'off 


— 


— 


10.0 


M 


VouT = 5V 


Clock Capacitance 


CcLK 


— 


— 


20 


pF 


Vcc = 5V 
V,N = OV 
f = 1 MHz 
Ta = 25°C 


Input Capacitance 
except 02 


C|N 


— 


— 


10 


PF 


Output Capacitance 


CoUT 


— 


— 


10 


pF 


Power Dissipation 


Pd 


- 


170 


300 


mW 


Ta = 25°C 
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PACKAGE DIMENSIONS 



28-PIN CERAMIC DIP 




28-PIN PLASTIC DIP 



^ PIN NO. 1 
I m^ I DENT. 



(.012) 

~{.ooe» 



110) \ 

.090)1 

(.1SS) (.066) 
(.12S) (.015) 



(1.470) 



(.550) 
(.530) 



1 



( .160 1 
(.140) 



1 *'l°'L <•«' 



L ':^^ J 

^___._.,_,__,.,,...._____.____^^ ^ ' (.590) * 1 



. , --Ik,, 

(.065) '■«>") (.090) Ci^yC020) 



(.015) 
(.008) 
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CONTROLLER (DDFDC) 



PRELIMINARY 



DESCRIPTION 

The R6565 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 6500/6800 micro- 
processor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensatlon circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD Interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 

The DDFDC interfaces directly to the 6500/6800 synchronous 
microprocessor bus and operates with 8-bit byte length data trans- 
ferred on the bus. The DDFDC will operate in either DMA or non- 
DMA mode. In DMA mode, the CPU need only load the command 
into the DDFDC and all data transfers occur under DMA control. 
The R6565 is directly compatible with the MC6844 Direct Memory 
Access Controller (DMAC). In non-DMA mode, the DDFDC gen- 
erates an interrupt to the CPU Indicating that a byte of data is 
available. 

Controller corhmands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 

The R6565 executes 15 separate multi-byte commands: 



Read Data 

Write Data 

Read Deleted Data 

Write Deleted Data 

Read a Track 

Read ID 

Seek 

Recalibrate (Restore to Track 0) 



Specify 

Format a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Sense Interrupt Status 

Sense Drive Status 



FEATURES 

• Address mark detection circuitry 

• Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

• IBM compatible in both single- and double-density recording 
formats 

• Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 

• Multi-sector and multi-track transfer capabilify 

• Controls up to four floppy disk drives 

• Data scan capability— will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 

• Data transfers in DMA or non-DMA mode 

• Parallel seek operations on up to four drives 

• Directly compatible with 6500 and 6800 synchronous 
microprocessor bus 

• Single phase 8 MHz Clock 

• Single + 5 Volt Power Supply 

ORDERING INFORMATION 



Part Number 

R6565 



CLK Frequency 

8 MHz 



Temperature Range 

CO to 70*'C 



' — Package: 

C = Ceramic 
P 3= Plastic 



Document No. 29651 N42 
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Figure 1. DDFDC Input and Output Signals 



PIN DESCRIPTION 

Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low-voltage 
state. (The active state of each logic pin is described below.) Active 
low signals are denoted by a superscript bar. 



IRQ—Interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the CPU. 

R/W— Read/Write. This input defines the data bus transfer as a 
read or write cycle. When high (read), the data transfer is from the 
DDFDC to the data bus. When low (write), the data transfer is from 
the data bus to the DDFDC. 



BUS INTERFACE 

D0-D7>-Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 

CLK— CLOCK. The clock is a TTL compatible 8 MHz square wave 
signal. 

RES— RESET. This active low input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drive (FDD) 
to the low state. 

CS— Chip Select. The DDFDC is selected when the CS input 
is low. 

RS— Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When RS - high, 
the Data Register is selected and the state of R/W determines 
determines whether it is a read (R/W = high) or a write (R/W = low) 
operation. When RS = low, the Status Register is selected. This 
register may only be read (R/W = high); the state R/W = low is 
invalid when the Status Register is selected. 



02— Enable. This input is the synchronous handshake line for the 
information transfer on the R6500 processor bus. This input signal 
is the standard enable signal commonly called 02 in R6500 
peripheral devices or Enable in 6800 peripheral devices. 

DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 



DACK— DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC ) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 

TXRQ— DMA Request. The transfer request signal is a TTL com- 
patible output generated by the DDFDC to request a data transfer 
operation under control of the DMAC (in the DMA mode). The 
request is active when TX RQ = h igh. The signal is reset inactive 
when DMA Acknowledge (DACK) is asserted (low). 



DONE— DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer for a chan nel is complete. The 
signal is active low concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. 
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FDD SERIAL DATA INTERFACE 

ROD— Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 

RDW— Read Data Window. Data Window input generated by the 
Phase Locked Loop (PLL) and used to sample data from the FDD. 

VCD— Variable Frequency Oscillator Sync, this output signal 
inhibits the VCO in the PLL circuit when low and enables the VCO 
in the PLL circuit when high. This inhibits RDD and RDW from 
being generated until valid data is detected from the FDD. 

WCK—Wrlte Ciocic. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 

WDA*~Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 

WE— Write Enable, this output signal enables the Write Data into 
the FDD when high. 

PS0-PS1 — Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 



Write Precompensatlon Status 


Preshift Outputs 


PSO 


PS1 


Normal 
Late 
Early 
Invalid 





1 
1 




1 



1 


= Low, 1 = High 



FDD STATUS INTERFACE 

RDY— Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 

IDX— Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 

RW/SEEK— Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 



RW/SEEK 


Mode 


Active FDD Interface Signals 


Low 


Read/VVrite 


WR FLT LCT, FR 


High 


Seek 


TS, TRKO, PIR, STP 



FLT/TRKO— Fault/TracI? Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK *= low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLTfTRKD high indicates that the read/write head is positioned over 
track zero. 

LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 

FR/STP— Fault Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FR/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 

HDL— Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 

HD— Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD = low. 



WP/TS— Write Protect/TWo Side. An active high multiplexed input 
signal from the FDD. In the Read/Write mode, WP/TS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicates the media is two-sided. 











RES CZ 


1 


40 


m VCC 


02 UZ 


2 


39 


ZH RW/SEEK 


Rw cr 


3 


38 


ZH LCT/DIR 


CS d 


4 


37 


Zn FR/STP 


RS LZ 


5 


36 


ZJ HDL 


DO nz 


6 


35 


ZD RDY 


D1 C= 


7 


34 


Z3 WP/TS 


D2 nz 


8 


33 


ZZ FLT/TRKO 


D3 en 


9 


32 


Z3 PSO 


D4 LZ 


10 


31 


ZD PS1 


D5 CZ 


11 


30 


ZZl WDA 


D6 d 


12 


29 


zz uso 


D7 nz 


13 


28 


ZZl US1 


TXRQ cn 


14 


27 


ZZ HDSEL 


DACK nz 


15 


26 


ZZl IWIFM 


DONE e: 


16 


25 


ZZ] WE 


iDx cn 


17 


24 


ZZl VCO 


IRQ CZ 


18 


23 


ZZ RDD 


CLK \ZZ 


19 


22 


ZZ RDW 


GND nz 


20 


21 


ZZ WCK 











R6565 DDFDC Pin Diagram 
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US0-US1— Unit Select. Output signals for floppy disk drive selec- 
tion as follows: 



Unit Select 


Floppy Disk 
Drive Select 


USO 


US1 





1 
1 




1 



1 



1 
2 
3 


= Low, 1 = High 



MFM— MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM = high and the 
FM mode when MFM s= low. 

VCC— Power +5Vdc. 
GND— Ground (V^s)- 



DDFDC REGISTERS 

The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-blt Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are readout of, or written 
into, the Data Register In order to initiate a command or to obtain 
the results of a command execution. 

The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1 , ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 
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Figure 2. DDFDC Block Diagram 
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The relationship between the status/data registers and the R/W 
and RS signals is shown below. 



RS 


Rm 


Function 





1 
1 


1 


1 



Read Main Status Register 

Illegal 

Read from Data Register 

Write into Data Register 


= Low, 1 =» High 





Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2. 



REGISTER DEFINITIONS 

Main Status Register. (MSR) 



7 


6 


5 


4 


3 


2 


1 





ROM 


DIO 


EXM 


CB 


D3B 


D2B 


DIB 


DOB 



The Main Status Register (MSB) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (ROM) bits in the IVISR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last R/W during command or result 
phases and the DIO and ROM getting set or reset is 12 /iS. For 
this reason, every time the MSR is read the processor should wait 
12 /AS. The maximum time from the end of the last read in the 
result phase to when bit 4 (DDFDC Busy) goes low is also 12 /is. 

The DIO and ROM timing chart is shown in Figure 3. 

IVISR 
7 RQM —Request for Master, 

Data Register is not ready. 

1 Data Register is ready. 

MSR 
6 DIO —Data Input/Output. 

Data transfer Is from system to the Data Register. 

1 Data transfer is from Data Register to the system. 

MSR 

5 EXM —Execution Mode. (Non-DMA mode only). 

Execution phase ended, result phase begun. 

1 Execution phase started. 

MSR 
4 CB —Controller (DDFDC) Busy. 

DDFDC is not busy, will accept a command. 

1 DDFDC is busy, will not accept a command. 



MSR 
3 D3B —Floppy Disk Drive (FDD) 3 Busy. 

FDD 3 is not busy, DDFDC will accept read 
comrnand. 

1 FDD 3 is busy, DDFDC will not accept read 
command. 

MSR 

2 D2B —FDD 2 Busy. 

FDD 2 is not busy, DDFDC will accept read 
command. 

1 FDD 2 is busy, DDFDC will not accept read 
command. 

MSR 
1 DIB —FDD 1 Busy. 

FDD 1 is not busy, DDFDC will accept read 
command. 

1 FDD 1 is busy, DDFDC will not accept read 
command. 

MSR 
DOB — FDD Busy. 

FDD is not busy, DDFDC will accept read 
command. 

1 FDD is busy, DDFDC will not accept read 
command. 

Status Register O(STO) 



or write 
or write 



or write 
or write 



or write 
or write 



or write 
or write 



7 


6 


5 


4 


3 


2 


1 





IP 


SE 


EC 


NR 


HD 


US 






US1 


USO 



The Status Register (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 

STO 

7 6 IC —Interrupt Code. 

Normal Termination (NT). Command was properly exe- 
cuted and completed. 

1 Abnormal Termination (AT). Command execution was 

started, but was not successfully completed. 

1 Invalid Command (IC). Received command was invalid. 
1 1 Abnormal Termination (AT). The Ready (RDY) signal 

from the FDD changed state during command 
execution. 

STO 
5 SE —Seek End. 

Seek command is not completed. 

1 Seek command completed by DDFDC. 



STO 
4 



1 



EC —Equipment Check. 

No error. 

Either a fault signal is received from the FDD or the track 

signal failed to occur after 256 step pulsus (Recalibrate 

Command). 
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Main Status Register (MSR) 

Status Register (STO) 

Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 



Table 1. DDFDC Status Register Bit Assignments 








Bit Nuinlier 


7 


6 


5 


4 


3 


2 


1 





ROM 


DIO 


EXM 


GB 


D3B 


D2B 


DIB 


DOB 


IC 


SE 


EC 


NR 


HD 


US 1 


US1 


USO 


EN 





DE 


OR 





ND 


NW 


MA 





CM 


DD 


WT 


SH 


SN 


Bt 


MD 


FLT 


WP 


RDY 


TRKO 


TS 


HD 


US1 


USO 



Table 2. Command Symbol Description 



Symbol 


Name 


Description 


D 


Data 


The data pattern which is going to be written Into a sector. 


D0-D7 


Data Bus 


8-bit data bus, where DO Is the least significant data line and D7 is the most significant data line. 


OIL 


Data Length 


When N is defined as 00, DTL Is the number of data bytes to read from or write Into the sector. 


EOT 


End of Track 


The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 


GPL 


Gap Lengtii 


The length of Gap 3, During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command It determines the size of 
Gap 3. 


H 


Head Address 


Head number or 1, as specified in ID field. 


HD (H) 


Head 


A selected head number or 1 which controls the polarity of pin 27. (H » HD in all command words). 


HLT 


Head Load Time 


The head load time In the FDD (2 to 254 ms In 2 ms increments). 


HUT 


Head Unload Time 


The head unload time after a read or write operation has occurred (16 to 240 ms In 16 ms Increments). 


MP 


FMorMFMMode 


When MF = 0, FM mode Is selected; and when MF » 1, MFM mode Is selected. 


MT 


Multi-Track 


When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1 . 


N 


Bytes/Sector 


The number of data bytes written in a sector. 


ND 


Non-DMA Mode 


When ND = 1, operation is in the Non-DMA mode; when ND » 0, operation is In the DMA mode. 


NTN 


New Track Number 


A new track number, which will be reached as a result of the Seek command. Desired head position. 


PTN 


Present Track Number 


The track number at the completion of Sense Interrupt Status command. Present head position. 


R 


Record (Sector) 


The sector number to be read or written: 


RS 


Register Select 


Controls selection of Main Status Register (RS = low) or Data Register (RS » high). 


R/W 


Read/VVrlte 


Either read (R) or write (W) signal. 


ST 


SectorsATrack 


The number of sectors per track. 


SK 


Skip 


Skip Deleted Data Address Mark. 


SRT 


Step Rate Time 


The stepping rate for the FDD (1 to 16 ms In 1 ms increments). Stepping rate applies to all drives 
(F = 1 ms, E = 2 ms, etc.) 


STO 
ST1 
ST2 
ST3 


Status 
Status 1 
Status 2 
Status 3 


Four registers which store the status Information after a command has been executed. This Information 
is available dyring the result phase after command execution. These registers should not be confused 
with the Main Status Register (selected by RS = low). ST0-ST3 may be read only after a command has 
been executed and contain information relevant to that particular command. 


STP 


Sector Test Process 


During a Scan command, if STP = 01, the data In contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP - 02, then alternate sectors are read and 
compared. 


T 


Track Number 


The current/selected track number of the medium (0-255). 


yso.usi 


Unit Select 


A selected drive number (0-3). 
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STO 
3 



1 



NR —Not Ready. 

FDD is ready. 

FDD is not ready at Issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 



STO 

2 HD —Head Address. (At Interrupt). 

Head Select 0. 

1 Head Select 1. 



STO 
1 



US —Unit Select. 

FDD selected. 
FDD 1 selected. 
FDD 2 selected. 
FDD 3 selected. 



(At Interrupt). 



ST1 
1 


1 



NW —Not Writable. 

No error. 

DDFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 



ST1 

MA —Missing Address Marie. 

No error. 

1 2 possible errors. 

1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 

2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. 



Status Register 1 (ST1) 




















7 


6 


5 


4 


3 


2 


1 







diaius negisier z ioi^; 




EN 





DE 


OR 





ND 


NW 


MA 




7 


6 


5 


4 


3 


2 


1 


























CM 


DD 


VVT 


SH 


SN 


BT 


MD 



7 EN — End of Tracic. 

No error. 

1 DDFDC attempted to access a sector beyond the last 
sector of a track. 



ST1 
6 



—Not Used. Always Zero. 



ST1 

5 DE —Data Error. 

No error. 

1 DDFDC detected a CRC error in ID field or the Data field. 

ST1 

4 OR —Over Run. 

No error. 

1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 



ST1 
3 

ST1 
2 


1 



-Not Used. Always Zero. 



ND —No Data. 

No error. 

3 possible errors. 

1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 

2. DDFDC cannot read ID field without an error during 
Read ID command. 

3. DDFDC cannot find starting sector during execution 
of Read a Track command. 



ST2 
7 

ST2 
6 



- 1 



—Not Used. Always Zero. 



CM —Control Mark. 

No error. 

DDFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 



ST2 

5 DO —Data Error in Data Field. 

No error. 

1 DDFDC detected a CRC error in the Data field. 



ST2 
4 



1 



WT —Wrong Track. 

No error. 

Contents of T on the disk is different from that stored in 

IDR. Bit is related to ND (Bit 2) of Status Register 1 . 



ST2 
3 SH —Scan Equal Hit. 

No "equal" condition during a scan command. 

1 "Equal" condition satisfied during a scan command. 

ST2 

2 SN —Scan Not Satisfied. 

No error. 

1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 
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ST2 
1 


1 



BT —Bad Track. 

No error. 

Contents of T on the disk is different from that stored in 
the IDR and T = FF. Bit is related to ND (Bit 2) of Status 
Register 1. 



ST2 
MD —Missing Address Marl( In Data Field. 

No error. 

1 DDFDC cannot find a Data Address l^ark or Deleted Data 
Address Mark during a data read from the disk. 

Status Register 3 (ST3) 



7 


6 


5 


4 


3 


2 


1 





FLT 


wp 


RDY 


TRKO 


TS 


HP 


US1 


uso 



Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 

ST3 

7 FLT —Fault. 

Fault (FLT) signal from the FDD is low. 

1 Fault (FLT) signal from the FDD is high. 

ST3 

6 WP —Write Protect. 

Write Protect (WP) signal from the FDD Is low. 

1 Write Protect (WP) signal from the FDD is high. 

ST3 

5 RDY —Ready. 

Ready (RDY) signal from the RDD is low. 

1 Ready (RbV) signal from the FDD is high. 

ST3 

4 TRKO — Track 0. 

Track (TRKO) signal from the FDD is low. 

1 Track (TRKO) signal is from the FDD is high. 

ST3 

3 TS —Two Side. 

Two Side (TS) signal from the FDD is low, 

1 Two Side (TS) signal from the FDD is high. 

ST3 

2 HD —Head Select. 

Head Select (HD) signal to the FDD is low. 

1 Head Select (HD) signal to the FDD is high. 

ST3 

1 US1 -^Unit Select 1. 

Unit Select 1 (US1) signal to the FDD is low. 

1 Unit Select 1 (US1 ) signal to the FDD is high. 

ST3 

USO —Unit Select 0. 

Unit Select (USO) signal to the FDD is low. 

1 Unit Select (US1) signal to the FDD is high. 



COMMAND SEQUENCE 

The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of .data from 
the system. After command execution, the result of the command 
may be a multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the system, each command consists of three phases: 

Command Phase— The DDFDC receives all information 
required to perform a particular operation from the system. 




Execution 

operation. 



Phase — The DDFDC performs the instructed 



Result Phase— After completion of the operation, status and 
other housekeeping information are made available to the system. 

The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command 
code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DDFDC, the execu- 
tion phase starts. Similarly, when the last byte of data is read out 
in the result phase, the command is ended and the DDFDC is 
ready to accept a new c ommand. A command can be terminated 
by asserting the DONE signal to the DDFDC. This ensures that 
the processor can always get the DDFDC's aftention even if the 
command in process hangs up in an abnormal manner. 

COMMAND DESCRIPTION 

READ DATA 

A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 

After completion of the read operation from the current sector, 
the DDFDC increments the Sector l^umber (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a "Multi-Sector Read Opera- 
tion." The Read command terminates after reading the last data 
byte from sector R when R = EOT. STO bits 7 and 6 are set to 
and 1 , respectively, and ST1 bit 7 (EN) is set to a 1 . 



The R ead Data command can also be temninated by a low DONE 
signal. DONE should be issued at the same time tha t the DACK 
for the last byte of data is sent. Upon receipt of DONE, the DDFDC 
stops outputting data to the data bus, but continues to read data 
from the current sector, checks CRC (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read Data 
command and sets bits 7 and 6 in STO to 0. The amount of data 



2-143 



R6565 



Double-Density Floppy Disk Controller (DDFDC) 



which can be handled with a single command to the DDFDC 
depends upon MT (Multi-Track), MF (MFM/FM), and N (Number 
of Bytes/Sector) values. Table 3 shows the transfer capacity. 

The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1 , side and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
one track (the same track) on each side of the disk. 

When N = in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length In a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When N Is non-zero (MFM mode), DTL has no meaning and 
should be set to FF. 

At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify cornmand has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
Is considerable when disk contents are copied from one drive to 
another. 

If the DDFDC detects the Index Hole twice In succession without 
finding the right sector (Indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register (STO) bits 7 and 6 to and 1 , respectively, and ter- 
minates the Read Data command. 

After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (Incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1 , sets the Data Error in Data Field (DD) flag in ST2 to a 1 If 
a CRC error occurs In the Data field, sets bits 7 and 6 in STO 
to and 1 , respectively, and terminates the command. 



If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK = 0), then the DDFDC reads all the data In 
the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field are not checked when 
SK = 1. 

During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 /*s in the FM 
mode, and within 13 /aS in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to and 1, respectively, and terminates the command. 

If the processor terminates a read (or write) operation in the 
DDFDC, then the ID Information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 



Command Phase 


'■ V ';' 
















R/W 


BYTE 


7 


6 


''5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 








1 


1 





2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Table 3. DDFDC Transfer Capacity 



Multl-Track 
(MT) 


MFM/FM 
(MF) 


Bytes/Sector 
(N) 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 


Final Sector Read 
from Disk 









00 
01 


(128) (26) = 3,328 
(256) (26) = 6,656 


26 at Side 
or 26 at Side 1 







00 
01 


(128) (52) = 6,656 
(256) (52) =13,312 


26 at Side 1 







01 
02 


(256) (15) = 3,840 
(512) (15) == 7,680 


15 at Side 
or 15 at Side 1 


-' ] 


'.,''o' ""'■,',■ 


01 
02 


(256) (30) =* 7,680 
(512) (30) = 15,360 


15 at Side 1 




■•0 


02 
03 


(512) (8) = 4,096 
(1024) (8) = §,192 


8 at Side 
or 8 at Side 1 




.,'0 


02 
03 


(512) (16) = 8,192 
(1024) (16) = 16,384 


8 at Side 1 
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Table 4. DDFDC Command Termination Values 






Command Phase ID 


Final Sector Transferred 
to/from Data Bus 


Result Phase ID 


Multi- 
Track 
(MT) 


Head 

Number 

(HD) 


Track 

Number 

(T) 


Head 

Number 

(H) 


Sector 

Number 

(R) 


No. of 

Data Bytes 

(N) 








Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


T + 1 


NC 


01 


NC 


1 ■ 


Less than EOT 


NC 


NC 


R + 1 


NC 


■ ' 1 ,/' 


Equal to EOT 


T + 1 


NC 


01 


NC 


1 


. , 


Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


T + 1 


LSB 


01 


NC 


Notes: 

1. NC (No Change): The same value as the one at the beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of H is complemented. 




Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



WRITE DATA 

A command set of nine bytes places the DDFDC in the Write Data 
mode. After the Write Data command has been received the 
DDFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the DDFDC transfers data from the data bus to 
the disk Data field. 

After writing data Into the current sector, the DDFDC increments 
the sector number (R) by one, and writes Into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to and 1 , respectively, and ST1 bit 
7 (EN) is set to a 1. 



The co mmand can also be terminated by a low on DONE. If 
DONE is sent to the DDFDC while writing into the current sector, 
then the remainder of the Data field is filled with 00 (zeros). In 
this case, STO bits 7 and 6 are set to and the command is 
terminated. 

The DDFDC reads the ID field of each sector and checks the CRC 
bytes. If the DDFDC detects a read error (incorrect CRC) in one 



of the ID fields, it terminates the Write Data command, sets the 
DE flag In STI to a 1 , and sets bits 7 and 6 in STO to and 1 , 
respectively. 

The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read pata command 
for the handling of the following items: 

• Transfer Capacity 

• End of Track (EN) flag 

• No Data (ND) flag 

• Head Unload Time (HUT) inten/al 

• ID information when the processor terminates command 
(see Table 4) 

• Definition of Data Length (DTL) when N = and when N ^t 

In the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 ^ts in the FM mode, aiiid within 13 /as 
in the MFM mode. If the time interval between data transfers is 
longer than this, then the DDFDC terminates the >A/rite Data com- 
mand, sets the Over Run (OR) flag in ST1 to a 1 , and sets bits 
7 and 6 in STO to and 1, respectively. 



Command Phase 


il 
















RPN 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 











1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4_\^, 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


'../; 7 ;' 


End of Track (EOT)! 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 
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Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (SX1> 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



WRITE DELETED DATA 

The Write Deleted Data command Is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 



Command Phase: 



Rm 


BYTE 


,7 


6 


5 


4 


3 


2 


1 





w 


• '■ 'i 


m 


MF 








1 








1 


2 


X 


X 


X 


X 


X 


HD 


US1 


usa 


3 


Track Number (T) 


■•■■„ 4 ■.:;■;:•; 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




■ ,: R' ' ■ 


1 ' 


Status Register (STO) 


2 


Status Register 1 (ST1) 


^ :^ 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector(N) 



READ DELETED DATA 

The Read Deleted Data command is the same as the Read Data 
command except that If SK = When th© DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data In the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command; If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 



Command Phase 


»: 
















RM 


BYTE 


7 


6 


5 


4 


3 


2 


;::t 





W 


■'■■ t- 


MT 


MF 


SK 





1 


1 








2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 



R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Nurriber (R) 


7 


Number of Data Bytes per Sector (N) 



READ A TRACK 

The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data* This command terminates when the num- 
ber of sectors read is equal to EOT. Multi-track operations are 
not allowed with this command. 

If the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, arid sets the ND flag in ST1 to a 1 if there is no match. 

If the DDFDC does nqt find an ID Address Mark on the disk after 
It encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag In ST1 to 
a 1, and sets bits 7 and 6 of STO to and 1, respectively. 
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Command Phase 


»: 
















fVW 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 





MF 


SK 











1 





2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


'■" ' ' 7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



READ ID 

The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to and ter- 
minates the command. 

If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are 
set to and 1, resp€>ctively and the command is terminated. 

During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


'^ 





W 


. 1 





MF 








1 





1 





2 


X 


X 


X 


X 


X 


fiD 


US1 


USO 



Result Phase: 



R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



FORMAT A TRACK 

The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density IBM System 34 format (MF = 1) or the single- 
density IBM 3740 format (MF =s 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectorsrrrack (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 

The ID field foi" each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA Request (TXRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the DDFDC asserts Interrupt 
Request (IRQ) output four times per sector. 

The processor must write one data byte In response to each 
request, sending (in the consecutive order) the Track Number (T), 
Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 

The processor must send new values for T. H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is fomiatted, thus, R 
contains the total numbers of septors formatted when it is read 
during the result phase. Thjs incrementing and formatting con- 
tinues for the whole track until the DDFDC, up^n encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 In STO to 0. 

If the Fault (FLT) signal is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag In STO 
to a 1 , sets bits 7 and 6 of STO to and 1 , respectivelyi and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to and 1, respectively. 

Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 



Command Phase: 




WW 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 





MF 








1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Number of Bytes per Sector (N) 


4 


Sectors per Tracl< (ST) 


Q 


Gap Length (GPL) 


e 


Data Pattern (D) 
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Table 5. Standard Floppy Disk Sector Size Relationship 



Disk 
Size 


IMode 


Sector Size 
Bytes/Sector 


No. of Data 

Bytes/Sector 

(N) 


No. of 

Sectors/Tracks 

(ST) 


Gap Lengtii (GPL)4 


Remarks 


Read/Write 
Command^ 


Format 
Command^ 


8" 


FM 


128 

256 

512 

1024 

2048 

4096 


00 
01 
02 
03 
04 
05 


1A 
OF 
08 
04 
02 
01 


07 
OE 
IB 
47 
C8 
C8 


IB 
2A 
3A 
8A 
FF- 
FF 


IBM Disk 1 
IBM Disk 2 


MFM3 


256 
512 
1024 
2048 
4096 
8192 


01 
02 
03 
04 
05 
06 


1A 
OF 
08 
04 
02 
01 


OE 
IB 
35 
99 
C8 
C8 


36 
54 
74 
FF 
FF 
FF 


IBM Disk 2D 
IBM Disk 2D 


5V4" 


FM 


128 
128 
256 
512 
1024 
2048 


00 
00 
01 
02 
03 
04 


12 
10 
08 
04 
02 
01 


07 
10 
18 
46 
C8 
C8 


09 
19 
30 
87 
FF 
FF 




MFM3 


256 
256 
512 
1024 
2048 
4096 


01 
01 
02 
03 
04 
05 


12 
10 
08 
04 
02 
01 


OA 
20 
2A 
80 
C8 
C8 


dc 

32 
50 
FO 
FF 
FF 


, 


Notes: 

1. Suggested values of GPL in Read or Write Commands to avoid overlapping between Data field and ID field of contiguous sections. 

2. Suggested values of GPL In Format a Track command. 

3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 

4. Values of ST and GPL are in hexadecimal. 



Result Phase: 



R 


1 


Status Register (STO) 


2 


status Register 1(ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T)* 


5 


Head Number (H)* 


6 


Sector Number (R)* 


7 


Number of Data Bytes per Sector (N)* 


* The ID information has no meaning In this command. 



SCAN COMMANDS 

The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of Dpoo = 
Dbus. DpDD ^ Dbus. or Dpoo s Dbus P = the data pattern in 
hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. After 
a whole sector of data is compared, if the conditions are not met, 



the sector number is Incremented (R + STP -* R), and the scan 
operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, o r high o r equal), the last sector on the track 
is reached (EOT), or DONE is received. 



If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1 , and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (S N) flag i n ST2 to a 1 , and terminates 
the command. The receipt of DONE from the processor or DMA 
controller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 

If SK = and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1 , the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 
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Table 6. Scan Status Codes 



Command 


Status Register 2 


Confiments 


Bit 2 = SN 


Bits = SH 


Scan Equal 



1 


1 



Dfdd = Dbus 
Dfdd * Dbus 


Scan Low or Equal 




1 


1 




ill 

II V A 

IIJ 


Scan High or Equal 




1 


1 





Dfdd = Dbus 
Dfdd > Dbus 
Dfdd < Dbus 



When either the STP sectors are read (contiguous sectors = 01 , 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 
tor on the track must be read. For example, if STP = 02, MT 
= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21 . Sectors 21 , 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole Is encountered before the EOT value of 26 can be read. 
This results in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 

During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1 , data must be available 
from the data bus in less than 27 ^ (FM mode) or 13 /iS (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to and 1 , respectively. 

The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 



SCAN EQUAL 
Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 











1 


2 


X 


X 


X 


X 


X 


HD 


US1 


use 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


status Register (STO) 


2 


status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



SCAN LOW OR EQUAL 



Command Phase: 



RM 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 


1 








1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


status Registerl(STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 



Command Phase: 
















RM 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 


1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



SEEK 

The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which Is the current head position with the New 
Track Number (NTN), and If there is a difference, performs the 
following operation: 

If PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FDD 
to cause the read/write head to step in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 

The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
is issued, NTN is compared against PTN. When NTN = PTN, 
then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 
in STO are set to 0, and the command is terminated. At this point 
DDFDC asserts IRQ. 

The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
toa1. 

After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 



During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to to indicate DDFDC 
non-busy. While the DDFDC Is in the nori-busy state, another 
Seek command may be Issued, and In this manner parallel seek 
operations may be performed on all drives at once. 

No command other than Seek will be accepted while the DDFDC 
Is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 

If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag In STO to a 1, sets STO 
bits 7 and 6 to and 1 , respectively, and terminates the command. 

If the time to write the three bytes of the Seek command exceeds 
150 fjis, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. 

Command Phase: 



RM 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 














1 


1 


1 


1 


2 


X 


X 


X 


X 


X 





USI 


uso 


3 


New Track Number (NTN) 



Result Phase: None. 



RECALIBRATE 

This two-byte command retracts the FDD read/write head to the 
Track position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track signal from the 
FDD. As long as the Track signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 
STO to Is, sets bits 7 and 6 of STO to and 1 , respectively, and 
terminates the command. 

The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 



Command Phase 


': 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 

















1 


1 


1 


2 


X 


X 


X 


X 


X 





US1 


USO 



Result Phase: None. 
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SENSE INTERRUPT STATUS 

Interrupt Request (IRQ) is asserted by the DDFDC when any of 
the following conditions occur: 

1. Upon entering the result phase of: 

a. Read Data command 

b. Read a Track command 

c. Read ID command 

d. Read Deleted Data command 

e. Write Data command 

f. Format a Track command 

g. Write Deleted Data command 
h. Scan commands 

2. Ready (RDY) line from the FDD changes state 

3. Seek or Recalibrate command termination 

4. During execution phase in the Non-DMA mode 

IRQ caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1 . Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the ai d of 
the Sense Interrupt Status command. This command resets IRQ 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 

Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terrriinate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 



Issuing a Sense interrupt Status command without an interrupt 
pending is treated as an invalid command. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 














1 












Result Phase: 



R 


1 


Status Register (STO) 


2 


Present Track Number (PTN) 



SPECIFY 

The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
grammable from 16 to 240 ms in increments of 16 ms (1 = 16 ms, 
2 = 32 ms, . . . F = 240 ms). 

The Step Rate Time (SRT) defines the time Interval between adja- 
cent step pulses. This timer is programmable from 1 to 16 ms in 
increments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, . . .0 = 16 ms. 

The Head Ijoad Time (HLT) defines the time between the Head 
Ljoad (HDL) signal going high and the start of the read/write oper- 
ation. This timer is programmable from 2 to 254 ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms, . . .7F = 254 ms). 

The time intervals are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock Is 
reduced to 4 MHz (mini-floppy application) then ail time intervals 
are Increased by a factor of two. 

The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = the DMA mode is selected. 

Command Phase: 




WW 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 




















1 


1 


2 


SRT 


HUT 


3 


HLT 


ND 



SRT — Step Rate Time 
HUT— Head Unload Time 
HLT — Head Load Time 
ND — Non DMA mode 

Result Phase: None. 



Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 



Status Register (STO) Bits 




Interrupt Code (IC) 


Seek End (SE) 


Cause 


7 


6 


5 


1 


1 





RDY line changed state, either polarity 








1 


Normal termination of Seek or Recalibrate command 





1 


1 


Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS 

This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (ST3) is returned in the result phase and con- 
tains the drive status. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 

















1 








2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


Result Phase: 


R 


1 


Status Register 3 {ST3) 



INVALID COMMAND 

If an invalid command (I.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and ROM) in the MSR are both set to a 1 indicating 
to the processor that the DDFDC Is in the result phase and that 
STO must be read. A hex 80 in STO indicates that an invalid com- 
mand was received. 

A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 

In some applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a standby or no opera- 
tion state. 

Command Phase: 



RM 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


Invalid Codes 


Result Phase: 


R 


1 


Status Register (STO) = 80 



PROCESSOR INTERFACE 

During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 /iS before reading the MSR. Bits 6 
and 7 in the MSR must be a and 1 , respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution ohase. 



During the result phase all bytes shown In the result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase. All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 

INTERRUPT REQUEST MODE 

During the execution phase, the MSR need not be r ead. The 
receipt of each data byte from the FDD is indicated by I RQ lo w 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during t he ex ecution phase. When the DDFDC is i n the 
DMA mode, the IRQ is asserted at the result phase. The IRQ 
signal is reset by a read (R/W high) or write (R/W low) of data 
to the DDFDC. A further explanation of the IRQ signal is described 
in the Sense Interrupt Status command on page 16. If the system 
cannot handle interrupts fast enough (within 13 /is for MFM mode 
or 27 ^s for FM mode), it should poll bit 7 (RQM) in the MSR. 
I n thi s case, RQM in the MSR functions as an Interrupt Request 
(IRQ). If the RQM bit is not set, the Over Run (OR) flag in ST1 
will be set to a 1 and bits 7 and 6 of STO will be set to a and 
1, respectively. 

DMA MODE 

When the DDFDC is in the DMA mode (ND = in the third com- 
mand byte of the Specify command), TXRQ (D MA R equest) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 

During a read command, the DDFDC asserts TXRQ as each byte 
of data is availab le to b e read. The DMA controller responds to 
this request wit h DAC K low (DMA Acknowledge) and R/W high 
(read). When DACK goes low the DMA Request is reset 
(TXRQ low). After the execution ph ase has been completed 
(DONE low or the EOT sector is read), IRQ is asserted to indicate 
the start of the result phase. When the first byte of data is read 
during the result phase, IRQ is reset high. 

During a write command, the DDFDC asserts TXRQ as each byte 
of da ta is re quired. The DMA controller respondsjo this request 
with DACK low (DMA Acknowledge) and R/W low (write). 
When DACK goes low the DMA Request is rese t (TXRQ low). 
After the execution phase has been completed (DONE low or 
the EOT sector is written), IRQ is asserted. This signals the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, the IRQ is reset high. 

FDD POLLING 

After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts IRQ. When Status Register (STO) is read (after Sense 
Interrupt Status command is issued). Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 1 .024 ms 
except during read/write commands. 



2-152 



R6565 



Double-Density Floppy Disk Controller (DDFDC) 



NOTES 



DATA IN/OUT 
(DIO) 
(MSR BIT 6) 

REQUEST 
FOR MASTER 
(ROM) 
(MSR BIT 7) 

ENABLE (02) 

READ/ _ 
WRITE (R/W) 



FROM DDFDC TO DATA BUS 



FROM DATA BUS TO DDFDC 



I 



\~U IS 

I I READY I 1 I 

I 1 UL 



V-^r^ 



I I 



I A IB I 



D B A 



[a] data REGISTER READY TO BE WRITTEN INTO [c] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 

[b] data register not ready to BE WRITTEN INTO [d] DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 




Figure 3. DDFDC and System Data Transfer Timing 
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Figure 4. R6S6S DDFDC Interface to R6500 
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Figure 5. Clock Timing 
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Figure 6. Read Cycle Timing 
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Figure 7. Write Cycle Timing 
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Figure 8. DMA Operation Timing 



WRITE CLOCK 
(WCK). 




Figure 9. FDD Write Operation Timing 



READ DATA 
(ROD) 



Jri 



jf\ 



-H-»(33) 



|H®--* 



READ DATA WINDOW 
(RDW) 



y. 



-^-{^y^ 



(30) 



NOTE: 

EITHER POLARITY DATA WINDOW IS VALID 



Figure 10. FDD Read Operation Timing 
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USO, US1 
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STABLE 



K 



K35 



SEEK 

(RW/SEEK) 



DIRECTION 
(LCryOIR) 



STEP 
(FR/STP) 
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H-w 



39* 
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Figure 11. Seek Operation Timing 





Figure 12. Fault Reset Timing 



Figure 13. index Timing 
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Figure 14. DONE Timing 



Figure 15. RESET Timing 



INPUT/OUT 
2.4V 



TEST POINT 



0.45V Ao-8V 0-8V A 



CLOCK 



3.0V' 



TEST POINT 



\/2.4Vy 2.4V W 
A 0.65V 0.65V /\ 



INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC "1" AND 0.3V FOR A 
A LOGIC "OV TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC "O:* TjMING MEASUREMENTS ARE MADE AT 2.4V FOR A 

A LOGIC "1" AND 0.8V FOR A LOGIC "01' LOGIC "1" AND 0.65V FOR A LOGIC "O!' 



Figure 16. AC Timing IMeasurement Conditions 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, T^ 



O^C to 70«C) 



Ref. 

Fig. 


No. 


Characteristic 


SymtM)! 


Alt. Sym. 


Min. 


Typ. 


Max. 


Unit 


Test 
Conditions 


5 


1 


Clock Period 


tcY 


0CY 


120 


125 


500 


ns 


CLK ^ 8 MHz 


2 


Clock High, Low Width 


tCA 


00 


80 


125 


— 


ns 


3 


Clock Rise Time 


tcLCH 


0r 


— 


--. 


— 


ns 


Cl - 100 pF 


4 


Clock Fall Time 


tcHCL 


0f 


— 


— 


— 


ns 


6 
& 

7 


5 


02 Clock Cycle Time 


tcCY 


t2CY 


500 


— 


— 


ns 


6 


02 Clock Ljow 


tcL 


t2CL 


210 


— 


— 


ns 


7 


02 Clock High 


tcH 


t2CH 


220 


— 


— 


ns 


8 


Address Setup Time 


t>lWCH 


tAS 


70 


— 


— 


ns 


9 


Address Hold Time 


tcLAX 


tAH 


10 


— 


— , 


ns 


10 


Data Access Time 


tAVDV 


tACC 


— 


— 


250 


ns 




11 


Data Setup Time 


toVCL 


tos 


60 


— 


— 


ns 


12 


12 


Data Hold 


tAXDX 


toH 


10 


— 


_- 


ns 


8 


13 


TXRQ Setup to 02 High 


t-rvcH 


tlBH 


120 


— 


— 


ns 


CLK = 8 MHz 


14 


TXRQ Setup to 02 Low 


tlVCL 


tm 


210 


— 


— 


ns 


15 


TXRQ Hold from 02 High 


tcHTX 


tTHH 


10 


— 


— 


ns 


16 


TXRQ Hold from 02 Low 


tCLTX 


tjHL 


10 


— 


— 


ns 


17 


DACK Delay Time 


tCLAL 


tAD 


— 


— 


150 


ns 


18 


DACK Hold Time 


tcLAH 


tAH 


30 


— 


_. 


MS 


19 


DONE Delay Time 


tcLDL 


too 


— 


— 


210 


/*s 


9 


21 


WCK Cycle Time 


tKCy 


tcY 


— 


note1 


«_ , 


fiS 




22 


WCK High Width 


tKHKL 


to 


80 


250 


350 


ns 


23 


WCK Rise Time 


tKLKH 


tf 


— . 


— 


20 


ns 


24 


WCK Fall Time 


tKHKL 


tf 


— 


— 


20 


ns 


25 


WCK High to PSO. PS1 Valid (Delay) 


tKHPV 


tcP 


20 


— 


100 


ns 


26 


PSO. PS1 Valid to WDA High (Delay) 


tpVDH 


too 


20 


— 


100 


ns 


27 


WDA High Width 


toHDL 


twDD 


twcH-50 


— 


— 


ns 


28 


WE High to WCK High or WE Low to WCK Low 


tEHKH 


twE 


20 


. — . 


100 


ns 


10 


30 


RDW Cycle Time 


twCY 


twCY 


— 


note 2 


— 


MS 


31 


RDW Valid to RDD High (Setup) 


twVRH 


tyvRD 


15 


-_ 


— 


ns 


32 


RDD Low to RDW Invalid (Hold) 


tRliA/l 


tRDW 


15 


— 


— 


ns 


33 


RDD High Width 


tRHRL 


tRDD 


40 


— 


— 


ns 


11 


35 


use, US1 Valid to SEEK High (Setup) 


tuVSH 


tlJS 


12 


— 


— 


fiS 


CLK = 8 MHz 


36 


SEEK Low to USO. USi Invalid (Hold) 


tSLUI 


tsu 


15 


,*- 


— 


MS 


37 


SEEK High to DIR Valid (Setup) 


tsHDV 


tsD 


7 


— 


— 


MS 


38 


DIR Invalid to SEEK Low (Hold) 


toXSL 


tos 


30 


— 


— 


MS 


39 


DIR Valid to STP High (Setup) 


toVTH 


tosr 


1 


— 


— 


MS 


40 


STP Low to DIR Invalid (Hold) 


tjLDX 


tsro 


24 


_ 


-_ 


MS 


41 


STP Low to USO, USI Invalid (Hold) 


tjLUX 


tsTU 


5 


— 


— 


MS 


42 


STP High Width 


ITHTL 


tsTP 


6 


7 


— 


MS 


43 


STP Cycle Time 


tTCY 


tsc 


333 


— 


note 3 


MS 


12 


44 


FR High Width 


tpHFL 


tpR 


8 


— 


10 


MS 


13 


45 


IDX High Width 


t,H,L 


t,DX 


10 


— 


— 


tcy 




14 


46 


DONE Low Width 


txHTL 


tTC 


1 


— 


— 


tCY 


15 


47 


RES Low Width 


tRHRL 


tRsr 


14 


— ..,, 


■':— 


tcY 


Not 


es: 




1. 


MFM 


Mini 


£»andard 


2. For MFM = 0: Typ. -2/tS 
For MFM .= 1: Typ. = 1 /iS 

3. tsc = 33 ns min. is for different drive units. In the case of the same unit, 
tsc can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 
to 32 ms with 4 MHz clock, under software control. 





4^s 


2^s 


1 


2mS 


.'^-;-T/fi' : 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


Output Voltage 


VoUT 


-0.3 to +7.0 


V 


Operating Temperature Range 


T;, 


Oto +70 


c* 


Storage Temperature Range 


TSTG 


-55 to +150 


c° 



*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress tating only and functional operation of the device at 
these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 
reliability. 




OPERATING CONDITIONS 



Parameter 


Range 


Vcc Power Supply 


5.0V ±50/0 


Operating Temperature 


0*'Cto70*C 



DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = 0°C to 70°C, unless otherwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input Low Voltage 
Logic 
CLKandWCK 


V,L 


-0.5 
-0.5 


0.8 
0.65 


V 




Input High Voltage 
Logic 
CLK and WOK 


V,H 


2.0 
2.4 


Vcc + 0.5 
Vcc + 0.5 


V 


Output Low Vbltage 


Vol 




0.45 


V 


Vcc = 4.75V. loL = 2.0 mA 


Output High Voltage 


VOH 


2.4 


Vcc 


V 


Vcc = 4.75V, loH = -200 /.A 


Vcc Supply Current 


Ice 




150 


mA 


Vcc = 4.75V 


Input Load Current 
All Inputs 


IlL 




10 


,JK 


V,N = Vcc 


-10 


tA 


V,N = OV 


High Level Output Leakage Current 


Iloh 




10 


lA 


Vcc - OV to 5.25V. Vss = OV 
Vqut = Vcc 


Low Level Output Leakage Current 


iLX)L 




-10 


fA 


Vcc * OV to 5.25V, Vss = OV 
VouT - +0.45V 


Internal Power Dissipation 


Pint 


- 


1.0 


W 


Ta = 25oC 



CAPACITANCE 

(T^ = ZS'C; fc = 1 MHz; Vcc = OV) 





Symbol 


iMax Limit 


Unit 


Clock Input 


C|N(0) 


20 


PF 


Input 


Cm 


10 


PF 


Output 


COUT 


20 


pF 


Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



40 


-.; ■ ,""■ 




2^ 


1 




X ■ 








L 


B 


1^ 






20 








A — 











i^ 



Hjy^ 




1 1 1 i i 1 1 1 1 1 1 1 1 1 1 



SEATING PLANE -V I | K' 



s 



40-PIN PLASTIC DIP 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


-0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


QO 


10» 


QO 


10° 


N 


0.51 


1.52 


0.020 


0.060 



u ij »j v.! V i v i «j o u g c u c a; \j ij \j v v ' O 



fmmmmwm^^ 



Up JU 



e 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


a 


13.72 


14.22 


0.540 


0.560 


c 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.S4BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3,56 


0.120 


0.140 


L 


15.24 BSG 


0.600 BSC 


M 


7° 


10* 


7» 


10« 


N 


0.51 


1.02 


0.020 


0.040 
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INTRODUCTION 

The Rockwell R6592 is a single-chip printer controller for 
eight different EPSON* dot-nnatrix impact printers, models 
210, 220, 240, 51 1L, 512, 522, 541 L, and 542. The R6592 
offers the flexibility to support any of these models with a 
minimum of circuitry. Generation of 96 standard ASCII 
upper and lower case characters and 6 special characters 
is provided. In addition, up to 10 ASCII control commands 
are accepted, depending upon the printer. Logic is included 
in the R6592 to print up to 26 columns on the 210, 220, 
and 240 models, and up to 40 columns on the 51 1L, 512, 
522, 541 Land 542 models. 

Input data may be selected to be in the RS-232 serial for- 
mat with selectable baud rate from 50 to 7200 bits/second 
or the parallel format. External circuitry is required to con- 
vert RS-232 logic levels to R6592 interface logic levels. An 
external latch may be required for the R6592 to sample 
parallel data. If both selectable serial and parallel data inter- 
face capability is desired, two external multiplexers are 
required; one to combine four serial baud select lines and 
four parallel data interface lines into four R6592 input lines 
and the other to combine two serial data/control lines and 
two parallel control lines into two other R6592 input lines. 

•EPSON is a trade name of Shinshu Seikl Co., Ltd., a 
member of the Seiko Group. EPSON printers are distributed 
In the United States by C. Itoh Electronics, Inc. The R6592 
meets the printer specifications listed in this data sheet. 



FEATURES 

• Controls EPSON Dot-Matrix Impact Printers: 

Model 210 Model 512 

Model 220 Model 522 

Model 240 Model 541 L 

Model 51 1L f^odel542 

• Minimal Support Circuitry Required 

• On-Chip 5x7 Dot-Matrix Character Generation 

• 96 Standard Upper and Lower Case ASCII Characters 
(7 Bit Code) 



• Six Special ASCII Characters (7 Bit Code) 

• Up to 10 ASCII Commands Accepted (Printer Dependent) 

• Selectable Serial or Parallel Input Data Operation 

• Centronics Standard Parallel Interface 

— Seven Data Lines Plus Data Strobe and Input Drive 
Input 

— Busy and Acknowledge Output 

• RS-232C Serial Interface 

— Baud Rate from 50 to 7200 Bits per Second 
— - Received Data and Data Set Ready Input 

— Data Terminal Ready Output 

• Single +5V± 10% power supply 

• 40 pin plastic or ceramic DIP 

• 1 MHz operation (2 MHz external crystal) 












VRR iZI 


1 


40 


ZD VCC( + 5Vdc) 


PCL3 nz 


2 


39 


p RES 


PCL2 nz 


3 


38 


ZU PTRTIM 


PCL1 ilZ 


4 


37 


□ DS/RSD 


NC UZ 


5 


36 


ZD SERSEL 


PM1 CZ 


6 


35 


ZD PRT 


SER DET d 


7 


34 


5 PM2 


ACK CZ 


8 


33 


ZD PM3 


BUSY/DTR nZ 


9 


32 


ZD RR 


XTLI CZ 


10 


31 


Z] RL/RL 


XTLO CZ 


11 


30 


Z3 VCC 


vss nz 


12 


29 


Z3 DL1 


MDS d 


13 


28 


ZJ DL2 


PS7 nz 


14 


27 


jZZ DL3 


PS6 cz 


15 


26 


P DL4.' 


PS5 cz 


16 


25 


tZ DL5 


PS4 cz 


17 


24 


p DL6 


PS3 d 


18 


23 


p.DL7 


PS2 CZ 


19 


22 


ZZ INP/DSR 


PS1 iz: 


20 


21 


Z3 SERCLK 











R6592 Pin Configuration 
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SERIAL 
INTERFACE 
(RS 232) 



=o 



SERIAL 

irtffeBFACE 

LOGIC 



ic^=r 



PARALLEL 
INTERFACE 
(CENTRONICS) 






PARALLEL 
INTERFACE 
LOGIC 



to 



2 MHZ 
CRYSTAL 



=0 



SERIAL/ 

PARALLEL 

SELECT 



RESET 
SWITCH 



POWER 
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INPUT 



COMMAND 
PROCESSING 
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INPUT 



NON-PRINT 
COMMAND 
CONTROL 



=3=> 



CHARACTER 
PREBUFFER 



PRINTER 

MOTOR 

CONTROL 



CHARACTER 
DECODE 



PRINT HEAD 

SOLENOID 

CONTROL 



CHARACTER 
PROCESSING 



LINE DATA 
BUFFER 
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DRIVERS 
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R6592 Interface Diagram 



INTERFACE SIGNALS 



PRINTER 
PRINTER 
PRINTER 
PRINTER 
PRINTER 
PRINTER 



SOLENOID 1 (PS1) 
SOLENOID 2 (PS2) 
SOLENOID 3 (PS3) 
SOLENOID 4 (PS4) 
SOLENOID 5 (PS5) 
SOLENOID 6 (PS6) 



Active low output control lines used to issue various non- 
print commands to the printer. These lines are inputs to 
+ 24V drivers. When low, these lines cause magnets to be 
energized in the printer; when high, the magnets are to be 
de-energized. These lines are assigned to specific signals 
depending upon printer model: 



Active low output signals used to command seven constant 
current print head solenoid drivers. When low, the respec- 
tive solenoid will be energized to print a dot; and when 
high, the solenoid will be de-energized to not print a dot. 
Each solenoid line corres pond s to a ciot position on the 
seven row print head. Line PS 1 corresponds to the top dot 
and PS7 corresponds to the bottom dot. The output lines 
are activated by the positive edge of the timing signal 
(TIM). The TIM signal should also be used to gate PSi 
through PS7 to the current drivers and to de-energize the 
current driver Inputs within 600±20 |xsec of the start of the 
TIM signal by means Of a one-shot flip-flop. 

PRINTER CONTROL LINE 1 ( PCLI ) 
PRINTER CONTROL LINE 2 (PCL2) 
PRINTER CONTROL LINE 3 (PCL3) 







R6592 Signal Name 


Printer 






Model 


PCL1 


PCL2 


PCL3 


210 


NA 


Paper Feed 


Change Color 


220 


Paper Feed (R) 


Paper Feed (L) 




240 


NA 


Paper Feed 


Slip Release 


51 1 L 


NA 


Paper Feed 


NA 


512 


NA 


Paper Feed 


NA 


522 


Paper Feed (R) 


Paper Feed (L) 


Stamp and Cut Paper 


541 L 


NA 


Paper Feed 


Paper Release 


542 


NA 


Paper Feed 


Paper Release 


NA = Not Assigned 



TIMING (TIM) _ 
RESET LEFT (RL/RL) 
RESET RIGHT (RR) 
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Input signals used to indicate print cycle Timing. The R6592 
initiates a print cycle on the leading edge (positive transi- 
tion) of the TIM signal information to the R6592. The_RESET 
signals are active low for the 500 series (RR and RL) and 
are active high for the 200 series (RL). The printer timing 
and reset lines are assigned as follows: 







R6592 Signal 




Printer 
Model 








TIM 


RL/RL 


RR 


210 


T Detector 


R Detector (RL) 


NA 


220 


T Detector 


R Detector (RL) 


NA 


240 


T Detector 


R Detector (RL) 


NA 


511L 


Timing Signal 


Reset Signal R-L 
(RL) 


NA 


512 


Timing Signal 


Reset Signal R-L 


Reset Signal R-R 






(RL) 


(RR) 


522 


Timing Signal 


Reset Signal R-L 


Reset Signal R-R 






(RL) 


(RR) 


541 L 


Timing Signal 


Reset Signal R-L 
(RL) 


NA 


542 


Timing Signal 


Reset Signal R-L 


Reset Signal R-R 






(RL) 


(RR) 



See Detail Timing Diagrams in Printer Specifications. 

MOTOR DRIVE SIGNAL (MDS) 

Active low output signal used to control application of power 
from a driver circuit to the printer motor. When high, the 
motor drive is turned off and when low, the motor drive is 
turned on. The driver circuit for the 500 series must supply 
10 to 30 ma at TTL levels. The driver circuit for the 200 
series must additionally provide motor braking. 

PRINTER MODEL 1 (PMI ) 
PRINTER MODEL 2 (PM2) 
PRINTER MODEL 3 (PM3) 

Encoded input lines used to determine which printer model 
is connected to the R6592. A connection to GND (low) 
causes "0" to be read. An open input (high) causes logic 
"1" to be read. The encoding for the printer model is: 



Printer 
Model 


Printer Model Line 


PM3 


PM2 


PMI 


210 

220 

240 

511L 

512 

522 

541 L 

542 







1 
1 
1 
1 





1 
1 




1 

1 




1 



1 



1 



1 



PRINT (PRT) 

Active low input line used to command R6592 to print a 
line. When low (GND) print commands will continue to be 
issued. If the print buffer is partially filled, a line will be 
printed. Line feeds will subsequently be issued while PRT is 
low. When high (open), print commands will not be issued. 



SERIAL SELECT (SER SEL) 

Active high input line used to indicate the desired data trans- 
mission mode to the R6592. When high (open), input data 
will be received and processed from the serial interface 
(RS-232C). When low (GND), input data will be received and 
processed from the parallel interface (Centronics). 

If both transmission modes are to be implemented (but not 
simultaneously), the SER SEL line should be used to select 
either serial or parallel signals through multiplexer circuits. If 
either serial or parallel data transmission is exclusively 
used, multiplexing of the Indicated serial/parallel signals is 
not required. 

DATA LINE 1/BAUD RATE 1 (DL1/BR1) 
DATA LINE 2/BAUD RATE 2 (DL2/BR2) 
DATA LINE 3/BAUD RATE 3 (DL3/BR3) 
DATA LINE 4/BAUD RATE 4 (bL4/BR4) 

Active high input signals used as parallel data lines if paral- 
lel data transfer mode is selected, or used as baud rate 
select lines if serial data transfer mode Is selected. 

If parallel data transfer mode is selected (SER SEL = low) 
these lines represent four of the seven total data lines (see 
below). DL1/BR1 represents the least significant bit when 
ASCII characters are decoded. If serial data transfer mode 
is selected (SER SEL = high), the data transfer baud rate 
in bits per second is: 




Baud 


Data Line/Baud Rate Line 


DL4/BR4 


DL3/BR3 


DL2/BR2 


DL1/BR1 


50 

75 

110 

135 

150 

300 

6Q0 

1200 

1800 

2400 

3600 

4800 

7200* 

















1 
1 
1 

1 






1 





1 
1 




1 
1 




1 
1 





1 


1 



1 
p 
^ 



1 



1 




Note: 1 = High (open), = Low (GND). 
*Data cannot be sent to the R6592 while the print head is 
moving. 



DATA LINE 5 (DL3) 
DATA LINE 6 (DL4) 
DATA LINE 7 (DL5) 

Active high input signals used as data lines when parallel 
data transfer mode Is selected (SER SEL = low). DL7 rep- 
resents the most significant bit (MSB) when ASCII charac- 
ters are decoded. Not used when serial data transfer mode 
Is selected (SER SEL = high). 
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INPUT PRIME (IP)/DATA SET READY (DSR) 

Input line m ultiplexed betw een a parallel communications 
control lirie (INPUT PRIME) and a serial communications 
control line (DATA SET READY). 

If the parallel data transfer mo de is selected (S ER SEL = 
low), this line is assigned to INPUT PRIME (IP). When 
IP/DSR is high, the R6592 issues prints commands to the 
printer in a normal fashion. When -IP/DSR is low, the R6592 
will disable printing. This line can, therefore, be used as a 
print disable line to selected printers in a multiprinter sys- 
tem. 

If the serial data transfer mode is selected (SER SEL = 
high), the line is assigned to DATA SET READY (DSR). 
When high, DSR indicates that the transmitter is operative 
and the R6592 will accept data. When low, DSR indicates 
that the transmitter is not ready to operate and the R6592 
will not accept serial data. 



receive data. When l ow, D TR indicates that the R6592 is 
ready to receive data. DTR is switched high during character 
print and while non-print commands are being processed. 



ACKNOWLEDGE (ACK) 

Active low output signal used to inform the parallel dat a tran s- 
mitter that an input character has been received. ACK is 
switched low for 5 jxsec to indicate receipt of a character. 



SERIAL CLOCK (SER CLK) 

A bi-directional line used to detect the start of the received 
serial data and to then clock in the serial data bits. When 
DET ENA is low, this line monitors the input serial data 
stream for the start bit. When the leading (falling) edge of 
the start bit is detected, the DET ENA is switched high and 
this line Is switched to an output. Output pulses are gener- 
ated on this line to clock the received serial data into the 
R6592 at the selected baud rate. 



DATA STROBE (DS)/RECEIVED SERIAL DATA (RSD) 

Input line multiplexed betw een a parallel communications 
control li ne (DATA STROBE) and t he serial communications 
data line (RECEIVED SERIAL DATA). 

If the parallel data transfer mode is selected (SER SEL = 
low), tjTis line is assigned to the DATA STROBE (DS). 
When DS goes low, the R6592 detects the negative transi- 
tion, and samples the data on the parallel data lines. The 
data mus t be present on the data lines for at least 50 (xsec 
after DS goes low. 

If the serial data transfer mod e is selected (SER SEL = 
high) , the line is assigned to RECEIVED SERIAL DATA 
(RSD). The data is processed in accordance with the selected 
baud rate. The data must by converted from RS-232 logic 
levels to R6592 logic levels. The R6596 logic state is inverted 
from RS-232 logic state. 



BUSY DATA TERMINAL READY (BUSY/DTR) 

Output line multiplexed between a parallel communication 
control line (BUSY) and a serial communication control line 
(DATA TERMINAL READY). 

If the parallel data transfer mode is selected (SER SEL = 
low), this line is assigned to BUSY. When high, BUSY indi- 
cates that the R6592 cannot receive data. When low, BUSY 
indicates that the R6592 is ready to receive data. BUSY is 
switched high during character print and while non-print 
commands are being processed. 

If the serial data transfer mod e is selected (SER SEL = 
high), this line is a ssign ed to DATA TERMINAL READY 
(DTR). When high, DTR indicates that the R6592 cannot 



SERIAL DETECT ENABLE (DET ENA) 

Active high output used to enable the received serial data 
onto the SER CLK line. Upon detection of the received 
serial start bit, this line is switched low to disable the 
received serial data from being placed on the SER CLK 
line. 



PRIMARY POWER (VCC) 

R6592 primary power supply: +5V±10%. Supplies power 
to CPU, I/O, timer and supporting circuitry. 

RAM POWER (VRR) 

R6592 RAM power supply: +5V±10%. Supplies power to 
the internal R6592 RAM. This line should be connected to 
VCC power supply. 

SIGNAL GROUND (VSS) 

R6592 power and signal ground. 

XTLI 

Input from 2 MHz crystal. 

XTLO 

Output to 2 MHz crystal. 

RESET (RES) 

Active low signal used to reset and initialize the R6592. 
Must be held low for at least 8 ixSec after VCC reaches 
operating voltage and the clock frequency on XTLO has 
stabilized. 
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Standard 96 Character 5x7 Matrix Dot Patterns 



21 

oaaoD 
aaaao 
aaaoo 
aaaoD 
aooao 
aaooa 



29 

oaoaa 
oaaaa 



aaaao 
aoaoa 
oaaao 

31 

aaaao 
oaaoo 
aoaoo 
aaaao 
oaaoo 
ooaoo 
aaiaa 



S8SS8 

aoooa 



aaooa 
aoooa 
aoooa 

49 

oaaao 
ooaoo 



ooaaa 
oaaoo 
ooaoo 
oaaao 

51 

oaaao 



oaaaa 

59 

aodoa 
aoaoa 
aoooa 
oaaao 



ooaoo 
oaaoo 
aoaoa 
aoaoo 



71 

oaaoo 



ssggg 

aooao 
aooao 
oaaao 
oaaao 
aaaoo 



22 

oaoao 
oaaao 
oaoao 
ooaoo 
aooao 
oaoao 

OOOOD 

2A 

ooaoo 
ooaoo 



32 

oaaao 
aaooa 
oaoaa 
oaoao 
oaaoo 
aoaoo 
aaaaa 

3A 

aoooa 
ooooo 
ooaoo 
aoaoo 
ooooo 
ooooo 
aoaoo 



42 

:sss! 



aaaao 

4A 
ooaaa 
oaaao 
oaoao 
oaoao 

OOOBO 



oaaoo 

52 

aaaao 
aaooa 
aoooa 
aaaao 
aoaoo 
aooao 
aaooa 

5A 

aaaaa 



oaoao 
ooaoo 
oaooD 
aooog 

aaaaa 

62 

aaaao 
aooao 
aaaao 
aaooa 
aoooa 
aoooa 
oaiaa 

6A 

ooaoo 
oooao 
ooaoo 
oaaoo 
ooaoo 
aoaoo 
oaaoo 



aaooa 

aoaoo 
aoaoo 
aoaoo 



23 

oaoao 
oaoao 



33 

aaaao 
oaoaa 
oaoao 
ooaoo 
aooao 
ooooa 
aaaao 

3B 

ooooa 
aoooa 
oaaoo 
ooooo 
oaooo 
oaooo 
■ooao 

43 

oaaao 
BOooa 
aooao 
aoooa 

BOOOO 

aaooa 
oaaao 

4B 

aoooa 
aooao 
aoaoo 
aaooa 
aoaoo 
aooao 
aoooa 

53 

oaaaa 
aoooo 
apooD 
aaaao 
ooaaa 
ooooa 



aaaoo 
aoooo 
aoooo 
aoooo 
aoooa 
aoooo 



63 

SSBSg 

oaaao 
aoooo 
aoooo 
aoooo 
oaaao 



aoooa 
aoooo 
aooao 
aoaoo 
aaooa 
aoaoo 
aooao 

73 

ooaoo 
ooaoo 



aoooo 
oaaoo 
oooao 
aaaao 

7B 

oooao 
ooaoo 



24 

OOBOO 



34 
oooao 
ooaao 
oaoao 
aooao 



3C 

ooaaa 
ooaoo 
oaooo 
aoooo 
oaooo 

DOBOO 

oooaa 
44 

BBBOO 
BOOBO 
BOOOB 

aoooa 
aoooa 
aooBo 

BBBOO 

4C 

aoooo 
aoooa 
aoooo 
aoooo 
aoooo 
aoaoo 

BBBBB 

54 

BBBBB 

sgzss 

oaaoo 
ooaoo 
ooBoa 
ooaoo 

5C 

aoooo 
aaooa 

OBOOD 

oaaoo 
oooao 
ooooa 

OOOOB 

64 

oaooB 



OBBOa 

Boaaa 
aoooa 
aagoB 

OBBBB 

6C 

ooBoa 

OBBOa 

ooBoa 
ooaoo 
ooBao 
ooaoo 

aOBBO 

74 

oaooo 
aaaao 

OBOOO 

oaooo 
oaooo 

OBOOB 

ooaao 

7C 
oOBoa 
ooaoo 
oaaao 

OOQOO 

ooaoo 

OOBOO 

aoaoa 



25 

aaaaa 
BBoaa 
oooao 



oaaao 


oaS^S 


oo^S^ 


R5!^SR 


aoaoa 


oaoao 


oaoao 


S58Sg 


:gg:8 


2B 


2C 


2D 


ooooo 


OOOOO 

oooo 


oooao 


OOBOO 


oooao 




oooa 


oaoao 






aaaaa 


POBOO 




oooao 


OOBOO 




oooao 


aoooo 


oooo 


oooao 



5D 

ooaaa 
oooaa 
aoooa 
ooooa 
ooaoB 
oogoB 
oaaaa 

65 

oaooD 
oaooo 



6D 

ooooa 
ooooo 
aaoaa 

BOBOB 

aaaaa 

BO BOB 

Baaoa 

75 

ooooa 
ooooo 
Booaa 
Boaao 
aooao 
Bogao 
oaaaa 

7D 

oaaoo 
ooaoo 
ooaao 
ooaao 
ooaao 
ooaoo 
oaaoo 



26 


27 


gssgg 


aoaaa 




OBOBO 


oaooo 


oaaoo 


ooooo 


aoaoa 




aooao 




aaaaa 


ooooo 


2E 


2F 


OOOOO 




ooooo 


aoooa 


ooooo 


oooao 


ooooo 




oaooo 




oooao 


aoooo 


BOOOO 


aoooa 




37 



aoaoo 
aaaoo 
oaooo 
oaaoo 

3F 

aaaaa 

BOOOB 

ooaoB 
ooaao 
ooaoo 
ooaao 
ooaoo 

47 

aaaaa 
aaooB 

BOOOO 
BOOBB 

aoooa 

BOOOB 



4F 

oaaaa 

BOOOB 

aoaoa 
aoaoa 
aoooa 
aoaoa 
oaaao 

57 



BOBOB 

aoaoa 

aaoaa 
aoaoa 

5F 

ooooo 
oaoao 
oooao 
oooao 
oaooo 
ooooo 

67 

ooooo 
oaooo 
oaaao 
Booaa 
oaaaa 
oooaB 

OBBBD 

6F 

oooao 
oooao 
aaaao 
Booaa 
aoooa 



77 

aoooa 
oooao 

BOOOB 

BoaoB 
aaaaa 



Special 6 Cliaracter 5x7 Matrix Dot Patterns 



5A 

aoaoa 
oaoao 
ooaoo 

DBBBO 

oaaoo 
aaaao 
ooaoo 
YEN 



oadoo 
oaaoo 
oaaoo 
aaaao 
oaooo 
oaoao 
. oaaaa 

POUND 



5C 


5D 


aoaoQ 


OOOOO 


aoaoo 


ooaoo 


Boaaa 


oaaao 


aoaoa 


aoaoo 




aoaoo 




gsisg 


ooaaa 


ONEHALF 


CENT 



5E 

oaoao 
oaaao 
oaoao 

aaaaa 
ooaoo 
ooaoo 
ooaoo 

NO TAX 



5F 

oaaao 
ooaoo 

BOBOa 

oaoao 
oaaao 
oaaao 
aoaoa 

TAX 
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R6592 Internal Data Format for 7-Bit ASCII Table 
Character Look-Up 



X 


6 
DL7 


5 
DL6 


4 
DL5 


3 
DL4 


2 
DL3 


1 
DL2 



DLl 




X 


8 
MSB 


7 


6 


■■•;5v' 


4 


3 


2 

LSB 







X 


X 


X 


X 


X 


X 


X 





MSD 



LSD 



Received Parallel Data 
Bit Assignments 



Fleceived Serial Data 
Bit Assignments 



Data Value 



For ASCII Table Look-up 



ASCII 7-Blt Code Character Set Table 



MSD 
LSD 



000 


1 
001 


2 
010 


3 
Oil 


4 
TOO 


1^1 


6 
110 


7 
111 



1 
2 
3 
4 
5 


0000 
0001 
0010 
0011 
0100 
0101 




DC1 
DC2 
DCS 
DC4 


SP 
! 

# 
$ 
% 




1 

2 
3 
4 
5 


@ 
A 
B 
C 

.•■■^:-D 


P 
Q 
R 
S 




a 
b 
c 
d 
e 


P 

q 

r 
s 

t 
u 


6 
7 
8 
9 
A 


0110 
0111 
1000 
1001 
1010 


LF 


CAN 
¥ 


& 

) 


6 
7 
8 
9 


G 
M 

J 


V 

w 

X 
Y 
Z 


f 

g 

h 

i 

i 


V 

w 

X 

y 

z 


B 
C 
D 

E 
F 


1011 
1100 
1101 

1110 

1111 


VT 
FF 
CR 


t 

(E 
N 

■ T 
X 


+ 

/ 


< 

> 

7 


K 
L 
M 

N 



[ 
\ 
] 

f 


k 

m 
n 




{ 

1 
} 

DEL 


LF - Line Feed CAN - Cancel 
VT - Vertical Tabulation ¥ -Yen 
FF — Form Feed t — Pound 
CR — Carriage Return (p —Cent 
DC1 — Device Control 1 I2 —One-Half 
DC2 — Device Control 2 ^ h\nT 
DCS - Device Control 3 T ino lax 
DC4 — Device Control 4 X 4 ja^ 

Note: Valid control commands are dependent upon printer model. 
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PARALLEL DATA INTERFACE BUSY 

BUSY RET 


11 
29 

31 
30 

1 
19 

10 
28 

2 
20 

3 
21 

4 
22 

5 
23 

6 

24 

7 
25 

8 
26 

9 
27 


BUSY/DTH 


9 
22 

37 

8 

R6S92 
29 

28 

27 

26 

25 

24 

23 


- IP/DSR 


INPUT PRIME 
INPUT PRIME RET 


^ ^ . 


DATA STROBE 
DATA STROBE RET 


^ ^^ 


ACKNOWLEDGE 
ACKNOWLEDGE RET 

DATA 1 
DATA 1 RET 

DATA 2 
DATA 2 RET 

*NOT REQUIRED IF PARALLEL DATA qATA 3 
IS HELD FOR 2:50 /iS AFTER LEADING p^jA 3 RET 
EDGE OF DS OR UNTIL ACK IS RECEIVED. 

DATA 4 
DATA 4 RET 

DATA 5 
DATA 5 RET 

DATA 6 
DATA 6 RET 

DATA 7 
DATA 7 RET 

DATA 8 
DATA 8 RET 

CENTRONICS PARALLEL INTERFACE 


"i- 












LATCH* 


DL1/BR1 




z 


"ir 


DL2/BR2 


-^ 


DL3/BR3 


% 


DL4/BR4 


■X 


DL5 


•s 


DL6 


% 


DL7 






i 

-^ 








R6592 INTERFACE 



PARALLEL DATA TIMING 



INPUT PRIME (IP) 



-i^ 






-is i^ if— 



DATA STROBE (DS) 



1 mS . 
(MIN) 



U 



PARALLEL DATA (DL1-DL7) 



-i'r 



1^ 



SO fiS (MIN)* 
— — ff-^ 



ACKNOWLEDGE (ACK) 



BUSY 



-ii- 



-(F 



'OR UNTIL ACK IS RECEIVED. 



-f^ 



-ff fh 



-li ih 



SfiS 
(TYP)' 



rX. 



-ii f( — -Tf- 



UJ 



-JJ- 
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SERIAL DATA INTERFACE 



DET ENA 






OPEN 
pOLLECTOR 



RECEIVED SERIAL 
DATA (RSD) 



DATA SET READY (DSR) 



DATA TERMINAL READY (DTR) 



-O 



20 



SERCLK 



^ 



CLK 
D Q 



7474 



DS/RSD 



IP/DSR 



RS-232 INTERFACE 



+ 12V 
-12V 



BUSY/DTR 



21 



37 



R6592 



22 



V- 

R6592 INTERFACE 



SERIAL DATA TIMING 

DATA SET READY (DSR) 



^ — ^ ^ — JH^f-fi^ 



SERIAL DETECT ENABLE (DET ENA) 



-<f— <>— Jf- 



L 



s^«<^,^^, - ijijiiiriJirLruinr' 

7 BIT CODE DATA SAMPLES: I | | \ j \ \ 



i—ii—ii 



RECEIVED SERIAL DATA (RSD) 



RECEIVED SERIAL DATA (RSD) 



DATA TERMINAL READY (DTR) 



DATA TERMINAL READY (DTR) 



-4H^i—i} 



START BIT 



^ 



8 
MSB 



7 BIT CODE - 



RECEIVED DATA BITS - 



-^f-<f-<f 



ij 



-*• PARITY BIT AND " 

2 OR MORE STOP BITS 



-^J Mf- 



-^h r<^ 



i,r 
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PRINTER INTERFACE SPECIFICATIONS 

The R6592 is designed to meet the interface requirements 
stated in the following printer specification: 

Modei-210 Impact Dot Matrix Mini-Printer (Preliminary) 
Rev. 4, AUGUST 30, 1978 

Model-220 Impact Dot Matrix Mini-Printer, 
SEPTEMBER 18. 1978 

Model-240 Impact Dot Matrix Mini-Printer, 
SEPTEMBER 18, 1978 

Model-5l1L Impact Dot Matrix Printer (Enlarged Character) 
Revision 1 JULY 13, 1978 

Model 512 Dot-Matrix Impact Printer (P512DF), 
APRIL 10. 1978 

Model 522 Dot-Matrix Impact Printer (P522DF), 
MARCH 1, 1978 



For further printer information, contact: 

EPSON America, Inc. 
23844 Hawthorne Blvd. Ltd. 
Torrance, CA 90505 
Phone:(213)378-2220 
TWX: 910-344-7390 

G. Itoh Electronics, Inc. 
5301 Beethoven Street 
Los Angeles, Calif. 90066 
Phone:(213)390-7778 
Telex: WU 65-2451 

C. Itoh Electronics, Inc. 

280 Park Avenue 

New York, New York, 1 001 7 

Phone:(212)682-0420 

Telex: WUD-1 2-5059 




Model 541L impact Dot Matrix Printer (Enlarged Character), 
Revision 1, July 19. 1978 



Model 542 Dot-Matrix Impact Printer (P542DF), 
MARCH 1, 1978 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0-3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0-3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


to +70 
-40 to +85 


'^C 


Storage Temperature 


TsTG 


-56 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This Is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



STATIC DC CHARACTERISTICS 

(Vcc = 5.0V ±10o/o) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Power Dissipation (Outputs High) 


Pd 


— 


500 


'■'—,■'■""■'■ 


mW 


Input High Voltage (Normal Operating Levels) 


v,„ 


+ 2.0 




Vcc 


Vdc 


Input Low Voltage (Normal Operating Levels) 


V,L 


-0.3 


■■'■ '^ 


+ 0.8 


Vdc 


Input Threshold Voltage 


V,T 


0.8 




2.0 


Vdc 


Input Leakage Current 
Vin = to 5.0 Vdc 
RES 


l|N 


- '"" 


i1.0 


±t.5 ;::; 


jiAdc 


Input High Voltage (XTLI) 


V,HXT 


+ 4.0 


■ ■■■ — • ■ ,'■ 


Vcc 


Vdc 


Input Low Voltage (XTLI) 


V,LXT 


-0.3 


— ■ . 


+ 0.8 


Vdc 


Input Low Current 
(V,L =« 0.4 Vdc) 


l|L 





-1.0 


-1.6 


mAdc 


Output High Voltage 
(Vcc = min, lioad = -lOO/tAdc) 


VoH 


2.4 


_ 





Vdc 


Output Low Voltage 
(Vcc = min. 'load = 1.6mAdc) 


Vol 








-0.4 


Vdc 


Output High Current (Sourcing) 
(VoH - 2.4 Vdc) 


Iqh 


-100 




_ 


tiAdc 


Output Low Current (Sinking) 
(Vol = 0.4 Vdc) 


Iql 


1.6 








mAdc 


Input Capacitance 
(Vin - 0, Ta = 25°C, f = 1.0 MHz) 
Pins 2-9, 13-29 and 31-38 
XTLI, XTLO 


Cin 


- 


- 


10 
50 


pF 


Output Capacitance 

(Vin - 0,T^ = 25°C. f = 1.0 MHz) 


CqUT 






10 


PF 


Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 



DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 




0.155 MAX 
' (3.93 MM) 



0.140MAX 
~ (4.82 MM) 



HM/^ W f -4^-S- "■ 



(1.6S) 0.06S •YP -•. 
(1.01) 0.040 ''^■^l 



(0.55) 0.022 



TYP. 




,310 MAX 
,87 MM) 



n 



r 

,100 MIN 



(2.54 MM) 

0.010 MIN 
(0.25 MM) 



19 EQUAL SPACES 
0.100 (g. TOL NONCUM. 
(2.54 MM) 

NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN SYMBOLIZATION IS IN NORMAL ORIENTATION. 
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R65560 

MULTI-PROTOCOL COMMUNICATIONS 

CONTROLLER (MPCC) 



PRELIMINARY 



DESCRIPTION 



The R65560 Multi-Protocol Communications Controller (MPCC) 
interfaces a single serial communications channel to a 6500/ 
6800 microcomputer-based system using either asynchronous 
or synchronous protocol. High speed bit rate, automatic format- 
ting, low overhead programming, eight character buffering, and 
two channel DMA interface optimize MPCC performance to take 
full advantage of the 6500/6800 processing capabilities. 

In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 

Control, status and data are transferred between the MPCC and 
the microcomputer bus via 19 directly addressable registers and 
a DMA interface. Two first-ln first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more CPU/ 
MPU processing time to service data received or to be 
transmitted and to maximize biis throughput, especially during 
DMA operation. The two-channel Direct Memory Access (DMA) 
interface operates with the MC6844 DMA Controller. 

An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 



ORDERING INFORMATION 



Part Number Frequency 


Temperature Range 


R65560__ 4 MHz 

L Package: C = Ceramic 
P « Plastic 


0°C to 70°C 





FEATURES 

Full duplex synchronous/asynchronous receiver and transmitter 

Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 

Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28, ISO IS1745, ECMA-16, 
etc. 

Supports synchronous bit-oriented protocols (BOP), such as 
SDLC, HDLC. X.25, etc. 

Asynchronous and Isochronous modes 

Modem handshake interface 

High speed serial data rate (DC to 4 MHz) 

Internal oscillator and Baud Rate Generator (BRG) with pro- 
grammable data rate 

Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

Direct interface to 6500/6800 microprocessor bus 

Eight-character receiver and transmitter buffer registers 

1 9 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 

Maskable interrupt conditions for receiver, transmitter and 
serial interface 

Programmable microprocessor bus data transfer: polled, 
interrupt and two-channel DMA transfer compatible with 
MC6844 

Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

Selectable full/half duplex, autoecho and local loop-back 
modes 

Selectable parity (enable, odd, even) and CRC (control field 
enable, dRC-1 6, CCITT V.41 „ VRC/LRC) 



Document No. 29651 N50 
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8 BYTE 
TxFlFO 



A0-A4 CI 



'C 



~7T 



R/W . 
02- 



TDSR -. 

RDSR - 

PACK - 

PTS - 



17^ 



>Z_ 



n 



t> 



CONTROL 
CHARACTER 
DETECTION/ 
INSERTION 
<^ 



CflC/PARITY 
GENERATOR 



BOP 
ZERO 
INSERT 



H 



NRZi 

' »-Hencooe 



7T 



RxD 
(ECHO MODE) 



TO Rx LOGIC 
(TEST MODE) 



INTERNAL TKCONTPgL BUS 



MICROPROCESSOR ' 

BUS 

INTERFACE, 



H 



Tx CONTROL 



^ 



CONTROL 

REGISTERS 

AND 

STATUS 

REGISTERS 



c 
c 



DTR 
fiTS 
CTS 
PCD 
OSR 



RxFIFO READ 



DMA 
INTERFACE 



i TO Tx LOGIC 



Tx CLOCK 
SELECT 
(TCLKO) 



BAUD RATE GENERATOR 



ih ~Ej 



^H COUNTER 
(BRPR1, BRDR2) 



PRESCALE 
(PREPIV) 



Rx CLOCK 
SELECT 
(RCLKIN) 



^1. ^16, -^32. +64 
(CLKDIV) 



EXTAL 
■ XTAL 



^ 



H 



-rr 



, t tv>. 



8.BYTE 
RxFIFO 



irii 



INTERNAL Rx CONTROL BUS 



FRAME 
STATUS 
LOGIC 



PARITY 
CHECKER 



TV 






TV — ?V TV 



CRC 
GENERATOR 



t! 



i 



n 



CONTROL 
CHARACTER 
DETECTK)N 



a 



TxD 
(TEST MODE) 



To Tx LOGIC 
^ (ECHO MODE) 



NRZI 
DECODE 



zr 




Figure 1. MPCC Block Diagram 
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PIN DESCRIPTION 

Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. Rf\N 
indicates a write is active low and a read active hjgh. 

AO - A4— Address Lines. AO - A4 are active high inputs used 
in conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 

DO ^ D7— Data Lines. The bidirectional data lines transfer data 
between the MPCC and the CPU, memory or other peripheral 
device. The data bus is tri-stated when CS is inactive. (See 
exceptions in DMA mode.) 

CS— Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. 

R/W-^Read/Write. R/W controls the direction of data flow 
through the bidirectiohai data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 

02— Phase 2. During a writQ (R/W low), the 02 negative transition 
latches data on data bus lines DO - D7 into the MPCC. During 
a read (R/W), 02 high enables data from the MPCC to data bus 

IRQ— Interrupt Request. Th e ac tive low IRQ output requests 
Interrupt service by the CPU. IRQ is driven high after assertion 
prior to being tri-stated. 



RDSR— Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 



DACK— DMA Acicnowledge. The DACK low input indicates that 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 

DTS— DMA Transfer Strobe. The DTS low input causes a DMA 
transfer to occur on the next 02 cycle^_When R/W is high, data Is 
transferred into the TxFIFO; when R/W is low, data is transferred 
frpm the RxFIFO. 



TDSR— Transmitter Data Service Request. When Transmitter 
DMA mode is active, the low TDSR output requests DMA service. 



DONE— Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count i s exhausted and there Is no more data to be transferred. 
DONE will also be asserted by the MPCC, if enabled by bit 5 in 
the RCR, when the status byte folloiwng the last charact er of 
a frame (block) is being transferred in response to a RDSR. T he 
DONE signal asserted by the DMAC in response to a TDSR will 
be stored to track with the data byte through the TxFIFO. 

RES— Reset. RES is an active l ow, h igh impedance input that 
initializes all MPCC functions. RES must be asserted for at 
least 500 ns to initialize the MPCC. 

DTR-^Data Terminal R^ady. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICR) 

RTS— Request to Send. The RTS active low output is general 

CTS— Clear to Send. The CTS active low input positive transl- 
ition and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 



DATA 

BUS 

ADDRESS 

BUS 

BUS 
INTERFACE 



DMA 
CONTROL 



INTERRUPT 
CONTROL 



y! 


D0-D7 


' •' V. 


R65560 
MPCC 




RTS 




V 


A1-A4 
02 


-^ 


^ 




CTS 




1 




DTR 








DSR 


^ 




CS 




DCD 




FVW 






TxD 






RES 




^ 






TxC 






TDSR 




^ 






RxD 








RxC 




^ 


RDSR 










EXTAL 






DACK 








DONE 






XTAL 




* 


DTS 






BCLK 






IRQ 




^. M 


* 










- -cc 











MODEM 
INTERFACE 



TRANSMITTER 
INTERFACE 



RECEIVER 
INTERFACE 



CLOCK 
INTERFACE 



Figure 2. MPCC Input and Output Signals 
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DSR— Data Set Ready. The DSR active low input negative 
transition and level are rep orted in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 

DCD—Data Carrier Detect. The DCD active low input positive 
transition and leyel are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 

TxD—Transmittecl Data. The MPCC transmits serial data on 
the TxD output. The TxD output changes on the negative going 
edge of TxC. 

RxD-- Received Data. The MPCC receives serial data on the 
RxD input. The RxD input is shifted into the receiver with the 
negative going edge of RxC. 

IkC-'-TVansmitter Cioclc. TxC can be programmed to be an input 
or an output. When TxC is selected to be an input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock is generated by the MPCC's internal baud 
rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD 
output. 

RxC— Receiver Clock. RxC provides the MPCC receiver with 
received data timing information. The clock transition from 
low-to-high nominally indicates the center of each serial data 
bit on the RxD input. 



EXTAL— Crystai/External Clock Input. 

XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz 

external crystal to the MPCC Internal oscillator. The pin EXTAL 

may also be used as a TTL level input to supply a DC to 8 MHz 

reference timing from an external clock source. XTAL must be 

tied to ground when applying an external clock to the EXTAL 

input. 

BCLK— Buffered Clock. BCLK is the internal oscillator buffered 
output available to other MPCC devices eliminating the need 
for additional crygtais. 

Vcc— Power. 5V ±5%. 
GND-— Ground. Ground (Vss)- 

MPCC REGISTERS 

Nineteen 8-bit registers define, control and monitor the data com- 
munications process. These registers and their access are listed 
jn Table 1 . 

Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results in a read 
from a "null register." A null register returns all ones for data 
and results in a normal bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise nbted. 




AO d 


1 ^ 40 


Z3 NOT USED 


NOT USED nZ 


2 


39 


=1 02 


RxD CZ 


3 


38 


I DTS 


DTR nz 


4 
5 


37 
36 


ZD CS 


DSR m 


ZJ DACK 


DCD CZ 


6 


35 


ID GND 


RDSR CZ 


7 


34 


ZH DO 


A1 d 


8 


33 


ZD D1 


GND d 


9 


32 


ZJ D2 


A4 d 


10 


31 


dl D3 


A2 d 


11 


30 


di D4 


A3 d 


12 


29 


d D5 


RxC d 


13 


28 


Z3 D6 


TxC d 


14 


27 


d D7 


BCLK d 


15 


26 


ZH RES 


EXTAL d 


16 


25 


dl GTS 


XTAL d 


17 


24 


^Vcc 


RM d 


18 


23 


ZJ DONE 


IRQ d 


19 


22 


ZD TxD 


RTS d 


20 


21 


Z3 TDSR 



*Mu8t be connected to Vqc- 



R65560 



Pin Configuration 
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Tabid. 


R65560 Accessible Registers 








Register(s) 


R/W 


Addr 
(Hex.) 


A4 


Address Lines 
A3 A2 A1 


AG 



7 
















Receiver Status Register (RSR) 


R/W 


00 

















Receiver Control Register (RCR) 


R/W 


01 














1 


Receiver Data Flegister (RDR)1 


R 


02 











1 





Receiver Interrupt Enable Register (RIER) 


R/W 


05 








1 





1 



Transmitter statue Register (TSR) 


R/W 


08 





1 











Transmitter Control Register (TCR) 


R/W 


09 





1 








,:,. 1 


Transmitter Data Register (TDR)2 


W 


OA 





1 





1 





Transmitter Interrupt Enable Register (TIER) 


R/W 


OD 





1 


1 





1 



Serial Interface Status Register (SISR) 


R/W 


10 


1 


Serial Interface Control Register (SICR) 


R/W 


11 


1 1 


Serial Interrupt Enable Register (SIER) 


R/W 


15 


1 1 1 




Protocol Select Register 1 (PSR1) 


R/W 


18 


1 1 


Protocol Select Register 2 (PSR2) 


R/W 


19 


1 1 1 


Address Register 1 (ARI) 


R/W 


1A 


1 1 1 


Address Register 2 {AR2) 


R/W 


IB 


1 1 1 1 


Baud Rate Divider Register 1 (BRDR1) 


R/W 


ic 


11 1 


Baud Rate Divider Register 2 (BRDR2) 


R/W 


ID 


1 1 10 1 


Clock Control Register (CCR) 


R/W 


IE 


11110 


Error Control Register (ECR) 


R/W 


IF 


11111 



Notes: 

1 . Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 

2. Accessible register of the eight byte TxFIFO. The data is not Initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 

3. Reserved registers may contain random bit values. 
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Table 2. 


MPCC Register Bit Assignments 




R/W 
Access 


Bit Number 


Reset** 
Value 


7 


6 


5 


4 


3 


2 


1 





R/W 


RDA 


EOF 





C/PERR 


FRERR 


ROVRN 


RA/B 


RIDLE 


00 


R/W 





RDSREN 


DONEEN 


RSYNEN 


STRSYN 


2ADCMP 


RABTEN 


RRES 


01 


R 


RECEIVED DATA (RxFIFO) 


-- 


R/W 


RDA 
IE 


EOF 
IE 





C/PERR 
IE 


FRERR 
IE 


ROVRN 
IE 


RA/B 
IE 





00 



Receiver Sfatus 
Register (RSR) 

Receiver Control 
Register (RCR) 

Receiver Data 
Register (RDR) 

Receiver Interrupt Erjable 
Register (RIER) 




R/W 


TDRA 


TFC 











TUNRN 


TFERR 





80 


R/W 


TEN 


TDSREN 


TICS 


THW 


TLAST 


TSYN 


TABT 


TRES 


01 


W 


TRANSMITTED DATA (TxFIFO) 





R/W 


TDRA 
IE 


TFC 
IE 











TUNRN 
IE 


TFERR 
IE 





00 



Transmitter Status 
Register (TSR) 

Transmitter Control 
Register (TCR) 

Transmitter Data 
Register (TDR) 

Transmitter Interrupt Enable 
Register (TIER) 



R/W 


CTST 


DSRT 


DCDT 


CTSLVL 


DSRLVL 


DCDLVL 








00 


R/W 


RTSLVL 


DTRLVL 











ECHO 


TEST 


NRZI 


00 


R/W 


CTS 
IE 


DSR 
IE 


DCD 
IE 

















00 



Serial Interface Status 
Register (SISR) 

Serial Interface Contnol 
Register (SICR) 

Serial Interrupt Enable 
Register (SIER) 



R/W 




















CTLEX 


ADDEX 


00 


R/W 





STOP BIT SEL 


CHAR LEN SEL 


PROTOCOL SEL 


00 


SB2 1 SB1 


CL2 1 CL1 


PS3 1 PS2 1 PS1 


R/W 


BOP ADDRESS/BSC & COP PAD 


00 


R/\N 


BOP ADDRESS/BSC & COP SYN 


00 


R/W 


BAUD RATE DIVIDER (LSH) 


01 


R/W 


BAUD RATE DIVIDER (MSH) 


00 


R/W 











PSCDIV 


TCLKO 


RCLKIN 


CLKSEL 


00 


CK2 1 CK1 


R/W 


PAREN 


ODDPAR 








CTLCRC 


CRCPRE 


CRCSEL 


04 


CR2 1 CR1 



Protocol Select 
Register 1 (PSRI) 

Protocol Select 
Register 2 (PSR2) 

Address Register 1 (AR1) 

Address Register 2 (AR2} 

Baud Rate Divider 
Register 1 (BRDRI) 

Baud Rate Divider 
Register 2 (BRDR2) 

Clock Control 
Register (OCR) 

Error Control 
Register (ECR) 



Notes: 

** RESET = Register contents upon power up or RES. 
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REGISTER DEFINITIONS 

RECEIVER REGISTERS 
Receiver Status Register (RSR) 



7 


6 


5 


4 


3 


2 


1 





RDA 


EOF 





C/PERR 


FRERR 


ROVRN 


RA/B 


RIDLE 



Reset value = $00 

Tiie Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RES. If an EOF, C/PERR, or FRERR Is set in 
the RSR, the data reflecting the error (the first byte or word in 
the RxFIFO) must be read prior to resetting the corresponding 
status bit In the RSR. The IRQ output is asserted If any of the 
conditions reported by the status bits occur and the correspond- 
ing interrupt enable bit in the RIER is set. 

The RSR format is the same as the frame status format (see 
below) except as noted. 

RSR 
T_ RDA —Receiver Data Available. (RSR only). 

The RxFIFO is empty (I.e., no repeiyed data is 
available). 

1 Received data is available in the RxFIFO and can be 
read via the RDR, 

RSR 

^ EOF —End of Frame. 

No end of frame or block detected. 

1 End of frame or block detected (BOP and BSC). 



RSR 
5_ 

RSR 

A 


1 



—Not Used. 



C/PERR — CRC/Parity Error. 

No ORG or parity error detected. 

CRC error detected (BOP, BSC), Parity error detected 

(ASYNC, ISOC and COP). 



RSR 
3_ FRERR —Frame Error. 

No frame error detected. 

1 Short Frame or a closing FLAG detected off boundary 
(BOP), Frame error (ASYNC, ISOC) or receiver 
overrun. 



RSR 


1 



RSR 

_1 


1 



RSR 


1 



ROVRN —Receiver Overrun. 

No receiver overrun detected. 
Receiver overrun detected. Indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of received data. The data 
that is already In RxFIFO are not affected and may be 
read by the processor. 



RA/B —Receiver Abort/Break. 

Normal Operation. 

ABORT detected after an opening flag (BOP), ENQ 
detected in a block of text data (BSC), or BREAK 
detected (ASYNC). 



RIDLE —Receiver idle. (RSR only). 
Receiver not idle. 

15 or more consecutive "1 's" have been received and 
the receiver is in an inactive idle state. 



Frame Status (RSR) 










7 


6 


5 


4 


3 


2 


1 








EOF 


RHW 


C/PERR 


FRERR 


ROVRN 


RA/B 






For the BSC and BOP protocols which have defined message 
blocks or frames, a "frame status" byte will be loaded into the 
RxFIFO following the last data byte of each block (see Figure 
3). The EOF status In the RSR Is then set when the byte/word 
containing the frame status Is the next byte/word to be read from 
the RxFIFO. 

In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 

The frame status contains all the status contained within the RSR 
with the exception of RDA and RIDLE. 
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BYTE D7 



DO 



M 


DATA 


M+1 


STATUS 


M+2 


NEXT FRAME 




Figure 3. BSC/BOP Block/Frame Status Location 



Receiver Control Register (RCR) 



7 


6 


5 


4 


3 


2 


1 








RDSREN 


DONEEN 


RSYNEN 


$TRSYN 


2ADCMP 


RABEN 


RRES 



Reset value = $01 

The Receiver Control Register (RCR) selects receiver control 
options. 



RCR 
7 



-Not used. 



RCR 
B_ RDSREN —Receiver Data Service Request Enable. 

Disable receiver DMA mode. 

1 Enable receiver DMA rtiode. 



RCR 



1 



DONEEN —DON E Output Enable. 

Disabl e DONE output. 

Enable DONE output. (When the receiver is in the DMA 

mode, i.e., RDSREN - 1). 



RCR 
4 RSYNEN 



—RSYNEN Output Enable. Selects the 
DSR signal input or the R SYN SYNC 
sig nal ou tput on the DSR pin. 

Input DSR on DSR^^ 

Output RSYN on DSR. 





1 

RCR 

J. STRSYN -Strip SYN Character (COf> only). 

Do not strip SYN character. 

1 Strip SYN character. 

RCR 
2_ 2ADCMP —One/Two Address Compare (BOP only). 

Compare one address byte with the contents of AR1 . 

1 Compare two address bytes with the contents of AR1 
and AR2. 



-Receiver Abort Enable (BOP only). 



RCR 
J_ RABTEN 

Do not abort frame upon error detection. 

1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). If either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. 



RCR 
RRES 



-Receiver Reset Command. 



Enable normal receiver operation. 

1 Reset receiver. Resets the receiver section including 
the RxFIFO and the RSR (but not the RCR). RRES is 
set by RES Or by writing a 1 into this bit for one write 
cycle and is cleared by writin g a into this bit. RRES 
requires clearing after RES. 



Receiver Data Register (RDR) 



7 6 


5 4 3 2 


1 


1 ^ 


MSB 


Received Data (RxFIFO) 




LSB 



The receiver has an 8-byte First In First Out (FIFO) register file 
(RxFIFO) where received data are stored before being 
transferred to the bus. The received data is transferred but of 
the RxFIFO via the RDR. When the RxFIFO has a data byte 
ready to be transferred, the RDA status bit in the RSR is set to 1 . 
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Receiver Interrupt Enable Register (RIER) 



7 


6 


5 


4 


3 


2 


1 





RDA 
IE 


EOF 
IE 





C/PERR 
IE 


FRERR 
IE 


ROVRN 
IE 


RA/B 
IE 


— 


Reset v« 


alue = 


m 













The Receiver Interrupt Enable Register (RIER) contains Inter- 
rupt enable b its fo r the Receiver Status Register (RSR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 



RIER 

X 



1 



RDA IE —Receiver Data Available Interrupt 
Enable. 

Disable RDA Interrupt. 
Enable RDA Interrupt. 



RIER 

_6^ EOF IE —End of Frame Interrupt Enable. 

Disable EOF interrupt. 

1 Enable EOF Interrupt. 



RIER 
5 



—Not used. 



RIER. , 
± C/PERR lE^CRC/Parity Error Interrupt Enable. 

Disable C/PERR Interrupt. 

1 Enable C/PERR Interrupt. 

RIER 

_3_ FRERR IE —Frame Error Interrupt Enable. 

Disable FRERR Interrupt. 

1 Enable FRERR Interrupt. 

RIER 

2_ ROVRN IE — Receiver Overrun Interrupt Enable. 

Disable ROVRN Interrupt. 

1 Enable ROVRN Interrupt. 

RIER 

J_ RA/B IE —Receiver Abort/Break Interrupt Enable. 

Disable RA/B Interrupt. 

1 Enable RA/B Interrupt. 



RIER 




The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their resp ective positions, by writing 
a 1 into the TOR TRES bit, or by RES. The IRQ output is asserted 
if any of the conditions reported by the status bits occur and 
the corresponding interrupt enable bit in the TIER is set. 

TSR 
_7 TDRA —Transmitter Data Register Available. 

The TxFIFO is full. 

1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TDR. 



TSR 
6 TFC 



TSR 
5-3 



—Transmitted Frame Complete. (BOP, BSC 
and COP only). 
Frame not complete. 

Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 



—Not used. 



TSR 
2 TUNRN 



—Transmitter Underrun (BOP, BSC and 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur- 
ing a transmission. For BOP, the undorrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is available in the TxFIFO. 

No transmitter underrun occurred. 

Transmitter underrun occurred. 



TSR 

_1_ TFERR —Transmit Frame Error (BOP only). 

No frame error has occurred. 

1 No control field was present (short frame). 

Transmitter Control Register (TCR) 



7 


6 


5 


4 


3 


2 


1 





TEN 


TDSREN 


TICS 





TUST 


TSYN 


TABT 


TRES 



—Not used. 



Reset value = $01 

The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 



TRANSMITTER REGISTERS 
Transmitter Status Register (TSR) 



'■■■■'. 7 ,:;■ 


6 


5 


4 


3 


2 


1 





TDRA 


TFC 











TUNRN 


TFERR 






Reset value =s $80 



TCR 
_7 TEN —Transmitter Enable. 

Disable transmitter. TxD output is Idled. The TxFIFO 
may be loaded while the transmitter is disabled. 

1 Enable transmitter. 
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TCR 
6 TDSREN 



—Transmitter Data Service Request 
Enable. 

Disable transmitter DMA mode. 
Enable transmitter DMA mode. 



Transmit Data Register (TDR) 



TCR 
5 TICS 



TCR 

4 



TCR 
3 



TCR 
2_ 


1 



TCR 
_L 


1 



TCR 
0. 


1 



—Transmitter Idle Character Select. Selects 
the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
Mark Idle (TxD output is held high). 
Content of AR2 (BSC and COP), BR^AK condition 
(ASYNC and ISOC), or FLAG character (BOP). 



—Not Used. This bit is initialized to by RES 
and must not be set to 1 . 



TLAST —Transmit Last Character (BOP, BSC and 
COP only). 
The next character is not the last character in a frame 
or block. 

The next character to be written into the TDR is the 
last Character of the message. The TLAST bit 
automatically returns to a when the associated 
word/byte is written to the TxFIFO. If the tran smitter 
DMA mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 



TSYN -Transmit SYN (BSC and COP only). 
Do not transmit SYN characters. 
Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character^ If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a when the SYN character 
is loaded into the Transmitter Shift Register. 



TABT —Transmit ABORT (BOP only). 
Enable normal transmitter operation. 
Causes an abort by sending eight consecutive 1's. A 
data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 



TRES —Transmitter Reset Command. 

Enable normal transmitter operation. 
Reset transmitter. Clears the transmitter section 
including the TxFIFO and the TSR (but not the TCR). 
The T xD ou tput is held in "Mark" condition. TRES is 
set by RES or by writing a 1 into this bit for one write 
cycle and is cleared by writin g a into this bit. TRES 
requires clearing after RES. 



7 


6 


5 4 3 1 2 


1 


1 ° 


MSB 




Transmitted Data (TxFIFO) 




LSB 



The transmitter has an 8-byte FIFO register file (TxFIFO). Data 
to be transmitted is transferred from the bus into the TxFIFO 
via the TDR. The TDRA status bit in the TSR is set to 1 when 
the TxFIFO is ready to accept another data byte. 




Transmitter Interrupt Enable Register (TIER) 




7 


6 


5 


4 


3 


2 


1 





TDRA 
IE 


TFC 
IE 


^Oi •■••■ 








TUNRN 
IE 


TFERR 
IE 


— 



Reset value = $00 

The Transmitter Interrupt Enable Register (TIER) contains 
Interrupt ena ble b its for the Transmitter Status Register. When 
enabled, the IRO output is asserted when the corresponding 
condition is detected and reported in the TSR. 



TIER 
7. TDRA IE —Transmitter Data Register (TDR) Avail- 
able interrupt Enable. 

Disable TDRA Interrupt. 

1 Enable TDRA Interrupt. 

TIER '„ ■ 
_6_ TFC IE ^Ttransmit Frame Complete (TFC) Interrupt 
Enable. 

Disable TFC Interrupt. 

1 Enable TFC Interrupt. 



TIER 
5-3 



—Not used. 



TIER 
1. TUNRN IE —Transmitter Underrun (TUNRN) interrupt 
Enable. 

Disable TUNRN Interrupt. 

1 Enable TUNRN Interrupt. 

TIER 
J_ TFERR IE —Transmit Frame Error (TFERR) Interrupt 
Enable. 

Disable TFERR Interrupt. 

1 Enable TFERR Interrupt. 



TIER 




-Not used. 
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SERIAL INTERFACE REGISTERS 



Serial Interface Status Register (SISR) 








7 


6 


5 


4 


3 


2 


1 





CTST 


DSRT 


DCDT 


CTSLVL 


DSRLVL 


DCDLVL 









Reset value = $00 

The Serial Interface Status Register (SISR) contain^ the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) ar e cleare d by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state Of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding Interrupt enable bit in the SIER is set. 



SISR 

Z 

1 



CT ST —Clear to Send Transition Status. 

CTS has transitioned positive (from active to inactive). 
(TRE S must be a zero). 
CTS has not transitioned positive. 



SISR 

e_ 

1 





DS RT —Data Set Ready Transition Status. 

DSR has transitioned negative (from inactive to active). 
DSR has not transitioned negative. 



SISR 

5_ DC DT —Data Carrier Detect Transition Status. 

1 PCD has transitioned positive (from active to inactive). 

DCD has not transitioned positive. 

SISR 

4. CTSLVL —Clear to Send Level. 

CTS input level is negated (high). 

1 CTS Input level is asserted (low). 

SISR 

3_ DS RLVL ~Data Set Ready Level. 

DSR input level is negated (high). 

1 DSR input level is asserted (low). 

SISR 

2_ DC DLVL —Data Carrier Detect Level. 

DCD input level is negated (high). 

1 DCD input level is asserted (low). 



SISR 
1-0 



—Not used. 



Serial Interface Control Register (SICR) 



7 


6 


5 


4 


3 


2 


1 





RTSLVL 


DTRLVL 


- 


- 


- 


ECHO 


TEST 


NRZI 



The Serial Interface Control Register (SICR) controls various 
serial interface signals and test functions. 

SICR 
7_ RTSLVL —Request to Send Level. 

Negat e RTS output (high). 

1 Assert RTS output (low). 

NOTE 

In BOP, BSC, or COP, when the RTSLVL bitjs cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or blo ck has been transmitted, In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the trans mitter Is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 

SICR 
_6_ DTRLVL —Da ta Terminal Ready Level. 

Negat e DTR output (high). 

1 Assert DTR output (low). 



SICR 
5-3 



— Not use d. These b^ are initialized to by 
RESET and must not be set to 1 . 



SICR 
A 



1 



SICR 

JL 


1 



ECHO —Echo Mode Enable. 

Disable Echo mode (enable normal operation). 
Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 



TEST ^Self-test Enable. 

Disable self-test (enable normal operation). 
Enable self-test. The transmitted data (TxD) and clock 
(TxC) are routed back through t o the r eceiv er thro ugh 
RxD and RxC, respectively (DCD and CTS are 
ignored). This "loopback" self-test may be used for 
all protocols. RxC is external regardless of the slate 
of CCR bit 2. CCR bit 3 may be a or a 1 . 



SICR 
NRZI 



—NRZI Data Format Select. Selects the 
transmit and receive data format to be NRZ 
or NRZI. 
Select NRZ data format. NRZ coding— high = 1 and 
low = 0, 

Select NRZI data format. The serial data remains in 
the same state to send a binary 1 and switches to the 
opposite state to send a binary 0. A 1 bit delay is added 
to the TxD output to allow for encoding. 



Reset value = $00 
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Serial Interrupt Enable Register (SIER) 



Protocol Select Register 2 (PSR2) 



CTS 
IE 



DSR 
IE 



DCD 
IE 



Reset value » $00 

The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 



7 


6 


5 


4 


3 


2 


y 1 


WD/BYT 


STOP BIT SEt 


CHAR LEN SEL 


PROTOCOL SEL 




882 


SB1 


CL2 


CL1 


PS3 


PS2 PSI 



Reset value = $00 

Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 



SIIER 

i. 



1 



CTS IE —Clear to Send (CTS) Interrupt Enable. 

Disable CTS Interrupt. 
Enable CTS Interrupt. 



PSR2 

7 




—Not Used. This bit is initialized to by RES 
and must not be changed to 1 . 



SIER 

6_ DSR IE —Data Set Ready (DSR) Interrupt Enable. 

Disable DSR interrupt. 

1 Enable DSR Interrupt. 



PSR2 
6-5 STOP BIT SEL 



—Number of Stop Bits Select. 

Selects the number of stop bits 
transmitted at the end of the data 
bins in ASYNC and ISOC modes. 



SIER 
5_ 


1 

SIER 
4-0 



DCD IE —Data Carrier 
Enable. 

Disable DCD Interrupt. 
Enable DCD Interrupt. 



—Not used. 



Detect (DCD) Interrupt 



6 
SB2 



1 



5 
SB1 


1 




No. of 


Stop 


Bits 


ASYNC 




ISOC 


1 




1 


1-1/2 




2 


2 




2 



GLOBAL REGISTERS 

The global registers contain command information applying to 
different modes of Operation and protocols. After changing global 
register data, TRES in the TGR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 



PSR2 
4-3 CHAR LEN SEL 



Protocol Select Register 


1 (PSR1) 






"\7'"' 


6 


■■■•■5 


4:;;,, 


3 


2 


1 





- 


- 


— 


■ - 


- 


- 


CTLEX 


ADDEX 



Reset value = $00 

Protocol Select Register 1 (PSR1) selects BOP protocol related 
Options. 



4 
CL2 




1 
1 



CL1 



1 



1 



-Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 



Character Length 

5 bits 

6 bits 

7 bits 

8 bits 



PSR1 
7-2 

PSR1 

■■ ± 

1 

PSR1 

0. 



1 



—Not used. 



CTLEX -^Control Field Extend (BOP only). 

Select 8-bit control field. 
Select 16-bit control field. 



ADDEX —Address Extend (BOP only). 

Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
Enable address extension. When bit in the address 
byte is a the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all O's (null address). 



PSR2 

2-0 PROTOCOL SEL— Protocol Select. Selects protocol 
and defines the protocol dependent 
control bits. 



2 


.„:,|, , 







PS3 


PS2 




PSI 




Protocol 





BOP (Primary) 








1 


BOP (Secondary) 





1 





Reserved 





1 


1 


COP 


1 








BSC EBCDIC 


1 





1 


BSC ASCII 


1 


1 





ASYNC 


1 


1 


1 


ISOC 
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Address Register 1 (AR1) 



7 6 5 4 3 2 


1 





BOP ADDRESS/BSC & COP PAD 


Reset value = $00 
Address Register 2 (AR2) 


7 6 1 5 4 3 2 


1 


' 


BOP ADDRESS/BSC & COP SYN 



Reset value = $00 

The protocol selected in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-blt Address Registers (AR1 and 
AR2). As a secondary station in BOP, the contents of the address 
registers are used for address matching depending on the 
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2 
contain programmable leading PAD and programmable SYN 
characters, respectively.. 

Address Register (AR) Contents 



Protocol Selected 


2ADCMP 


AR1 


AR2 


BOP (Primary) 
BOP (Secondary) 

BSC EBCDIC 
BSC ASCII 
COP 


X 

1 
X 
X 
X 


X 

Address 
Address 
Leading PAD 
Leading PAD 
Leading PAD 


X 

X 
Address 
SYN 
SYN 
SYN 


*X = Not used 









Baud Rate Divider Register 1 (BRDR1) 






7 6 5 4 3 2 


1 





BAUD RATE DIVIDER (LSH) 



Reset value = $01 



Baud Rate Divider Register 2 (BRDR2) 




7 6 5 4 3 2 1 1 


1 


BAUD RATE DIVIDER (MSH) 



Reset value = $00 

The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 



The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 



BRD = 



Crystal Frequency 



where: 



(Prescaler Divider) (Baud Rate) (K) 

K = 1 for isochronous or synchronous 
2 for asynchronous 



Cloclc Control Register (CCR) 



7 


6 


5 


4 


3 


2 


1 


' — 


— 


■ ^ 


PSCDIV 


TCLKO 


RpLKIN 


CLK SEL 


CK2 


CK1 



Reset value = $00 

The CCR selects various clock options. 



OCR 




7-5 


—Not used. 


CCR 




4 


PSCDIV —Prescaler Divider. The Prescaler Divider 




network reduces the external/oscillator fre- 




quency to a value for use by the internal 




Baud Rate Generator. 





Divide by 2. 


1 


Divide by 3. 



CCR 

3_ TCLKO —Transmitter Clock Output Select. 

Select TxC to be an Input. 

1 Select TxC to be an output. 



CCR 
2 RCLKIN 





1 

CCR 
1-0 



Receiver Clock Internal Select (ASYNC 

only). 
Select External RxC. 
Select Internal RxC. 



CLK DIV —External Receiver Clock Divider. Selects 
the divider of the external RxC to determine 
the receiver data rate. 



CK2 



OKI 



Divider 






•■■■O-'""'-' 


1 (ISOC) 





1 


16 


1 





32 


1 


1 


64 
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Table 3. Standard Baud Selection (8.064 MHz Crv 


ratal) 






Desired 
Baud Rate 


Prescaler Divider 


Baud Rate Divider | 


Asynciironous 


Isochronous and Synclironous | 


Decimal 


PSCDIV 


Decimal 


Hexadecimal Value 


Decimal 


Hexadecimal Value | 


BRDR2 


BRDR1 


BRDR2 


BRDR1 


(Bit Rate) 


Value 


(0 to 1) 


Value 


(MSH) 


(LSH) 


Value 


(MSH) 


(LSH) 


50 


3 


1 


26.880 


69 


00 


53,760 


D2 


00 


75 


2 





26,880 


69 


00 


53,760 


D2 


00 


110 


3 


1 


12,218 


2F 


BA 


24,436 


5F 


74 


135 


2 





14,933 


3A 


55 


29,866 


74 


AA 


150 


3 


1 


8,960 


23 


00 


17,920 


46 


00 


300 


2 





6,720 


1A 


40 


13,440 


34 


80 


1200 


3 


1 


1,120 


04 


60 


2.240 


08 


CO 


1800 


2 





1,120 


04 


60 


2,240 


08 


CO 


2400 


2 





840 


03 


48 


1,680 


06 


90 


3600 


2 





560 


02 


30 


1,120 


04 


60 


4800 


3 


1 


280 


01 


18 


560 


02 


30 


7200 


2 





280 


01 


18 


560 


02 


30 


9600 


3 


1 


140 


00 


8C 


280 


01 


18 


19200 


3 


1 


70 


00 


46 


140 


00 


8C 


38400 


3 


1 


35 


00 


23 


70 


00 


46 




Error Control Register (ECR) 



7 


6 


5 


4 


3 


2 


1 


PAREN 


ODDPAR 


^' 


— 


CRCCTL 


CRGPRE 


CRCSEL 


CR2 CR1 



Reset value = $04 

The Error Control Register (ECR) selects the error detection 
method used by the ISiPCC. 

ECR 
1_ PAREN —Parity Enable. (ASYNC, ISOC and COP 
only). 

Disable parity generation/checking. 

1 Enable parity generation/checking. 

ECR 
6. ODDPAR —Odd/Even Parity Select (Effective only 
when PAREN r=1). 

Generate/check even parity. 

1 Generate/check odd parity. 



ECR 
5-4 



—Not used. 



ECR 
3 CFCRC 



—Control Field CRC Enable. 



Disable control field CRC. Enables an intermediate 

CRC remainder to be appended after the address/con- 
trol field in transmitted BOP frames and checked in 
received frames. The CRC generator is reset after con- 
trol field CRC calculation. 

ECR 
2_ CRCPRE —CRC Generator Preset Select. 

Preset CRC Generator to 0. 

1 Preset CRC Generator to 1 and transmit the 1 's com- 
plement of the resulting remainder. 



ECR 
1-0 CRCSEL 



—CRC Polynomial Select. Selects one of the 
RC polynominals. 



1 
CR2 




1 

1 





cm 



1 



1 



Polynominal 

Xi6 + xi2 + x5 + 1 (CCITTV.41) 
Xl6 + x15 + x2 + 1 (CRC-16) 
x8+l (VRC/LRC)* 

Not used. 

* VRC: Odd-parity check is performed on each 
character including the LRC character. 
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INPUT/OUTPUT FUNCTIONS 

MPU INTERFACE 

Transfer of data between the MPCC and the system bus involves 
the following signals: Address lines AO through A4, Data Bus Lines 
DO through D7, and control signals consisting of R/W, OS, and 
02. Figures 10 and 11 show typical interface connections. 

Read/Write Operation 

The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
I/O buffer acts as an output driver during a read operation and 
as an input buffer during a write operation. 

When the MPCC is selected (CS low) during a read (R/W high), 
eight bits of register data are placed on data bus lines DO - D7 
when 02 isjisserted. When the MPCC is selected (CS low) for 
a write (R/W low), 02 strobes data from the D0-D7 data lines 
into the selected register. Figures 12 and 13 show the read and 
write timing relationships. 

DMA INTERFACE 

The MPCC is capable of providing DMA data transfers up to 
2 Mbytes per second when used with the MC68440 DMAC In the 
single address mode. Based on 4 Mb/s serial data rate and 5 
bits/character, the maximum DMA required transfer rate is 800 
Kbytes per second. 

The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
MPCC and the DMAC is accomplished by a two-signal 
request/acknowledg e hands hake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine ttie two DMA 
acknowledge signals. The MPCC uses the R/W in put to 
distinguish between the Transmitter Datgi Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 

Receiver DMA Mode 

The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1 . When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transf er. The next 
RDSR cycle may be initiated as soon as the c urrent RD SR c ycle 
is conripleted (i.e., a full sequence of DACK, 02, and DTS). 



RDSR is inhibited when either RDSRE N is r eset to or RRES 
is set to 1 (both in the RCR), or when RES is asserted. 

Transmitter DMA Mode 

The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When th e TxFIFO is available. Transmitter 
Data Service Request (TDSR) Is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transf er. The next 
TDSR cycle may be initiated as soon as the current TDSR cycle 
is completed. 

In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memor y to the TxFIFO, Only 
the memory Is addressed. In response to TDSR assertion, the 
DMAC sets the R/W li ne to read and asserts the me mory add ress, 
DMA transfer strobe (DTS) and DMA acknowledge (DACK). The 
The memory places data on the data bus and the MPCC loads 
the data into the TxFIFO to complete the data transfer. A timing 
diagram for the transmitter DMA mode is shown in Figure 15. 



TDSR is inhibited when either TDSRE N is r eset to or TRES 
is set to 1 (both In the TCR), or when RES is asserted. 



In response to RDSR assertion, the DMAC sets the R/W line to 
write and asserts the memor y addre ss, DMA transfer strobe 
(DTS), and DMA acknowledge (DACK). The MPCC outputs data 
from the RxFIFO to the data bus during 02. The memory latches 
the data to complete the data transfer. Figure 13 shows the timing 
relationships for the receiver DMA mode. 



DONE Signal 

When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last wo rd/byte has been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 

INTERRUPTS 

There are three possible sources of an interrupt request (IRQ): 
the receiver section (as reported in the RSR), the transmitter 
section (as reported in the TSR), and the serial Interface (as 
reported in the SISR). When an Interrupt generatirig status occurs 
and the interrupt is enabled by a corresponding bit in the 
associated interrupt enable register, IRQ is asserted. The inter-! 
rupt processing software must examine all status registers that 
have interrupt status bits enabled to determine the cause of the 
interr upt a nd perform the required processing to clear the inter- 
rupt. IRQ will remain asserted until all interrupt causing condi- 
tions reported in status registers have been cleared. 

SERIAL INTERFACE 

The MPCC is a highspeed, high perfprmance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 
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RTS (Request to Send) Output 

The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of th e transmitter sec- 
tion. When the RTSLVL bit is set to 1 , the R TS ou tput is asserted. 
When the RTSLVL bit is reset to 0, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (or fram e), complete with CRC code if any, has been 
transmitted. RTS also is negated wh en the RTSLVL bit is reset 
during transrnitter idle, or when the RES Input is asserted. 

CTS (Clear to Send) Input 

The CTS input signal is normally generated by the DCE to indi- 
cate w hether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS 
Input while the CTSLVL bit in the SISR reflects the current level. 
A positive transition on the C TS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 

DCD (Data Carrier Detect) Input 

The DCD Input signal is normally generated by the DCE and indi- 
cates that the DCE is rece iving a data carrier signal suitable for 
demodulatio n. The DCDT bit in the SISR reports the transition 
status of the DCD Input while the DCDLVL bit In the SISR c on- 
tains the cu rren t level. A positive transition on the DCD pin 
asserts the IRQ output If the DCD IE bit in the SIER Is set. 
A negated DCD input disables the start of the receiver. 

DSR (Data Set Ready) Input/RSYN Output 

The DS R input from the DCE indicates the status of the local data 
set. T he DSRT bit in the SISR contains the transition status of the 
DSR input while the DSRLVL bit i n the SISR reports the cur rent 
level. A negative transition on the DSR pin asserts the IRQ out- 
put if the DSR IE bit in the SIER is set. 

When the RSYN bit in the RCR is set to 1 , the frame synchroniza- 
tion signal (RSY N) in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN in BSC 
or GOP, or an address match in BOP. 

DTR (Data Terminal Ready) Output 

The DTR output is general purpose in na ture and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 

TxC (Transmitter Clock) Input/Output 

The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit In the CCR Is set to a 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCLKO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. 



TxD (Transmitted Data) Output 

The serial data transmitted from the MPCC is coded In NRZ or 
NRZI (zero complement) data format as selected by the NRZI 
confrol bit In the SICR. 

RxC (Receiver Clock) Input 

The receiver latches data on the negative transition of the RxC. 

RxD (Received Data) Input 

The serial data received by the MPCC can be coded In NRZ 
or NRZI data format. The MPCC will decode the received data 
in accordance with the NRZI control bit setting In the SICR. 

Serial Interface Timing 

The timing for the serial interface clock and data lines is shown 
in Figure 16. The MPCC supports high speed synchronous 
operation. As shown, the TxD output changes with the negative- 
going edge of TxC and the received data on RxD is latched on 
the negative edge of RxC. This assures high speed two-way 
operation between two MPCCs connected as shown in 
Figure 18. 

For low speed operation between the MPCC and a modem or 
RS-2i32C Data Communications Equipment (DCE), an inverter 
can be used in the TxC output lines as shown in Figure 18. 
RS-232 and RS-423. (covering serial data interface up to 100K 
baud) require that data be centered ±25% about the negative- 
going edge of the RxC. This criteria Is met for frequencies up 
to 1.25 MHz using the inverter. Use of the Inverter also allows 
MPCC to MPCC operation up to 2.17 MHz. 

SERIAL COMMUNICATION MODES 
AND PROTOCOLS 

ASYNCHRONOUS AND ISOCHRONOUS MODES 

Asynchronous and Isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1 , 1 V2, or 2 stop bits. The data character 
Is transmitted with the least significant bit (LSB) first. The data 
line is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) 1$ used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 

Asynchronous lieceive 

In the asynchronous (ASYNC) mode, data received on RxD 
occurs in three phases: (1) detection of the start bit and bit 
synchronization, (2) character assembly and optional parity 
check, and (3) stop bit detection. The receiver bit streartt^n^ 
be synchronized by the Internal baud rate generator clock or 
by an external clock on BkC. When RCLKIN In the CCR is set 
to 0, an external clock with a frequency of 16, 32, or 64 times 
the data rate establishes the data bit midpoint and nriaintains 
bit synchronization. The character assembly process does not 
start if the start bit is less than one-half bit tirtie. Frarhing and 
parity errors are detected and buffered along with the character 
on which errors occurred. They are passed on to the RxFIFO 
and set appropriate status bits in the RSR when the character 
with an error reaches the last RxFIFO register where it is ready 
to be transferred onto the data bus via the RDR. 
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ASYNCHRONOUS FRAME FORMAT 

r T 

I I 
L L 



DATA 



-e^- 



START LBS 



^^- 



T r- — 'J— — |~T — r 

1 I I III 
J._ J - I L.JI-L. 



MSB 



5 TO 8 BITS 



PARITY 
(OPT) 



STOP 

(1, IVa, 0R2BITS) 



ISOCHRONOUS FRAME FORMAT 



CLK 



LrLjn_aj~Lrm 



DATA 






START 



LBS 






n r — 

I I 

-J L 1 



MSB 



5 TO 8 BITS 



PARITY 
(OPT) 



STOP 

1 OR 2 BITS 



Figure 4. Asynchronous and Isochronous Frame Format 



Isochronous Receive 

In the isodhronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serialdata bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is 
satisfied by the detection of a high-to-low transition on the serial 
data input line. Error detection and status indication are the same 
as the asynchronous mode. 

Asynchronous and isochronous Transmit 

In asynchronous and isochronous transmit modes, output data 
tansmissioh on TxD begins with the start bit. This is followed 
by the data character which Is transmitted LSB first. If parity 
generation is enabled, the parity bit is transmitted after the MSB 
of the character. 

SYNCHRONOUS MODES 

In synchronous modes, a one-times clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on the falling edge of the clock. 



BIT ORIENTED PROTOCOLS (BOP) 

In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a clos- 
ing flag. A frame may also contain an information field. (See 
Figure 5). 

The opening flag is a special character whose bit pattern is 
01 1 1 1 1 10. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. 
The address field can be extended by setting the ADDEX bit 
to a 1 in PSR1. In this case, the address field will be extended 
until the occurrence of an address byte with a 1 in bit 0. Up to 
two bytes of the address field may be automatically checked 
when the MPCC is programmed to be a secondary station in 
BOP. An automatic check for global (11111111) or null 
(00000000) address is also made. The control field of one or two 
bytes is transparent to the MPCC and sent directly to the host 
without Interpretation. 
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The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X^s + 
X12 + X5 + 1 (GRC-CCITT) should be used, i.e., selected in 
the CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all 1S, and the 
Is complement of the resulting remainder is transmitted. (See 
X.25 Recommendation.) 

Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A is Inserted 
by the transmitter after every fifth consecutive 1 in the data 
stream. These inserted zeros are removed by the receiver to 
restore the data to its original form. The inserted zeros are not 
included In the CRC calculation. 

The end of the frame is determined by the detection of the 
closing Flag special character which is the same is the opening 
Flag. 

With the control options offered by the MPCC, commony used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 

BOP Receiver Operation 

In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing 
flag for one frame serves as the opening flag for the next frame) 
and the shared zero (the ending of a closing flag serves as 
the beginning of an opening flag forming the pattern 
"011111101111110." 

Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation 
includes all the characters between the opening Flag and the 
closing Flag. The contents of the CRC register are checked 



at the close of a frame and the C/PERR bit in the RSR is updated. 
The FCS and the Flag are not passed on to the RxFIFO. 

If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven 1s) is detected, the 
remaining frame is discarded and the FA/B bit Is set in the RSR. 
When a link Idle (15 or more consecutive is) is detected ^ the 
RIDLE status bit is set in the RSR. The zeros that have been 
inserted to distinguish data from special characters are detected 
and deleted from the data stream before characters are assem- 
bled. The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. If there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. 

For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended control 
field bit. 

If the CFCRC bit in the ECR is set to 1 , an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 

BOP Transmitter Operation 

In BOP, the fxFIFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = in the TCR). When the 
transmitter is enabled (TEN = 1 in the TCR), the leading FLAG 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO Is not 
full. If an underrun occurs, the TUNRN bit In the TSR is set to 
a 1 and an ABORT (1111 1 1 11) is transmitted followed by con- 
tinuous FLAGSs or marks until a new sequence is initiated. 

The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append 
the two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the TD SREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 




FLAG 
01111110 


ADDRESS 

TORN 

BYTES 


CONTROL 
10R 
2 BYTES 


INFORMATION 
N BYTES 
(OPTIONAL) 


FCS 

2 BYTES 


FLAG 
01111110 



Figure 5. Bit Oriented Protocol (BOP) Frame Format 



IBIM SDLS FRAIME FORIMAT 



FLAG 
01111110 


ADDRESS 
1 BYTE 


CONTROL 
1 BYTE 


INFORMATION 
N BYTES 


FCS 

2 BYTES 


FLAG 
01111110 


ADCCP/HDLC FRAME FORMAT 


FLAG 
01111110 


ADDRESS 
N BYTES 


CONTROL 

1 OR 

2 BYTES 


INFORMATION 
N BYTES 


FCS 

2 BYTES 


FLAG 
01111110 



Figure 6. Implemented Bit Oriented Protocols 
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A message may be terminated at any time by setting the TABT 
bit in the TCR to 1 . This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
In thelxFIFO. 

The serial data from the Transmitter Shift Register is continu- 
ously monitored for five consecutive 1s, and a is inserted in 
the data stream each time this condition occurs (excluding Flag 
and Abort characters). 

CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit In the ECR Is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence Is calculated over the balance Of 
the frame. 

BISYNC(BSC) 

The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting 
the appropriate CRCSEL bits in the ECR for both transparent 
and non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII CQded messages. BSC messages are formatted using 
defined data-link control (characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4- 

Table 4. BSC Data-Link Control Characters 



ASCII 


EBCDIC 


Command 


Byte 1 


Byte 2 


Command 


Byte1 


Byte 2 


SYN 


16* 


— 


SYN 


32* 


— 


SOH 


01 


— 


SOH 


01 


— 


STX 


02 


^ _ 


STX 


02 


__ 


ETB 


17 


— 


EOB (ETB) 


26 


— 


ETX 


03 


^ 


ETX 


03 


— 


ENQ 


05 


— 


ENQ 


2D 


— 


DLE 


10 


__ 


DLE 


10 


—• ' 


ITS 


IF 


— 


ITB 


IF 


., — 


EOT 


04 


— 


EOT 


37 


— 


ACKN* 


10 


30-37 


ACKO 


10 


70 


NAK 


15 


_ 


ACK1 


10 


61 


WACK 


10 


38 


NAK 


3D 


— 


RVI 


10 


30 


WACK 


10 


6B 








RVI 


10 


70 


Note: * Programmable 



A heading is a block of data starting with an SOH and contain- 
ing one or more characters that are used for message control 
(e.g., message Identification, routing, and priority). The SOH 
Initiates the block-check-character (BCC) accumulation, but is 
not included in the accumulation. The heading is terminated by 
STX when it is part of a block containing both heading and text. 
A block containing only a heading is terminated with an ITB or 
an ETB followed by the BCC. Only the first SOH or STX in a 
transmission block following a line turnaround causes the BCC 
to reset. All succeeding STX or SOH characters are included 
in the BCC. This permits the entire transmission (excluding the 
first SOH or STX) to be block-checked. 

The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease In processing 
and more efficient error control. Each block starts with STX and 
ends with ETB (except for the last block of a message, which 
ends with ETX). A single transmission can contain any number 
of blocks (ending with ETB) or messages (ending with ETX). An 
EOT following the last ETX block Indicates a normal end of 
transmission. Message blocking without line turnaround can be 
accomplished by using ITB (see the Additional Data Link 
Capabilities section, IBM GA 27-3004-2). 

Two modes of data transfers are usdd in BSC. In non-transparent 
mode, data link control characters may not appear as text data. 
In transparent mode, each control character is preceded by a 
data link escape (DLE) (Character to differentiate it from the text 
data. Table 5 indicates which control characters are excluded 
in the CRC generation. All characters not shown in the table are 
Included in the CRC generation. Figure 8 shows various formats 
for Control/Response Blocks and Heading and Text Blocks. 



Table 5. 



BSC Control Sequences — Inclusion 
in CRC Accumulation 



Character of Sequence 


Included In CRC Accumulation 


Yes 


No 


TSYN 
TSOH 
TSTX* 
ibIB 
lb IX 
TDLE 


ETB 
ETX 
(DLE)DLE 


DLESYN 

DLESOH 

DLESTX 

DLE 

DLE 

DLE(DLE) 


*lf not preceded within the same block by transparent heading 
information. 



1 FADING PAD 
1 BYTE 
(AR1) 


SYN 
1 BYTE 
(AR2) 


SYN 
1 BYTE 
(AR2) 


BODY 


BCC 


TRAILING 

PAD 

11111111 



Figure 7. BSC Block Format 
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CONTROL/RESPONSE BLOCKS: 



LEADING 
PAD 


SYN 


SYN 


EOT 


FOLLOW- 
ING PAD 


SYN 


SYN 


1 1 
ADDRESS 


ENQ 


FOLLOW- 
ING PAD 



POLLING OR SELECTION 



LEADING 
PAD 


SYN 


SYN 


1 
ACKO 


FOLLOW- 
ING PAD 


POSITIVE ACKNOWLEDGEMENT 




LEADING 
PAD 


SYN 


SYN 


NAK 


FOLLOW- 
ING PAD 





NEGATIVE ACKNOWLEDGEMENT 

HEADING AND TEXT BLOCKS: 

RESET BCC — * 



LEADING 
PAD 



SYN 



SYN 



SOH 



-INCLUDED IN BCC - 



1 ft — r 

HEADING 



ETB 



BCC 



FOLLOW- 
ING PAD 



RESET BCC *-* 



HEADING ONLY 
-INCLUDED IN BCC - 



-INCLUDED IN BCC- 



LEADING 
PAD 



SYN 



SYN 



SOH 



HEADING 



STX 



TEXT 



SYN 



TEXT 



ETX 



BCC 



FOLLOW- 
ING PAD 



NONTRANSPARENT HEADING AND TEXT 



RESET BCC H<INCLUDED IN BCC* 

11- 



-INCLUDED IN BCC* 



LEADING 
PAD 



SYN 



SYN 



DLE 



STX 



TEXT 



DLE 



SYN 



DLE* 



ETX 



BCC 



FOLLOW- 
ING PAD 



TRANSPARENT TEXT 



*DLE EXCLUDED FROM BCC CALCULATION 



Figure 8. BSC Message Format Examples 
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BSC Receiver Operation 

Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that 
VRC/LRC polynomial is selected. Character assembly starts after 
the receipt of two consecutive SYN characters. Serial data bits 
are shifted through the Receiver Shift Register into the Serial- 
to-Parallel Register and transferred to the RxFIFO. The RDA 
status bit in the RSR is set to 1 each time data is transferred 
to the RxFIFO. The SYN character in non-transparent mode and 
DLE-SYN pairs in transparent mode are discarded. 

The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SON, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accurliulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or DLE-ITB, 
DLE-ETB, DLE-ETX in transparent mode. If a CRC error is 
detected, the C/PERR and EOF bits in the RSR are set to 1. 
If no error is detected only the EOF bit is set. If the closing 
character was an ITB, BCC accumulation and character 
assembly starts again on the first character following the BCC. 

BSC Transmitter Operation 

BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX 
initiates the block-check-character (BCC) accumulation. An in- 
itial SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 



The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD is generated by the MPCC. 

In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN charac- 
ters will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or END with a TLAST tag is treated 
as a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, 
and returns the data link to normal mode. BCC generation is 
not used for messages beginning with characters other than 
SOH, STX, DLE-SOH, or DLE-STX. On all message types, if the 
TSYN bit Is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence 
on transparent messages) sequence is transmitted before the 
next character is fetched from the TxFIFO. 

CHARACTER ORIENTED PROTOCOLS 

The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair 
of consecutive SYN characters to establish character syn- 
chronization. These SYN characters are discarded after detec- 
tion. The PAD and SYN characters may be 5-8 bits long and 
are user programmable as stored in AR1 and AR2, respectively. 

If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message 
will be discarded and will not be passed on to the RxFIFO. If 
STRSYN is reset, SYNs detected within the message wlil be 
treated as data. 



LEADING PAD 
5-8 BITS 
(AR1) 



SYN 

5^8 BITS 
(AR1) 



SYN 

5-8 BITS 
(AR2) 



MESSAGE 
• 5-8 BIT CHARACTERS ' 



Figure 9. Character Oriented Protocol Format 
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Figure 10. Typical Interface to 6500-Based System 
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Figure 11. Typical Interface to 6800-Based System 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 12. MPCC Read Cycle Timing 
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Figure 13. MPCC Write Cycle Timing 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode). 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 15. Memory to MPCC DMA TVansfer Cycle Timing (Tl'ansminer DMA Mode). 
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HIGH SPEED APPLICATION 



TxC/RxC 



TxD/RxD 



■30> 



■(31> 



\- / \c / v_ 



■^ 



LOW SPEED APPLICATION (RS-232 COMPATIBLE) 
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<30> 



's^ r 






y 



(31) 



DATA A 



DATA B 



^^-^ 



RxC (TxG) 



<r (32) ^ 
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Figure 16. Serial Interface Timing 
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NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FRQM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 



Figure 17. Serial Interface Ecfio IMode Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta 



O'C to 70°C) 



Number 


Parameter 


Symbol 


Min 


Max 


Unit 


1 


R/W High to 02 High 


tRH2H 





_ 


ns 


2 


Address Valid to CS Low 


WSL 


30 


- 


ns 


3 


CS Low to 02 High 


*SL2H 


30 


- 


ns 


4 


02 High to Data Valid 


t2HDV 





140 


ns 


5 


02 Low to Data Invalid 


t2LDXR 


10 


150 


ns 


6 


02 Low to R/W Low 


t2LRL 


20 


- 


ns 


7 


02 Low to Address Invalid 


*2UI 


20 


- 


ns 


8 


R/W Low to 02 High 


tRL2H 





- 


ns 


9 


Data Valid to 02 Low 


tDV2L 


60 


- 


ns 


10 


02 Low to Data Invalid 


t2LDXW 





- 


ns 


11 


02 Low to R/W High 


t2LRH 


20 


- 


ns 


15 


DACK Low to 02 High 


tAL2H 


125 


- 


ns 


16 


02 Low to DACK High 


t2UH 


65 


- 


ns 


17 


DTS Low to 02 Low 


tsL2L 


60 


- 


ns 


18 


DACK Low to Data Valid, DONE Low 


Uldv 





140 


ns 


19 


02 Low to Data Invalid 


t2LDXDR 


10 


150 


ns 


20 


DACK, DONE Low to 02 High 


Ul2H 


125 


— 


ns 


21 


Data Valid to 02 Low 


tDV2L 


60 


- 


ns 


22 


02 Low to Data Invalid 


*2LDXDW 





- 


ns 


23 


02 Low to DACK, DONE High 


t2LDH 


65 


- 


ns 


30 


RxC and TxC Period 


tcP 


248 


- 


ns 


31 


TxC Low to TxD Delay 


tlCLTD 





200 


ns 


32 


RxC Low to RxD Transition (Hold) 


tRCLRD 





- 


ns 


33 


RxD Transition to RxC Low (Setup) 


tRDRCL 


30 


- 


ns 


34 


RxD to TxD Delay (Echo Mode) 


tRDTD 


- 


200 


ns 



MDCC1 






MPCC2 


TxC 
TxD 
RxC 
RxD 


RxC 
RxD 
TxC 
TxD 













HIGH SPEED INTERFACE 



MPCC1 



TxC 
TxD 
RxC 
RxD 



{>0— ^ Rx TIMING (DD) 



MODEM/DCE 



Rx DATA (BB) 
Tx TIMING (DA) 
Tx DATA (BA) 



LOW SPEED (RS-232) INTERFACE 



Figure 18. Serial Interface 



2-199 



R65560 



Multi-Protocoi Communications Controller (MPCC) 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


Operating Temperature 


Ta 


to +70 


°c 


Storage Temperature 


TsTG 


-55 to +150 


OC 



*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these 6r any other conditions above those Indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



THERMAL CHARACTERISTICS 



Parameter 


Symbol 


Value 


Rating 


Thermal Resistance 
Ceramic 
Plastic 


BjA 


50 
68 


oc/w 



OPERATING CONDITIONS 



Parameter 


Range 


Vcc Power Supply 


5.0V ±5% 


Operating Temperature 


0*Cto70*'C 



DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = O^C to /CC unless otherwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


Input High Voltage 
All Inputs 


V,H 


+ 2.0 


Vcc 


V 




Input Low Voltage 
All Inputs 


V,L 


-0.3 


+ 0.8 


V 




Input Leakage Current 
R/W, RES, CS 


l|N 


— 


10.0 


^ 


V,N = to 5.25V 
Vcc = 


Three-State (Off State) Input Current 
IRQ. D0-D7 


Ttsi 


— 


10.0 


M 


V,N = 0.4 to 2.4V 
Vcc = 5.0V 


Output High Voltage 
RDSR, TDSR, IRQ, D0-D7, DSR, DTR, RTS. 
TxD, TxC 


VOH 


Vss + 2.4 




V 


Vcc = 4.75V 
•load = -400/.A, 
Cload = 130pF 


BCLK 


VoH 


Vss + 2.4 


" 


V 


Vcc = 4.75V 
•load = 
Cload = 30 pF 


Output Low Voltage 
RDSR, TDSR, IRQ, D0-D7, DSR, DTR, RTS, 
TxD, TxC. BCLK 


Vol 


" 


0.5 


V 


Vcc = 4.75V 
'load = 3.2 mA 


DONE 










Vcc = 4.75V 


Internal Power Dissipation 


Pint 


- 


1 


w 


T;, = 25'>C 


Input Capacitance 


C,N 




13 


PF 


V,N = OV 
Ta = 25°C 
f = 1 MHz 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



«0 

) 




21 

20 


B 






p 






nr 















EB^Lu 



"5 



DIM 


MILUMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


s,« 


1.980 


2.030 


B 


14.73 


15.49 


0.580 


0.610 


C 


1.78 


3 05 


0.070 


0.120 


D 


0.38 


0.58 


0.015 


0.023 


F 


1.02 


165 


0.040 


0.065 


G 


2.29 


2.80 


0.090 


0.110 


J 


0.20 


0.38 


0.0O8 


0.015 


K 


3.18 


3.81 


0.125 


0.150 


L 


14.99 


16.51 


0.590 


0.650 


M 


-o» 


10° 


0- 


10° 


N 


0.58 


1.78 


0020 


0.070 



-Ikj 



Wi 



40-PIN PLASTIC DIP 



fyr\riririf^rtri f^rif\r\r\r\ririf\r\ri^ 



iJ\jyjiJ t j \ j \ J\JKJ f J\J\J\J\JlJKJKJUiji 



mmmmwmm^^ 



DIM 




_j«cKEs ; 


MIN 


MAX 


MIN 


MAX 


A 


5128 


52.32 


2.040 


2.060 


B 


13 72 


14.22 


0.540 


0560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


a 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


305 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 


M 


r 


10^ 


7° 


10° 


N 


0.51 


1.02 


0.020 


0.040 
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R65C02, R65C1 02, AND R65C1 1 2 
R65G00 MICROPROCESSORS (CPU) 



DESCRIPTION 

The 8-bit R65C00 microprocessor family of devices are pro- 
duced using CMOS silicon gate technology which provides 
advanced system arctiltecture for performance speed and system 
cost-effectiveness enhancements over their NMOS counter- 
parts, the R6500 family of microprocessor devices. 

Three CPU devices are available. All are software-compatible 
and provide 64K bytes of addressable memory, interrupt input, 
and on-chip clock oscillators and drivers options. All are bus- 
compatible with the NMOS R6500 family devices. 

The CMOS family includes two microprocessors (R65C02 and 
R65C102) with on-board clock oscillators and drivers and one 
microprocessor (R65G112) driven by external clocks. The on- 
chip clock versions are airned at high performance, low-cost 
applications where single phase inputs, crystal or RC inputs 
provide the time base. The slave processor version is geared 
for multiprocessor system applications where maximum timing 
control is mandatory. All R65G00 microprocessors are available 
in ceramic and plastic packaging, operating frequency of 1 MHz, 
2 MHz, 3 MHz and 4 MHz, and commercial and industrial 
temperature versions. All three devices are housed in 40-pin 
packages. 

ENHANCEMENTS OVER R6502 

The CMOS family of microprocessor devices has been designed 
with many enhancements over the R6502 NMOS device while 
maintaining software compatibility. Besides the increased speed 
and lower power consumption inherent in CMOS technology, 
the R65C00 family has added the following characteristics. 

• 12 new instructions for a total of 68 

• 59 new op codes, for a total of 210 

• Two new addressing modes 

• Seven software/operational enhancements 

• Two hardware enhancements 



FEATURES 

• CMOS silicon gate technology 

• Low Power (4mA/MHz) 

• Software compatible with R6502 

• Single 5V +5% power supply requirements 

• Eight bit parallel processing 

• Decimal and binary arithmetic 

• True indexing capability 

• Programmable stack pointer 

• Interrupt capability 

• Non-maskable interrupt 

• Eight-bit bidirectional data bus 

• Addressable memory range of up to 64K bytes 

• "Ready" input 

• Direct menfiOry access (DMA) capability 

• Memory lock output 

• 1 MHz, 2 MHz, 3 MHz, and 4 MHz versions 

• Choice of external or on-chip clocks 

• On-chip clock options 
—External single clock input 
—Direct crystal input (-^ 4) 

• Commercial and industrial temperature versions 

• Pipeline architecture 

• Slave processor version (R65C112) 

ORDERING INFORMATION 



Part Number: 

R65C02 

R65C102 

R65C112__ 



Temp. Range (Tl to Th) 

Blank = 0°C to +70°C 
E = -40°C to -l-85°C 

-Frequency Range 

1 = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

4 = 4 MHz 



- Package 
C = Ceramic 
P = Plastic 



Document No. 29651N52 



Product Description Order No. 2149 
Rev. 2, February 1984 
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FUNCTIONAL DESCRIPTION 

With the exception of a crystal oscillator, clock signals, Memory 
Latch (ML), and Bus Enable (BE) signals, the internal architec- 
ture of the three members of the R65CO0 CPU of devices is iden- 
tical. Figure 1 shows the block diagram of the R65C00 CPU 



internal architecture for all three devices. This block diagram 
supports the following text that describes the function of eacli 
of the device's major elements. 



REGISTER SECTION 



ADDRESS 
BUS 



AO " 
A1 ^ 
A2 - 
A3 " 
A4^ 
AS « 

A6 *• 
A7. 

A8^ 
A9 " 
A10« 
All . 
A12' 
A13« 
A14« 
A15* 



ABL 



ABH 



c 



INDEX 

REGISTER 

Y 



CO 



INDEX 

REGISTER 

X 



^ 



STACK 

POINT 

REGISTER(S) 



CO 



ALU 



I 



» 



ACCUMULATOR 
A 



CO 



o 



PCL 



PCH 



CO 
CO 



INPUT DATA 
LATCH (DL) ICO 



DATA BUS 
BUFFER 



CO 



NOTES: 

(1) R65C02 ONLY 

(2) R65C02, R65C102 ONLY 

(3) R65C102 ONLY 
(4)R65C112 0NLY 

(5) R65C102, R65C112 ONLY 



CONTROL SECTION 

Ris iio NMf 



iU 



INTERRUPT 
LOGIC 



in 






C:0 



liL 



PROCESSOR 

STATUS 
REGISTER P I 



T 



77 



mlw 



RDY 
^ SYNC 



o 



' XTLO<*) 



TIMING 
CONTROL 



CLOCK 
GENERATOR 



INSTRUCTION 
REGISTER 



A AiAAA A A A A A A A A A A 



XTU<®> 



-«- 00 IN, 02 INW 



.DO 



*D1 
^D2 
*D3 
>D4 



--►D5 
-►D6 
-^U7 



DATA 
BUS 



04 0UT(3) 
02 0UT<2) 
01 0UT(1) 

SO^ 
R/W 

bew 



LEGEND: 

II 8 BIT LINE 

f SINGLE LINE 



Figure 1. R65C00 Internal Architecture 
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CRYSTAL OSCILLATOR (R65C102 Only) 

The crystal oscillator, driven by a crystal across XTLO and XTAI, 
divides the Crystal frequency by four to provide the basic 02 
clock signal that drives the Internal clock generator. 

CLOCK GENERATOR 

The clock generator develops all internal clock signals, and 
(where applicable) external clock signals, associated with the 
device. It is the clock generator that drives the timing control 
unit and the external timing for slave mode operations. 

TIMING CONTROL 

The timing control unit keeps track of the Instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch 
is executed and is advanced at the beginning of each phase 
one clock pulse for as many cycles as is required to complete 
the instruction. Each data transfer which takes place between 
the registers depends upon decoding the contents of both the 
instruction register and the timing control unit. 

PROGRAM COUNTER 

The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 

Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (POL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 
8 bits. The counter is incremented each time an instruction or 
data is fetched from program memory. 

INSTRUCTION REGISTER AND DECODE 

Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instruction reg- 
ister, then decoded, along with timing and interrupt signals, to 
generate control signals for the various registers. 

ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the 
program counter). The ALU has no internal memory and is used 
only to perform logical and transient numerical operations. 

ACCUMULATOR 

The acbumulator is a general purpose 8-bit registerthat stores 
the results of most arithmetic and logic operations, and in 
addition, the accumulator usually contains one of the two data 
words used in these operations. 

INDEX REGISTERS 

There are two 8-bit index registers (X and Y), which may be 
used to count program steps or to provide an index value to be 
used in generating an effective address. 

When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base address. 



and modifies the address by adding the index register to it prior 
to performing the desired operation. Pffe- or post-indexing of 
indirect addresses is possible (see addressing modes). 

STACK POINTER 

The stack pointer is an 8-bit register used to control the 
addressing of the variable-length stack on page one. The stack 
pointer is automatically incremented and decremented under 
control of the microprocessor to perform stack mani pula tions 
under direction of either the program or interrupts (NMI and 
IRQ). The stack allows simple implementation of nested sub- 
routines Jand multiple level interrupts. The stack pointer should 
be initialized before any interrupts or stack operations occur. 

PROCESSOR STATUS REGISTER 

The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPU. The R65C00 
instruction set contains a number of conditional branch instruc- 
tions which are designed to allow testing of these flags. 

HARDWARE ENHANCEMENTS 

The R65C00 family of CPU devices have incorporated hardware 
enhancements over their NMOS counterpart, the R6502. These 
hardware enhancements are: 

• the NMOS device would ignore the assertion of a Ready 
(RDY) during a write operation. The CMOS family will stop 
the processor during 02 clock if RDY is asserted during a 
write operation. 

• O" th e NM OS device, unused Input-only pins (IRQ, NMI, 
RDY, RES, and SO) must be connected to a low imped- 
ance signal to avoid noise problems. These unused pins on 
the CMOS devices are internally connected by a high imped- 
ance to Vcc (approximately 250K ohms). 

MAJOR FEATURES AND DIFFERENCES 

The functional aspects of and differences between the micro- 
processor configurations are shown in Table 1 . 



Table 1. Family Comparison Chart 




Feature 


§ 


1 


«M 




a: 


°^ 


*= 


Pin compatible with NMOS R6502 


X 






64K addressable bytes of memory 


X 


X 


X 


IRQ interrupt 


X 


X 


X 


On-chip clock oscillator 


X 


X 




External clock only 






X 


TTL level single phase clock input 


X 


X 




RC time base clock input 


X 


X 




Crystal time base clock input 


X 


X 




Single phase clock input 






X 


Two phase output clock 


X 


X 




SYNC and RDY signals 


X 


X 


X 


Bus Enable (BE) signal 




X 


X 


Memory Lock (ML) output signal 




X 


X 


Direct Memory Access (DMA) capacity 




X 


X 


NMI interrupt signal 


X 


X 


X 
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PIN ASSIGNMENTS 

Figure 2 shows the pin assignments for the three members of 
the R65G00 CPU family. All three devices are housed in 40-pin, 
dual-in-line, ceramic or plastic packages. 



vss 




R65C02 




VSS 




R65C102 






R65G112 




d 


1 


40 


=>RES 


C^ 


1 


40 


=3 RES 


VSS c= 


1 


40 


-3 RES 


RDY 


CZ 


2 


39 


=3 02 (OUT) 


RDY 


■izr 


2 


39 


=3 02 (OUT) 


RDY cz 


2 


39 


=1 N.C. 


01 (OUT) 


c= 


3 


38 


=ISO 


04(OUT)CZ 


3 


38 


='S0 


N.C. CZ 


3 


38 


ZISO 


IRQ 


cz: 


4 


37 


=J0O(IN) 


IRQ 


cz 


4 


37 


='XTU 


IRQ c: 


4 


37 


Z} 02(IN) 


N.C. 


''CZ 


5 


36 


=3 N.C. 


ML 


cz 


5 


36 


ZDBE 


ML CZ 


5 


36 


Z3'BE" ' 


NMI 


d 


6 


35 


^ N.C. 


NMI 


c=; 


6 


35 


=> XTLO 


NMI C 


6 


35 


13 N.C. 


SYNC 


d 


7 


34 


=3R/W 


SYNC 


cz 


7 


34 


=|R/W 


SYNC C 


7 


34 


Z3 R/W 


VCC 


t= 


8 


33 


=100 


VCC 


cz 


8 


33 


Z3D0 


VCC CZ 


8 


33 


Z3 DO 


AO 


cz 


9 


32 


=3D1 


AO 


£=; 


9 


32 


=J D1 


AO C 


9 


32 


Z] 01 


A1 


cz 


10 


31 


=ID2 


A1 


[Z 


10 


31 


=3 D2 


A1 cz 


10 


31 


Z] D2 


A2 


^ 


11 


30 


=1D3 


A2 


cz 


11 


30 


=1 D3 


A2 CZ 


11 


30 


ZJ D3 


A3 


cz 


12 


29 


=3D4 


A3 


cz 


12 


29 


=) D4 


A3 c- 


12 


29 


Z3D4 


A4 


cz 


13 


28 


=3 D5 


A4 


cz 


13 


28 


=> 05 


A4 c 


13 


28 =3 D5 1 


A5 


iz: 


14 


27 


=1 D6 


A5 


cz 


14 


27 


=3 06 


A5 CZ 


14 


27 


Z106 


A6 


cz 


15 


26 


3D7 


A6 


cz 


15 


26 


=107 


A6 CZ 


15 


26 


ZI07 


A7 


cz 


16 


25 


I3A15 


A7 


cz 


16 


25 


=1 A15 


A7 EZ 


16 


25 


Z)A15 


A8 


CI 


17 


24 


Z1A14 


A8 


c 


17 


24 


=1 A14 


A8 C 


17 


24 


ZJ A14 


A9 


cz 


18 


23 


Z3A13 


A9 


cz 


18 


23 


Z3' A13 


A9 cz 


18 


23 


ZJA13 


A10 


cz 


19 


22 


Z3 A12 


A10 


cz 


19 


22 =3 A12 


A10 c= 


19 


22 Z3A12 


A11 


c 


20 


21 


Z3VSS 


All 


cz 


20 


21 


Z3 VSS 


All nz 


20 


21 ZIVSS 


Note: N.C. means no 


connection (not used) 














SIGNAL DESCRIPTIONS 



Figure 2. Pin Assignments 

CLOCK SIGNALS (R65C1 1 2) 



Reference the timing diagrams for the particular device in the 
following discussion. 



CLOCK SIGNALS (R65C02) 

The R65C02 requires an external 00 clock. 00 Is a TTL level 
input that is used to generate the internal clocks of the R65C02. 
Two full level output clocks are generated by the R65C02. The 
02 clock is in phase with 00. The 01 clock output is 1 80° out of 
phase with 00. When the input clock is stopped, the CPU is in 
the standby mode. 

For non-critical timing configurations, a simple RC or crystal 
network may be strapped between 00 (IN) and 01 (OUT). 

CLOCK SIGNALS (R65C1 02) 

The R65C102 Internal clocks may be generated by a TTL level 
single phase input, an RC time base input, or a crystal time base 
input (-r 4) using the XTLO and XTLI input pins. Two full level 
output clocks are generated by the R65C102. The 02 clock 
output provides timing for external R/W operations. Addresses 
are valid after the address setup time (tAos) referenced to the 
falling edge of 02 (OUT). The 04 output is a quadrature output 
clock that is delayed from the falling edge of the 02 clock by 
delay time tAvs- Using the 04 clock, addresses are valid at the 
rising edge of 04. 



All internal clock signals for the R65C1 12 are generated by the 
input clock signal 02 (IN). Since this device is intended to be 
operated in the slave mode it does hot have internal clock gen- 
eration, but rather requires the external clock 02 (IN) from a host 
device. 

ADDRESS BUS (A0-A15) 

A0-A15 forms a 16-bit address bus for memory and I/O 
exchanges on the data bus. The output of each address line is 
TTL compatible, capable of driving one standard TTL load and 
130pF. 

DATA BUS (D0-D7) 

the data lines (D0-D7) constitute an 8-bit bidirectional data bus 
used for data exchanges to and from the device and peripherals. 
The outputs are tri-state buffers capable of driving one TTL load 
and 130pF. 

BUS ENABLE (BE) 

This signal allows external^ntrol of the data and the address 
output buffers and R/W. For normal operation, BE 
is high causing the address buffers and R/W to be active 
and the data buffers to be active during a write cycle. For exter- 
nal control, BE Is held low to disable the buffers. BE is an asyn- 
chronous signal and therefore not related to, or controlled by 
the CPU internal clock signals. 
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INTERRUPT REQUEST (IRQ) 

This TIL compatible input requests that an Interrupt sequence 
begin within the microprocessor. The IRQ is sampled during 02 
operation; if the interrupt flag in the processor status register Is 
zero, the current instruction is completed and the interrupt 
sequence begins during 01 . The program counter and processor 
status register are stored In the stack. The micropro cesso r will 
then set the Interrupt mask flag high so that no further IRQs may 
occur. At the end of this cycle, the program counter low byte will 
be loaded from address FFFE, and program counter high byte 
from location FFFF, thus transferring program control to the 
memory vector located at these addresses. The RDY signal 
must be In the high state for any interrupt to be recognized. A 
3K ohm external resistor should be used for proper wire OR 
operation. 

MEMORY LOCK (ML) 

In a multiprocessor system, the ML output indicates the need 
to defer the rearbitration of the next bus cycle to ensure the 
integrity of read-modify-wrlte instructions. ML goes low during 
ASL. DEC, INC, LSR, ROL, ROR, TRB, TSB memory refer- 
encing instructions. This signal is low for the modify arid write 
cycles. 

NON-MASKABLE INTERRUPT (NMi) 

A negative-going edge on this input requests that a non-mask- 
able interrupt sequence be generated within the micropro- 
cessor. The NMI is sampled during 02; the current Instruction 
is completed and the interrupt sequence t>eglns during 01. The 
program counter Is loaded with the interrupt vector from loca- 
tions FFFA (low byte) and FFFB (high byte), thereby transferring 
program control to the non-maskable interrupt routine. 

NOTE 

Since this interrupt is non-maskable, another NMI can 
occur befor e the first is finished. Care should be taken 
when using NMI to avoid this. 

READY (RDY) 

This input allows the user to single-cycle the microprocessor on 
all cycles including write cycles. A negative transition to the low 
state, during or coincident with 01, will halt the microprocessor 
with the output address lines reflecting the current address 
being fetched. This condition will remain through a subsequent 



02 in which the ready signal Is low. This feature allows micro- 
processor interfacing with low-speed memory as well as direct 
memory access (DMA). 

READ/WRITE (R/W) 

This signal Is normally in the high state indicating that the 
microprocessor is reading data from memory or I/O bus. In the 
low state the data bus has valid data from the microprocessor 
to be stored at the addressed memory location. 

SET OVERFLOW (SO) 

A negative transition on this line sets the overflow bit (V) in the 
processor status register. The signal is sampled prior to the 
leading edge of 02 by the processor control time (tRws)- 

RESET (RES) 

This input resets the microprocessor. Reset must be held low 
for at least two clock cycles after Vcc reaches operating voltage 
from a power down. A positive transistion on this pin will then 
cause an initialization sequence to begin. Likewise, after the 
system has been operating, a low on this line of at least two 
cycles will cease microprocessi ng^c tivity, followed by initiali- 
zation after the positive edge on RES. 

When a positive edge is detected, there is an initialization 
sequence lasting six clock cycles. Then the interrupt mask flag 
is set, the decimal mode is cleared, and the program counter 
is loaded with the restart vector from locations FFFC (tow byte) 
and FFFD (high byte). This is the start location for program con- 
trol. This input should be high in normal operation. 

SYNCHRONIZE (SYNC) 

This output line identifies those cycles during which the micro- 
processor is fetching the instruction operation code (OP CODE). 
The SYNC line goes high during 01 of an OP CODE fetch and 
stays high for the remainder of that cycle. If the RDY line is 
pulled low during the 01 clock pulse in which SYNC went high, 
the processor will stop in its current state and will remain In the 
state until the RDY line goes high. In this manner, the SYNC 
signal can be used to control RDY to cause single instruction 
execution. 

OPERATIONAL ENHANCEMENTS 

Table 2 lists the operational enhancements that have been 
added to the CMOS family of CPU devices and compares the 
results with their NMOS R6502 counterpart. 



Table 2. CMOS Operational Enhancements 



Function 


NMOS R6502 Microprocessor 


CMOS R65C00 Family Microprocessor 


Indexed addressing across page boundary. 


Extra read of invalid address. 


Extra read of last instruction byte. 


Execution of invalid op codes. 


Some terminate only by reset. Results are 
undefined. 


All are NOPs (reserved for future use). 


Jump indirect, operand = XXFF. 


Page address does not increment. 


Page address Increments and adds one ad- 
ditional cycle. 


Read/modify/write instructions at effective 
addiess. 


One read and two write cycles. 


Two read and one write cycle. 


Decimal flag. 


Indeterminate after reset. 


Initialized to binary mode (D=0) after reset 
and Interrupts. 


Flags after decimal operation. 


Invalid N, V and Z flags. 


Valid flag adds one additional cycle. 


Interrupt after fetch of BRK Instruction. 


Interrupt vector is loaded, BRK vector is 
ignored. 


BRK Is executed, then interrupt is executed. 
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ADDRESSING MODES 

The R65C00 CPU family has 15 addressing modes (two more 
than the NMOS equivalent family). In the following discussion 
of these addressing modes, a bracketed expression follows the 
title of the mode. This expression is the term used in the Instruc- 
tion Set Op Code Matrix table (later in this product description) 
to make it easier to identify the actual addressing mode used 
by the instruction. 

ACCUMULATOR ADDRESSING [Accum]— This form of ad- 
dressing is represented with a one byte instruction, implying an 
operation on the accumulator. 

IMMEDIATE ADDRESSING [IMM]— In immediate addressing, 
the second byte of the instruction contains the operand, with no 
further memory addressing required. 

ABSOLUTE ADDRESSING [ABSl— in absolute addressing, the 
second byte of the instruction specifies the eight low order bits 
of the effective address while the third byte specifies the eight 
high order bits. Thus the absolute addressing mode allows 
access to the entire 64K bytes of addressable memory. 

ZERO PAGE ADDRESSING [ZP]— The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 

ZERO PAGE INDEXED ADDRESSING [ZP, X or Y]— (X, Y 

indexing)— This form of addressing is used with the index reg- 
ister and is referred to as "Zero Page, X" or "Zero Page, Y". 
The effective address is calculated by adding the second l:^e 
to the contents of the Index register. Since this is a form of "Zero 
Page" addressing, the content of the second byte references 
a location In page zero. Additionally, due to the "Zero Page" 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 

ABSOLUTE INDEXED ADDRESSING [ABS, X or Y]— (X, Y 

indexing)— This form of addressing is used in conjunction with 
X and Y index register and Is referred to as "Absolute, X" and 
"Absolute, Y". The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 
the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resulting in 
reduced coding and execution time. 



INDEXED ABSOLUTE INDIRECT [(ABS, X)]* 

The contents of the second and third instruction bytes are added 
to the X-register. The sixteen-bit result is a memory address con- 
taining the effective address. (JMP (ABS, X) only). 

IMPLIED ADDRESSING [Implied]— In the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation code of the instruction. 

RELATIVE ADDRESSING [Relative]— Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 

The second byte of the instruction becomes the operand which 
is an "Offset" added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is -128 to +127 bytes from the 
next instruction. 

INDEXED INDIRECT ADDRESSING [(IND, X)]— In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location In 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 

INDIRECT INDEXED ADDRESSING [(IND), Y]— In indirect 
indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 

ABSOLUTE INDIRECT [(ABS)]— The second byte of the instruc- 
tion contains the low order eight bits of a memory location. The 
high order eight bits of that memory location are contained in 
the third byte of the instruction. The contents of the fully specified 
memory location are the low order byte of the effective address. 
The next memory location contains the high order byte of the 
effective address which is loaded into the sixteen bits of the 
program counter. (JMP (ABS) only.) 

INDIRECT [(IND)]*— The second byte of the instruction con- 
tains a zero page address serving as the indirect pointer. 




NOTE 

*These addressing modes are not available to the NMOS CPU 
family (e.g., the R6502). 
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INSTRUCTION SET 

Table 3 lists the instruction set for the CMOS CPU family in 
alphabetic order according to mnemonic. Table 4 lists the hex- 
adecimal codes for each of the instructions that are new to the 
CMOS family and were not available in the NMOS R6502 device 



family. Table 5 lists those instructions that were available on the 
NMOS family, but have been assigned new addressing modes 
in the CMOS CPU family. 



Table 3. Alphabetic Listing of Instruction Set 



Mnemonic 


Function 


Mnemonic 


Function 


(2) ADC 


Add Memory to Accumulator with Carry 




NOP 


No Operation 


(2) AND 


"AND" Memory with Accumulator 








ASL 


Shift Left One Bit (Memory or Accumulator) 


(2) 


ORA 


"OR" Memory with Accumlator 


(1) BBR 


Branch on Bit Reset 




PHA 


Push Accumulator on Stack 


(1) BBS 


Branch on Bit Set 




PHP 


Push Processor Status on Stack 


BCC 


Branch on Carry Clear 


(1) 


PHX 


Push X Register on Stack 


BCS 


Branch on Carry Set 


(1) 


PHY 


Push Y Register on Stack 


BEQ 


Branch on Result Zero 




PLA 


Pull Accumulator from Stack 


(2) BIT 


Test Bits in Memory with Accumulator 




PLP 


Pull Processor Status from Stack 


BMI 


Branch oh Result Minus 


(1) 


PLX 


Pull X Register from Stack 


BNE 


Branch on Result hot Zero 


(1) 


PLY 


Pull Y Register from Stack 


BPL 


Branch on Result Plus 








(1) BRA 


Branch Always 


(1) 


RMB 


Reset Memory Bit 


BRK 


Force Break 




ROL 


Rotate One Bit Left (Memory or Accumulator) 


BVC 


Branch on Overflow Clear 




ROR 


Rotate One Bit Right (Memory or Accumulator) 


BVS 


Branch on Overflow Set 




RTI 
RTS 


Return from Interrupt 
Return from Subroutine 


CLC 


Clear Carry Flag 








CLD 


Clear Decimal Mode 




SBC 


Subtract Memory from Accumulator with Borrow 


CLI 


Clear Interrupt Disable Bit 




SEC 


Set Carry Flag 


CLV 


Clear Overflow Flag 




SED 


Set Decimal Mode 


(2) CMP 


Compare Memory and Accumulator 




SEI 


Set Interrupt Disable Status 


CPX 


Compare Memory and Index X 


(1) 


SMB 


Set Memory Bit 


CPY 


Compare Memory and Index Y 


(2) 


STA 
STX 


Store Accumulator In Memory 
Store Index X in Memory 


(2) DEC 


Decrement Memory by One 




STY 


Store Index Y in Memory 


DEX 


Decrement Index X by One 


(1) 


STZ 


Store Zero 


DEY 


Decrement Index Y by One 




TAX 


Transfer Accumulator to Index X 


(2) EOR 


"Excluslve-OR" Memory with Accumulator 




TAY 


Transfer Accumulator to fndex Y 






(1) 


TRB 


Test and Reset Bits 


(2) INC 


Increment Memory by One 


(1) 


TSB 


Test and Set Bits 


INX 


Increment Index X by One 




TSX 


Transfer Stack Pol nter to 1 ndex X 


INY 


Increment Index Y by One 




TXA 
TXS 


Transfer Index X to Accumulator 
Transfer Index X to Stack Register 


(2) JMP 


Jump to New Location 




TYA 


Transfer Index Y to Accumulator 


JSR 


Jump to New Location Saving Return Address 








(2) LDA 


Load Accumulator with Memory 








LDX 


Load Index X with Memory 








LDY 


Load Index Y with Memory 








LSR 


Shift One Bit Right (Memory or Accumulator) 










Notes: 










(1) Instruction not available on the NMOS fami 


y- 








(2) R6502 instruction with additional addressir 


ig mod 


e(s). 





2-208 



R65C02, R65C102, and R65C112 



R65C00 Microprocessors (CPU) 



Table 4. Hexadecimal Codes For New Instructions in The CMOS Family 



Hex 


Mnemonic 


Description 


80 


BRA 


Branch relative always [Relative] 


3A 


DEC 


Decrement accumulator [Accum] 


1A 


INC 


Increment accumulator [Accum] 


DA 


PHX 


Push X on stack [Implied] 


5A 


PHY 


Push Y on stack [Implied] 


FA 


PLX 


Pull X from stack [Implied] 


7A 


PLY 


Pull Y from stack [Implied] 


9C 


STZ 


Store zero [Absolute] 


9E 


STZ 


Store zero [ABS, X] 


64 


STZ 


Store zero [ZP] 


74 


STZ 


Store zero [ZP, X] 


1C 


TRB 


Test and reset memory bits with accumulator [ABS] 


14 


TRB 


Test and reset memory bits with accumulator [ZP] 


OC 


TSB 


Test and set memory bits with accumulator [ABS] 


04 


TSB 


Test and set memory bits with accumulator [ZP] 


89 


BIT 


Test Immediate with accumulator [IMM] 


0F-7P"" 


BBR 


Branch on bit reset [Bit Manipulation, ZP, REL] 


8F-FF"' 


BBS 


Branch on bit set [Bit Manipulation, ZP, REL] 


07-77'i> 


RMB 


Reset memory bit [Bit Manipulation, ZP] 


ey.pyd) 


SMB 


Set memory bit [Bit Manipulation, ZP] 


Note: 




1 . Most significant digit change only. 






Table 5. Hexadecimal Codes For Instructions With New CMOS Addressing Modes 



Hex 


Mnemonic 


Description 


72 


ADC 


Add memory to accumulator With carry [(IND)] 


32 


AND 


AND memory with accumulator [(IND)] 


3C 


BIT 


Test memory bits with accumulator [ABS, X] 


34 


BIT 


Test memory bits with accumulator [ZP, X] 


D2 


CMP 


Compare memory and accumulator [0ND)1 


52 


EOR 


Exclusive Or memory with accumulator [(IND)] 


7C 


JMP 


Jump (New addressing mode) [(ABS, X)] 


B2 


LDA 


Load accumulator with memory [(IND)] 


12 


ORA 


OR memory with accumulator [(IND)J 


F2 


SBC 


Subtract Memory from accumulator with borrow [(IND)] 


92 


STA 


Store accumulator in memory [(IND)] 
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INSTRUCTION SET OP CODE MATRIX 

The following matrix shows the 210 Op Codes associated with 
the R65C00 family of CPU devices. The matrix identifies the 
hexadecimal code, the mnemonic code, the addressing mode, 



the number of Instruction bytes, and the number of machine 
cycles associated with each Op Code. Also, refer to the insfPuc- 
tion set summary for additional information on these Op Codes. 



LSD 



BRK 

Implied 

1 7 


ORA 

(IND. X) 

2 6 






TSB 
ZP 
2 5 


ORA 
ZP 
2 3 


asl 

ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 

1 2 




TSB 
ABS 
3 6 


ORA 
ABS 
3 4 


ASL 
ABS 
3 6 


BBRO 

ZP 
3 5" 


BPL 
Relative 
2 2" 


ORA 

(IND), Y 
2 5* 


ORA 
(IND) 
2 5 




TRB 
ZP 
2 5 


ORA 
2 4 


ASL 
ZP, X 
2 6 


RMB1 
ZP 
2 5 


CLC 

Implied 
1 2 


ORA 
ABS, Y 

3 4* 


INC 

Accum 

1 2 




TRB 
ABS 
3 6 


ORA 
ABS, X 
3 4* 


ASL 

ABS, X 

3 7 


BBR1 

ZP 

3 5" 


JSR 
ABS 
3 6 


AND 

(IND, X) 

2 6 






BIT 
ZP 
2 3 


AND 
ZP 
2 3 


ROL 
2 5 


RMB2 
ZP 

2 5 


PLP 

Implied 

1 4 


AND 
IMM 
2 2 


ROL 

Accum 

1 2 




BIT 
ABS 
3 4 


AND 
ABS 
3 4 


ROL 
ABS 
3 6 


BBR2 
ZP 

3 5" 


BMI 
Relative 
2 2" 


AND 

(IND), Y 

2 5* 


AND 
(IND) 
2 5 




BIT 
ZP, X 
2 4 


AND 
ZP, X 

2 4 


ROL 
ZP, X 
2 6 


RMB3 
2 5 


SEC 

Implied 

1 2 


AND 
ABS, Y 
3 4* 


DEC 
Accum 
1 2 




BIT 
ABS, X 
3 4* 


AND 
ABS, X 
3 4* 


ROL 

ABS,X 

3 7 


BBR3 

ZP 
3 5" 


RTI 

Implied 

1 6 


EOR 

(IND, X) 

2 6 








EOR 
ZP 
2 3 


LSR 
ZP 
2 5 


RMB4 
ZP 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 

Accum 

1' 2 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 


BBR4 
ZP 

3 5** 


BVC 
Relative 
2 2" 


EOR 
(IND), Y 
2 5* 


EOR 

(IND) 
2 5 






EOR 
ZP, X 
2 4 


LSR 
ZP,X 
2 6 


RMB5 
ZP 
2 5 


CLI 

implied 

1 2 


EOR 
ABS, Y 
3 4* 


PHY 

Implied 

1 3 






EOR 
ABS, X 
3 4* 


LSR 
ABS, X 
3 7 


BBR5 

ZP 
3 5*' 


RTS 

Implied 

1 6 


ADC 
(IND, X) 
2 6t 






STZ 
ZP 
2 3 


ADC 

ZP 

2 3t 


ROR 
ZP 
2 5 


RMB6 
ZP 
2 5 


PLA 

Implied 

1 4 


ADC 
IMM 
2 2t 


ROR 

Accum 

1 2 




JMP 
(ABS) 
3 6 


ADC 
ABS 

3 4t' 


ROR 
ABS 
3 6 


BBR6 
ZP 

3 5" 


BVS 
Relative 
2 2" 


ADC 
(IND), Y 
2 5*t 


ADC 
(IND) 
2 5t 




STZ 
ZP,X 
2 4 


ADC 
ZP, X 

2 4t 


ROR 
ZP, X 
2 6 


RMB7 
ZP 
2 5 


SEI 

Implied 

1 2 


ADC 
ABS, Y 
3 4*t 


PLY 

Implied 

1 4 




JMP 

(ABS. X) 

3 6 


ADC 
ABS,X 
3 4*t 


ROR 
ABS, X 

3 7 


BBR7 
ZP 

3 5** 


BRA 
Relative 
2 3* 


STA 

(IND, X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 
2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 
1 2 


BIT 
IMM 
2 2 


TXA 

Implied 

1 2. 




STY 
ABS 
3 4 


STA 
ABS 
3 4 


STX 
ABS 
3 4 


BBSO 

ZP 
3 5" 


BCC 
Relative 
2 2" 


STA 

(IND), Y 

2 6 


STA 
(IND) 
2 5 




STY 
ZP, X 

2 4 


STA 
ZP, X 
2 4 


STX 
ZP, Y 
2 4 


SMB1 
ZP 
2 5 


TYA 

Implied 

1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied 
1 2 




STZ 
ABS 
3 4 


STA 

ABS,X 

3 5 


STZ 

ABS, X 

3 5 


BBS1 
ZP 

3 5" 


LDY 
IMM 
2 2 


LDA 

(IND, X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
ZP 
2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
2 5 


TAY 

Implied 
1 2 


LDA 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 
ZP 

3 5" 


BCS 
Relative 
2 2" 


LDA 

(IND), Y 

2 5* 


LDA 
(IND) 
2 5 




LDY 
ZP,X 
2 4 


LDA 
ZP. X 
2 4 


LDX 
ZP.Y 
2 4 


SMB3 
ZP 
2 5 


CLV 

Implied 
1 2 


LDA 
ABS, Y 
3 4* 


TSX 

Implied 

1 2 




LDY 
ABS, X 
3 4- 


LDA 
ABS, X 
3 4* 


LDX 
ABS,Y 
3 4* 


BBS3 
ZP 

3 5" 


CPY 
IMM 
2 2 


CMP 

(IND. X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 
1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 

ZP 
3 5" 


BNE 
Relative 
2 2" 


CMP 
(IND), Y 
. 2 5* 


CMP 
(IND) 
2 5 






CMP 
ZP, X 
2 4 


DEC 
ZP, X 
2 6 


SMB5 
ZP 
2 5 


CLD 

Implied 
1 2 


CMP 
ABS,Y 
3 4* 


PHX 

Implied 

1 3 






CMP 
ABS, X 
3 4* 


DEC 
ABS, X 
3 7 


BBSS 

ZP 
3 5" 


CPX 
IMM 
2 2 


SBC 

(IND, X) 
2 6t 






CPX 
ZP 
2 3 


SBC 
ZP 

2 3t 


INC 
ZP 
2 5 


SMB6 
ZP 
2 5 


INX 

Implied 
1 2 


SBC 
IMM 

2 2t 


NOP 

Implied 

1 2 




CPX 
ABS 

3 4 


SBC 
ABS 
3 4t 


INC 
ABS 
3 6 


BBS6 
ZP 

3 5" 


BEQ 
Relative 
2 2" 


SBC 
(IND), Y 
2 5*t 


SBC 
(IND) 
2 5t 






SBC 
ZP,X 

2 4t 


INC 
ZP,X 
2 6 


SMB7 
ZP 
2 5 


SED 
Implied 
1 2 


SBC 
ABS,Y 
3 4*t 


PLX 

Implied 
1 4 






SBC 
ABS, X 
3 4*t 


INC 

ABS.X 

3 7 


BBS7 
ZP 

3 5" 



I j — New Opcode 



BRK 

Implied 

1 7 



—OP Code 

—Addressing Mode 

—Instruction Bytes; Machine Cycles 



tAdd 1 to N if in decimal mode. 
*Add 1 to N if page boundary is crossed. 
**Add 1 to N if branch occurs to same page; 
Add 2 to N if branch occurs to different page. 
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65 


3 


2 






— 




. 










61 


6 


2 


71 


5 


2 


75 


4 


2 


7D 


4 


3 








79 


4 


3 








72 


5 


2 








N V . . . . Z C 


AND 


A M-A (1)^'" 


29 


2 


2 


2D 


4 


3 


25 


3 


2 




















21 


6 


2 


31 


5 


2 


35 


4 


2 


3D 


4 


3 








39 


4 


3 








32 


5 


2 








N Z . 


ASL 


c- n ij -? 








0E 


6 


3 


06 


5 


2 








0A 


2 


1 














- 






16 


6 


2 


IE 


7 


3 
































N Z C 


BBR [#(0-7)1 


Branch on (^^ = 




















0F- 
7F 


5 


3 






































































BBS m-7)] 


Branch on M^ = 1 




















8F- 
FF 


5 


3 






































































BCC 


Branch on C = (2) 










































































90 


2 


2 
















BCS 


Branch on C = 1 (2) 










































































80 


2 


2 
















BEQ 


Branch on Z = 1 (2) 










































































F0 


2 


2 
















BIT 


A>M(6) 


89 


2 


2 


2C 


4 


3 


24 


3 


2 
































34 


4 


2 


3C 


4 


3 
































M, M, ! ! ; ! Z ! 


BMI 


Branch on N = 1 (2) 




























. 














































30 


2 


2 
















BNE 


Branch on Z = (2) 










































































D0 


2 


2 
















BPL 


Branch on N=^ (2) 










































































10 


2 


2 
















BRA 


Branch Always (2) 










































































80 


3 


2 
















BRK 


Break 
































00 


7 


1 


























































BVC 


Branch on V = (2) 










































































50 


2 


2 
















BVS 


Branch on V = 1 (2) 










































































70 


2 


2 
















CLC 


0-C 
































16 


2 


























































'.'.'.'. \ '.'. 


CLD 


0-D 
































D8 


2 


1 
























































. . . . . . . 


CLl 


(J-l 
































58 


2 


1 
























































. . 


CLV 


la-v 
































B8 


2 


1- 
























































.0 


CMP 


A-M (1) 


C9 


2 


2 


CD 


4 


3 


C5 


3 


2 




















CI 


6 


2 


01 


5 


2 


D5 


4 


2 


DD 


4 


3 








D9 


4 


3 








D2 


5 


2 








N Z C 


CPX 


X-M 


E0 


2 


2 


EC 


4 


3 


E4 


3 


2 










































































N Z C 


CPY 


Y-M 


C0 


2 


2 


CC 


4 


3 


C4 


3 


2 










































































N Z C 


DEC 


M-1^M 








CE 


6 


3 


C6 


s 


2 








3^ 


2 


1 




















D6 


6 


2 


DE 


7 


3 
































N Z . 


DEX 


X-1-X 
































CA 


2 


1 
























































N Z .. 


DEY 


Y-1-Y 
































88 


2 


1 
























































N Z . 


EOR 


A\)iM-A (1) 


49 


2 


2 


4D 


4 


3 


45 


3 


2 




















41 


6 


2 


51 


5 


2 


55 


4 


2 


5D 


4 


3 








59 


4 


3 








52 


5 


2 








N Z . 


INC 


M + 1-M 








EE 


6 


3 


E6 


5 


2 








1A 


2 


1 




















F6 


6 


2 


FE 


7 


3 
































N Z . 


INX 


X + 1-X 
































E8 


2 


























































N Z . 


INY 


Y+1-Y 
































C8 


2 


1 
























































N Z . 


MP 


Jump to New Loc (8) 








4C 


3 


3 


















































7C 


6 


3 














6C 


6 


3 










JSR 


Jump Sub 








20 


6 


3 


















































































LDA 


M-A (1) 


A9 


2 


2 


AD 


4 


3 


A5 


3 


2 




















A1 


6 


2 


B1 


5 


2 


B5 


4 


2 


BD 


4 


3 








B9 


4 


3 








B2 


5 


2 








N !;."!.■ Z ." 


LDX 


M-X (1) 


A2 


2 


2 


AE 


4 


3 


A6 


3 


2 


















































BE 


4 


3 














86 


4 


2 


N Z . 


LDY 


M-Y fli 


A0 


2 


2 


AC 


4 


3 


A4 


3 


2 
































B4 


4 


2 


BC 


4 


3 
































N Z . 


LSR 
NOP 


0- 17 01 -C 








4E 


6 


3 


46 


5 


2 








4A 


2 


1 


EA 


2 


1 














56 


6 


2 


5E 


7 


3 
































^ z C 


No Operation 


ORA 


AVM-A (1) 


09 


2 


2 


00 


4 


3 


05 


3 


2 




















01 


6 


2 


11 


s 


2 


15 


4 


2 


ID 


4 


3 








19 


4 


3 








12 


5 


2 








N !!!".! z ! 


PHA 


A-Ms S-1-S 
































48 


3 




























































PHP 


P-Ms S-1-S 
































08 


3 




























































PHX 


X-Ms S-1-S 




























_ 




DA 


3 




























































PHY 


Y-Ms S-1-S 
































5A 


3 




























































PLA 


S+1-S Ms-A 
































68 


4 


























































N ! ! ! ! ! z ! 


PLP 


S+1-S Ms-P 
































28 


4 


























































(Restored) 


PLX 


S+1-S Ms-X 
































FA 


4 


























































N Z . 


PLY 


S+1-S Ms-Y 
































7A 


4 


























































N Z . 


RMBl#(0-7)] 

ROL 

ROR 


0-M„ (4) 








2E 
6E 


6 
6 


3 
3 


07- 
77 
26 
66 


5 
5 
5 


2 
2 
2 








2A 
6A 


2 
2 


1 
1 














. 






36 
76 


6 
6 


2 
2 


3E 
7E 


7 

7 


3 
3 
































N Z C 

N Z C 






RTI 


Rtrn Int 
































40 


6 


1 
























































(Restored) 


RTS 


Rtrn Sub 
































60 


6 


1 



























































SBC 


A-M C-A(1)(3)(5) 


E9 


2 


2 


ED 


4 


3 


E5 


3 


2 




















El 


6 


2 


F1 


5 


2 


F5 


4 


2 


FD 


4 


3 








F9 


4 


3 








F2 


5 


2 








N V . . . . Z C 


SEC 


































38 


2 


1 
























































1 


SED 


1-D 
































F8 


2 


1 


























































SEI 


1-1 
































78 


2 


1 


























































SMB[#(0-7}! 


1-M, (4) 














87- 
F7 


5 


2 












































































STA 


A-M 








8D 


4 


3 


85 


3 


2 




















81 


6 


2 


91 


6 


2 


95 


4 


2 


9D 


5 


3 








99 


5 


3 








92 


5 


2 










STX 


X-M 








8E 


4 


3 


86 


3 


2 




































































96 


4 


2 




STY 


Y-M 








8C 


4 


3 


84 


3 


2 
































94 


4 


2 








































STZ 


0-M 








9C 


4 


3 


64 


3 


2 
































74 


4 


2 


9E 


5 


3 


































TAX 


A-X 
































AA 


2 


1 
























































N ;!'.!! z ; 


TAY 


A-Y 
































A8 


2 


1 
























































N Z . 


TRB 


SAM-M 








1C 


6 


3 


14 


5 


2 










































































Z . 


TSB 


A V M-M 








0C 


6 


3 


04 


5 


2 










































































Z . 


TSX 


S-X 
































BA 


2 


] 
























































N Z . 


TXA 


X-A 
































8A 


2 


1 
























































N Z . 


TXS 


X-S 
































9A 


2 


1 


























































TYA 


Y-A 




























L- 




98 


2 


1 




L_ 


L- 














L 


^ 




















^ 














N .'!!!! z ! 



Notes: 

t. Add 1 to N if page boundary is crossed. 
2. Add 1 to N if branch occui^ to same page. 

Add 2 to NJf branch occurs to different page, 
a Carry not (C) = Borraw. 

4. Effects 8-bit data field of the specified zero page address. 

5. Add 1 to N if in Decimal Mode. 

6. On the Bit immediate instruction, the results of the M^ and Mg bits (N and V flags) are indeterminate and should be considered invalid. 

7. If in Decimal Mode, Z flag is invalid. Accumulator must be checked for zero result. 
8 MP (OP Code 6C} is an Absolute Indirect Addressing Mode <ABS). 



LEGEND 

X = Irxtex X 

Y = Index Y 

A = Accumulator 

M = Memory per effective address 

Ms = Memory per stack pointer 

Mb = Selecter zero page memory t)it 

M7 = Memory Bit 7 



z 


31 


CO 


o> 


H 


cn 


7} 





C 





^ 


10 


—4 







31 


Z 


Si 


CO 

"1 





H 





J2 


!^ 


c 




^ 


fl> 


> 


E. 


31 


J} 


-< 


a> 



M, = Memory Bit 6 

• = Add 

- = SutJtract 

A = And 

V = Or 

V- = Exclusive or 

n = timber, of cycles 

# = Number of Bytes 
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R65C02, R65C102, and R65C112 



R65C00 Microprocessors (CPU) 



AC CHARACTERISTICS 












Parameter 


Symbol 


1 MHz 


2 MHz 


3 MHz 


4 MHz 


Unit 


Min 1 Max 


Min J Max 


Min I Max 


Min 1 Max 



CLOCK TIMING 



02 Cycle Time 


tcYC 


1000 


Note 1 


500 


Notel 


333 


Notel 


250 


Note 1 


ns 


02 Low Pulse Width 


tcL 


430 


5000 


210 


5000 


150 


5000 


100 


5000 


ns 


02 High Pulse Width 


tCH 


450 


_ 


220 


- 


160 


— 


110 


— 


ns 


00 Low to 02 Low Skew(2) 


tSK2 


— 


50 


- 


50 




40 


- 


30 


ns 


02 Low to 01 High Skew<3> 


tsKi 


-20 


20 


-20 


20 


-20 


20 


-20 


20 


ns 


XTLI High to 02 Low(*' 


tpxi 


— 


100 


- 


100 


- 


100 


_ 


100 


ns 


XTLO Low to 02 LowW 


^DXC 


_ 


75 


- 


75 


_ 


75 


- 


75 


ns 


02 Low to 04 High DelayW 


Uvs 


250 


— 


125 


__ 


85 


— 


65 


ns 




04 Low Pulse WidthW 


w 


430 


— 


210 


- 


150 


— 


100 


— 


ns 


04 High Pulse Width^ 


t04H 


460 


5000 


220 


5000 


160 


5000 


110 


5000 


ns 


Clocl( Rise and Fall Times 


tR, tp 


— 


25 


- 


20 


- 


15 


- 


12 


ns 



READ/WRITE TIMING 



R/W Setup Time 


tRWS 


_■;-' . 


125 


— 


100 


-» 


75 


— 


60 


ns 


R/W Hold Time 


^HRW 


15 


- 


15 


- 


15 


_ 


15 


- 


ns 


Address Setup Time 


Uds 


— 


125 


_- 


100 


_ 


75 


_n 


60 


ns 


Address Valid to 04 High<'*) 


tA04 


100 


- 


25 


_ 


10 


— 





— 


ns 


Address Hold Time 


tHA 


15 


— 


15 


— 


15 


- 


15 


— 


ns 


Read Access Time 


tACC 


775 


- 


340 


-« 


215 


. — 


160 


— 


ns 


Read Data Setup Time 


*DSU 


100 


__ 


60 


— 


40 


"~ 


30 


— 


ns 


Read Data Hold Time 


tHR 


10 


— 


10 


- 


10 




10 


_ 


ns 


Write Data Delay Time^^) 


tMDS 


- 


200 


-- 


110 


- 


85 


— 


65 


ns 


Write Data Delay Time<'*) 


bow 


— 


200 


_ 


110 


— 


85 


— 


55 


ns 


Write Data Delay Time<®) 


bDl2 


— 


450 


_ 


235 


— 


170 


_ 


120 


ns 


Write Data Hold Time 


tnw 


30 


~ 


30 


- 


30 


- 


30 


- 


ns 



CONTROL LINE TIMING 



SYNC Delay 


tsYS 


— ; 


125 


- 


100 


— 


75 


-- 


60 


ns 


RDY Setup Time 


tRDS 


200 


_ 


110 


- 


80 


_ 


60 


- 


ns 


SO Setup Time 


*sos . 


75 


— 


50 


->. 


40 


— 


30 


■ . :— 


ns 


ML Delay Time(5) 


^MLs 


_ 


125 


— 


100 


- 


75 


— 


60 


ns 


ML Hold Timet-*) 


t^iLH 


10 


_ 


10 


_ 


10 


— 


10 


— 


ns 


ML Hold Timers) 


tMLH 


15 


— 


15 


- 


. 15 


-_ 


16 


- 


ns 


BE Delay Time(5)(9) 


tSE 


— 


40 


-- 


40 




40 




40 


ns 


BE Setup Time(5)(9) 


tev 


_ 


60 


- 


60 


-> 


60- 


- 


60 


ns 


IRQ, RES Setup Time 


tis 


200 


- 


110 


-. 


80 


- 


60 


^ 


ns 


NMI Setup Time 


^NMI 


200 


— 


150 


— 


100 


_ 


70 


_ 


ns 


Noties: 

1. R65C02 and R65C102 minimum operating frequency Is limited by 02 low pulse width. All processors can be stopped with 02 held high. 

2. R65C02 only. 

3. R65C02 and R65C102 only. 

4. R65G102 only. 

5. R65C102 and R65C112 only. 

6. R65C112 only 

7. Voltage levels shown are Vl < 0.4V and Vh & 2.4V unless otherwise stated. 

8. Measurement points shown are 0.8V (low) and 2.0V (high) for Inputs and 1.5V (low and high) for outputs, unless otherwise specified. 

9. BE signal is asynchronous. 
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00 (IN) 



tR— ^ 



I 



\ 





-^ 


f*-*DLY 






\ 












01 (OUT) 


7 


- ,:' 


^ 






*— toLYI — 


fell 


^ t„ 


.1 




tF 




1 


; " tcH 








, 1 






02 (OUT) 


^ 


- if 


-3 . 

READ (R/W = HIGH) ^ 


r 






II 
— tADS 


h* *HA» ^HRW 




• 


A0-A15, RM 
SYNC 


) 




WRITE (R/W = LOW) 


X 










J „ ^ 


^ 




1 








tosu — ^ 


*-tHR 


D0-D7 
(OPAD)- 


)65$$^^5?^^$S?^^5^??^ 


S^^^^^j^^^^^^^^; 




\i^mm 






^ ■ tnpn** 










J 


r*- DATA VALID — ► 


*- tMDS - 






*HW 


D0-D7 
(WRITER 


-1 




pi^SS^^ 


r 




m^», 








ir- 


-t„LS 




1 


.. L 




■ 




triML 




ML 




t 






:&( 






T 






^ 


T 






RDYAuiiVfc 1 






ROY, IRQ 
NMI.RES 


> 


>( IRQ, NMI, RES ACTIVE 


X 






1 








- — tsos __j 


^, 


"*-tNMI 




1 




ktRDS 


SO 




5 


' 






tBE-, 
J 


^ 


*- 






*-tBE 


BE* 


t 




-^tBV 


J - 

N 





NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGE OF 2.4 VOLTS AND A LOW OF 0.5 VOLTS. 
*ML (MEMORY LOCK) AND BE (BUS ENABLE) NOT APPLICABLE TO R65C02. 




Figure 3. Timing Diagram for the R65C02 and R65C112 
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XTLO 



(OUT) ^ 

-1 



02 (OUT) 



"^- 



04 (OUT) 



*HRW» *HA - 



R/W, SYNC, 
A0-A15, ML* 



D0-D7 
(READ) 

D0-D7 
(WRITE) 



y v.^/^^, ^"A / V 



-toxo 



so 



RDY, IRQ, 
NMl, RES 



BE* 




X 



RDY ACTIVE 



tBI 



7" 



IRQ, NMl AND R ES ACTIVE 

~n^=n 



\ 



tis- 



X 



■tBE 



*NMI -*■ 

'rds-»- 



■<— tev 
NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGfE OF 2.4 VOLTS AND A LOW OF 0.5 VOLTS. 



Figure 4. Timing Diagram for the R65C102 



CRYSTAL/CLOCK CONSIDERATIONS 

CRYSTAL/CLOCK CIRCUITS 

Figure 5 shows a time base generation scheme, for 4 MHz opera- 
tion of the R65C02, that has been tested and proven reliable for 
normal environments. As with any clock oscillator circuit, stray 
capacitance due to board layout can cause unpredictable results 
requiring "fine tuning" of the circuit. Figure 6 shows a possible 
external clocl< scheme for a R66C102 and R65C112 master/slave 
configuration. Table 6 identifies nominal crystal parameters for 
five crystal frequencies. 



Table 6. Nominal Crystal Parameters 



FREQ 


3.58 


4.0 


6.0 


8.0 


16.0 


MHz 


RS 
CO 
01 
Q 


60 
3.5 
.015 
740K 


50 
6.5 
.025 
730K 


30-50 

4-6 

.01-.02 

720K 


20-40 

4-6 
.01-.02 
720K 


10-30 

3-5 

.01-.02 

720K 


n 

PF 
PF 
K 


Note: These represent at 
be used. 


■cut crystal parameters only. Others may 



2-214 



R63C02, R65G1 02, and R65C1 1 2 



R65C00 Microprocessors (OPU) 



1.5K 



7404 



'^>- 



3.0K 



7404 



^> 



5 15K 



^Dh 



7404 



■[>^^ 



XTAL* 



f (IN) 
R65C02 
02/OUT) 



39 



02 



NOTES: ^CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT. 
**SEE CAUTION FOR STANDBY OPERATION. 




Figure 5. Example of R65C02 Time Base Generation 



R65C112 
(SLAVE MODE) 



02iN._Lfl— I 
:) 37^^39 



02(OUT) R65C102 
XTLI XTLO 



37 



ClN 



•HDh' 



35 



p 


CIN 


COUT 


02 


16 MHz 
8 MHz 
6 MHz 
4 MHz 


16 pF 
18pF 
20 pF 
24 pF 


16 pF 
18 pF 
20 pF 
24 pF 


4 MHz 

2 MHz 

1.5 MHz 

1 MHz 



THE OSCILLATOR IN THE R65C102 IS SERIES RESONANT. 

THE CRYSTAL INPUT IS DIVIDED BY 4: (R65C102 ONLY) 

*n XTAL 
02=-^j- 

SEE CAUTION FOR STANDBY OPERATION. 



Figure 6. Example of External Clock for R65C102 



STOPPING THE CLOCK-STANDBY l\/IODE 

Caution must be exercised when configuring the R65C02 
or R65C112 in the standby mode (i.e., 00 IN or 02 IN clock 
stopped). The input cioci< can be held in the high state indefi- 
nitely; however, if the input clock is held in the low state longer 
than 5 microseconds, internal register and data status can be 
lost. Figure 7 shows a circuit that will stop the 00 IN (R65C02) 
or 02 IN (R65C112) clock in the high state during standby mode. 



STOP_ 
L= STANDBY 
H = ACTIVE 

TIME- 
BASE 
(SEE 
FIGURES**) 



S Q 
ID 

HC74 
+ 5V 



^^O^ 



I (IN)1 
r(iN) 

CPU 
02(OUT) 



SYNC 



NOTE: 

1.R65C02 = 00 (IN) 
R65C112 = 02 (IN) 



Figure 7. Standby Mode Circuit 
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MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0-3 


Vdc 


Output Voltage 


VouT 


-0.3 to Vcc +0-3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


to +70 
-40 to +85 


°C 


Storage Temperature 


TsTQ 


-56 to +150 


*>C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


0*to70°C 
-40°C to +85*'C 



*Note 

Stresses above those listed may cause pernnaneht damage to 
the device. This is a stres^ rating only and functional operation 
of the device at these or any other conditions above those 
indicated in other sections of this document is not implied. 
E^cposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC CHARACTERISTICS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input High Voltage 
All Other Input Pins 

' 0OonR65CO2 
02 on R65C112 


V,H 


2.0 

2.4 

Vcc - 0.4 




Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


■ V'y 




Input Low Voltage 
All Other Input Pins 
00 on R65C02 
02onR65Cl12 


V,L 


-0.3 
-0.3 
-0.3 




+ 0.8 
+ 0.4 
+ 0.4 


V 




Input Leakage Current 
NMI, IRQ, BE, RDY, RES, SO 
02 IN, 00 IN, XTLI 


llN 


- 




-50 
1.0 


/tA 


V|N = OV to 5.26V 
Vcc = OV 


Three-State (Off State) Input Current 
Data Lines 


•is. 


' 




10 


f^A 


V,N « 0.4V to 2.4V 
Vcc = 5.25V 


Output High Voltage 
SYNC, Data, A0-A15, R/W, 01, 02, 04, ML 


Vqh 


2.4 




- 


V 


Vcc = 4.75V 
'load = -100/iA 


Output Low Voltage 
SYNC, Data, A0-A15, R/W, 01, 02, 04, ML 


Vol 


- 




+ 0.4 


V 


Vcc = 4.75V 
•load = 1 -6 mA 


Supply Current 
Standby-* 
Active (R65C02) 
Active (R65G1 02) 
Active(R65C112) 
Low Power (R65C02) 
Low Power (R65C102) 
Low Power (R65C1 12) 


'cc 


- 


2 

2.6 

5 

2 

1.1 

3 

0.7 


10 
4 

.■.■■■■■■ 7 ■■ 
4 
2 
4 
1 


mA/MHz 
mA/MHz 
mA/MHz 
mA/MHz 
mA/MHz 
mA/MHz 


Ycc«5.0V 

RDY = 
RDY = 


Capacitance 
NMI. IRQ, SO, BE, RDY 
Data, 01,02, 04, ML, XTLO 
A0-A15, R/W, SYNC 
00 (IN), XTLI 
02(IN) 


I 

Cqut 
Co 


— 




7 
10 

10 
30 


PF 


Vcc = 5.0V 
V,N = OV 
f =1 MHz 
Ta-25°C 


Notes: 

1 . All units are direct current (dc). 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. IRQ and' NMI require external pull-up resistor. 

4. Typical values are shown for Vcc = 5.0V and T,> = 25°C. 
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PRELIMINARY 



DESCRIPTION 

The R65C21 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problenns in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When cou- 
pled with the power and speed of the R6500, R6500/* or R65C00 
family of microprocessors, the R65C21 allows implementation 
of very complex systems at a minimum overall cost. 

Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to "handshake" data between 
the processor and a peripheral device. 

ORDERING INFORMATION 

The R65C21 is available in both a ceramic and a plastic 40-pin 
package, a commercial or industrial operating temperature range, 
and operating frequencies of 1 , 2, 3, or 4 MHz. These versions 
are coded into the part number as follows: 



Part Number: 
R65C21_„ 

I- Temperature Range (TLto Th): 
Blank =0°C to +70°C 
E = -40°Cto +85°C 

I— Frequency Range: 
1 =1 MHz 
2=2 MHz 

3 = 3 MHz 

4 =4 MHz 

-Package: 

C = Ceramic 
P = Plastic 



FEATURES 

• Low power CMOS N-well silicon gate technology 

• Direct replacement for NMOS R6520 or MC6821 PIA 

• Two 8-bit bidirectional I/O ports with individual data direction 
control 

• Automatic "Handshake" control of data transfers 

• Two interrupts (one for each port) with program control 

• 1,2, 3, and 4 MHz versions 

• Commercial and industrial temperature range versions 

• 40-pin plastic and ceramic versions 

• 5 volt ±5% supply requirements 

• Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 
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Figure 1 . R65C21 Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The R65C21 PIA is organized into two independent sections 
referred to as the A Side and the B Side. Each section consists 
of a Control Register (CRA.CRB), Data Direction Register 
(DDRA, DDRB), Output Register (ORA, ORB), interrupt Status 
Control (ISCA, ISCB), and the buffers necessary to drive the 
Peripheral Interface buses. Data Bus Buffers (DBB) interface 



data from the two sections to the data bus, while the Data Input 
Register (DIR) interfaces data from the DBB to the PIA registers. 
Chip Select and R/W control circuitry interface to the processor 
bus control lines. Figure 2 is a block diagram of the R65C21 
PIA. 



IRQA 




DATA BUS 

BUFFER 

(DBB) 



I 



£ 



INTERRUPT STATUS 
CONTROL A (ISCA) 




CA1 
CA2 



CONTROL 
REGISTER A 
(CRA) 



lOUTPUT bus: 



DATA INPUT 

REGISTER 

(DIR) 



CSO- 
CS1 
€S2- 
RSO- 
RS1 ■ 
R/W • 

02 
RES- 



IRQB 



— ^ — ^ 

— — fc 


CHIP 
SELECT 
&R/W 
CONTROL 


^ 











PERIPHERAL 
OUTPUT 
REGISTER A 
(ORA) 



PERIPHERAL 
OUTPUT 
REGISTER B 
(ORB) 



c> 



15 



IINPUT bus: 



CONTROL 
REGISTER B 
(CRB) 

~Tz: 



DATA DIRECTION 
REGISTER A 
(DDRA) 



I 



PERIPHERAL 
INTERFACE 
BUFFER A 
(PIBA) 



PERIPHERAL 
INTERFACE 
BUFFER B 
(PIBB) 



I 




DATA DIRECTION 
REGISTER B 
(DDRB) 



INTERRUPT STATUS 
CONTROL B (ISCB) 



CB1 
CB2 



Figure 2. R65C21 PIA Block Diagram 



2-218 



R65C21 



Peripheral Interface Adapter (PIA) 



DATA INPUT REGISTER (DIR) 

When the microprocessor writes data into the PIA, the data 
which appears on the data bus during the 02 clock pulse Is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 

CONTROL REGISTERS (CRA AND CRB) 

Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc: 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (CA1 , CA2, CB1 , 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 

DATA DIRECTION REGISTERS (DDRA, DDRB) 

The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
iDe either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a "0" in a bit position in the Data Direction Register causes the 
corresponding Peripheral I/O line to act as an input; a "1" 
causes it to act as an output. 

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a "1," a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a"0," a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RSI) selects the various internal registers as shown in 
Table 2. 

In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 



PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 

The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 

INTERRUPT STATUS CONTROL (ISCA, ISCB) 

The four interrupt/peripheral control lines (CA1 , CA2, CB1 , CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 

PERIPHERAL I/O PORTS (PA0-PA7, PB0-PB7) 

The Peripheral A and Peripheral B I/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 

Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 

The buffers which drive the Peripheral A I/O lines contain "pas- 
sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 m A, making these 
buffers capable of driving two standard TTL loads. 

In the input mode, the pull-up devices are still connected to the 
I/O pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 

The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 




Table 1. Control Registers Bit Designations 



CRA 



CRB 



7 


6 


5 4 3 


2 


1 


IRQA1 


IRQA2 


CA2 Control 


DDRA 
Access 


CA1 Control 








7 


6 


5 4 3 


2 


1 


IRQB1 


IRQB2 


082 Control 


DDRB 
Access 


CB1 Control 
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The Peripheral B I/O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than + 2.4V. 

Another difference between the PA0-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a "high" state or are above 
0.8 volts for a "low" state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 3.2 milliamperes at 1 .5 volts to directly drive 
the base of a transistor switch, such as a Darlington pair. 

Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 

The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B I/O lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 

DATA BUS BUFFERS (DBB) 

The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the D0-D7 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 

INTERFACE SIGNALS 

The PIA interfaces to the R6500, R6500/* or the R65C0O micro- 
processor family with a reset line, a 02 clock line, a read/write 
line, two Interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 

The PIA interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. 



Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 

CHIP SELECT (CSO, CS1, CS2) 

The PIA is selected when CSO and GS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the contents of Control Registers A and B. 

RESET SIGNAL (RES) 

The R eset ( RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 

CLOCK SIGNAL (02) 

The Phase 2 Clock Signal (02) is the system clock that triggers 
all data transfers between the CPU and the PIA. 02 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 

READ/WRITE SIGNAL (R/W) 

Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIA. 

REGISTER SELECT (RSO, RS1) 

The two Register Select lines (RSO, RSI), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1 , bit 2) select the various R65C21 registers to 
be accessed by the CPU. RSO and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 
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Figure 3. Interface Signals Relationship 
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Registers (CRA, CRB) the Data Direction Registers (DDRA, 
DDRB) and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 

Table 2. ORA and ORB Register Addressing 



Register 

Address 

(Hex) 


Register 
Select Lines 


Data Direction 
Control 


Register Operation 


RSI 


RSO 


CRA 
(Bit 2) 


CRB 
(Bit 2) 


R/W=H 


R/W=L 




1 
2 
2 
3 


L 
L 
L 
H 
H 
H 


L 
L 
H 

L 
L 
H 


1 



1 



Read PIBA 
Read DDRA 
Read CRA 
Read PIBB 
Read DDRB 
Read CRB 


Write ORA 
Write DDRA 
Write CRA 
Write ORB 
Write DDRB 
Write CRB 



by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bits. 

Also, both bit 6 and bit 7 of CRB are reset by a " Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 3. 

Table 3. IRQA and IRQB Control Summary 



Control Register Bits 


Action 


CRA-7=1 andCRA-0=1 


IRQA goes low (Active) 


CRA-6=1 andCRA-3=1 


IRQA goes low (Active) 


CRB-7=1 and CRB-0=1 


IrQB goes low (Active) 


CBB-6=1 and CRB-3=1 


IRQB goes low (Active) 


Note: 

The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 




INTERRUPT REQUEST LINES (IRQA, IRQB) 

The active low Interrupt Request lines (IRQA and IRQB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain ahd are 
capable of sinking 1 .6 milliamps from an external source. This 
permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. 

Each Interrupt Request line has two interrupt flag bits which can 
cause the interrupt Request line to go low. These flags are bits 
6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1 , 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1 , CA2, 
CB1,CB2). 

CRA bit 7 (IRQA1) is always set by an ac tive transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 

Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the p rocessor to read 
the Peripheral A I/O port. A summary of IRQA control is shown 
in Table 3. 

Control of IRQB is perfo rmed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 



INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1,CA2, CB1,CB2) 

The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PA0-PA7, PB0-PB7). Figure 4 summarizes the operation of 
these control lines. 

GA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the ContrpI Register A to a logic 1 . 
The active transition can be programmed by setting a "0" in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a "1" if it is to be set 
on a positive transition. 

NOTE: 

A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 

CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1 . The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 

In the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A I/O port. This mode 
is selected by setting CRA, bit 4 to a and CRA, bit 3 to a 1 . 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 
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CA2 INPUT MODE (BIT 5 = 0) 
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IRQA1 

POSITIVE 

TRANSITION 


IRQA 
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CA2 
CONTROL 


IRQA/IRQA1 
CONTROL 



CA2 INPUT OR OUTPUT MODE (BITS = or 1) 



BH7 IRQA1 FLAG 

1 A transi tion h as occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output 
A.or'by'RES:'' ■' 

No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER A SELECT 

1 Select Output Register A. 

Select Data Direction Register A. 

Bit1 IRQA1 POSITIVE TRANSITION 

1 Set IRQ A1 Flag (bit?) on a positive (low-to-high) transition of CA1. 

Set IRQA1 Flag (bt 7) on a negative (high-to-low) transition of CA1 . 

BitO iRiQA ENABLE FOR IRQA1 

1 Enable assertion of I RQA when IRQA1 Flag (bit 7) is set. 
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 



CA2 INPUT MODE (BIT 5 = 0) 



CA2 OUTPUt MODE (BIT 5 = 1) 



Bite IRQA2FLAG 

1 A transition has occurred on CA2 that satisfies the bit 4 
IRQA2 transition polarity criteria. This fl ag is cleared by 
a read of Output Register A or by RES. 

No transition has occurred on CA2 that satisfies the bit 
4 IRQA2 transition polarity criteria. 

Bit 5 CA2 MODE SELECT 

Select CA2 Input Mode. 

Bit 4 IRQA2 POSITIVE TRANSmON 

1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of CA2. 

Set IRQA2 Flag (bit 6) on a negative (high-to-low) 
transition of CA2. 

Bit 3 JRQA ENABLE FOR IRQA2 

1 Enatile assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 

Disable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 



Bite NOT USED 

Always zero. 

Bits CA2 MODE SELECT 

1 Select CA2 Output Mode. 

Bit 4 CA2 OUTPUT CONTROL 

1 CA2 goes low when a zero is written into CRA bit 3. 
CA2 goes high when a one is written into CRA bit 3. 

CA2 goes low on the first negative (high-to-low) 02 
clock transition following a read of Output Register A. 
CA2 returns high as specified by bit 3. 

Bit 3 CA2 READ STROBE RESTORE CONTROL (4 = 0) 

1 CA2 returns high on the next 02 clock negative 
transition following a read of Output Register A. 

CA2 returns high on the next active CA1 transition 
following a read of Output Register A as specified by 
bit 1. 



Figure 4. Control Line Operations Summary (1 of 2) 
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GB2 OUTPUT 

MODE SELECT 

(=1) 


CB2 
OUTPUT 
CONTROL 


CB2 
RESTORE 
CONTROL 


ORB 
SELECT 


IRQB1 

POSITIVE 

TRANSITION 


IRQB 

ENABLE 

FORIRQB1 


CB2 
CONTROL 


IRQB/IRQB1 
CONTROL 



CB2 INPUT OR OUTPUT MODE (BIT 5 = or 1) 



Bit 7 IRQB1 FLAG 

1 A transi tfon h as cx^curred oh CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 
B or by RES. 

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER B SELECT 

1 Select Output Register B. 

Select Data Direction Register B. 

Biti IRQBI POSITIVE TRANSITION 

1 Set IRQBI Flag (bit 7) on a positive (low-to-high) transition of CB1 . 

Set IRQBI Flag (bit 7) on a negative (high-to-low) transition of CB1 . 

BItO IRQB ENABLE FOR IRQBI 

1 Enable assertion of I RQB when IRQB1 Flag (bit 7) is set. 
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 



CB2 INPUT MODE (BIT 5=0) 



CB2 OUTPUT MODE (BIT 5 = 1) 



Bite IRQB2FLAG 

1 A trahsition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity Criteria. This fl ag is cleared by 
a read of Output Register B or by RES. 

No transition has occun-ed on CB2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 

Bits CB2 MODE SELECT 

Select CB2 Input Mode. 

Bit 4 IRQB2 POSITIVE TRANSITION 

1 Set IRQB2 Flag (bit 6) on a positive (low-to-high) 
transition of CB2. 

Set I RQB2 Flag (bit 6) on a negative (high-to-low) 
transition of eB2. 

Bit 3 IRQB ENABLE FOR IRQB2 

1 Enable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. ■: 

Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 



Bite NOT USED 

Always zero. 

Bits CB2 MODE SELECT 

1 Select CB2 Output Mode. 



Bit 4 

1 



Bit 3 



CB2 OUTPUT CONTROL 

CB2 goes low when a zerp >s written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 
CB2 goes low on the first negative (high-to-low) 02 
clock transition following a write to Output Register B. 
CB2 returns high as specified by bit 3. 

CB2 WRITE STROBE RESTORE CONTROL 
(BfT4 = 0) 

CB2 returns high on the next 02 clock negative 
transition following a write to Output Register B. 
CB2 returns high on the next active CB1 transition 
following a write to Output Register B as specified by 
bit1. 



Figure 4. Control Line Operations SummaFy (2 of 2) 
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A second output mode allows CA2 to be used in conjunction 
with CM to "handshake" between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 Input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 

The final output mode can be selected by setting bit 4 of CRA 
to a 1 . In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 of CRA to a 1 or 
a respectively. 

CB1 operates as an interrupt input only in the same manner as 
CA1. Bit 7 of CRB is set by the active transition selected by bit 
of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the "handshaking" operates on data 
transfers froni the processor Intp the peripheral device. 

READING THE PERIPHERAL A I/O PORT 

Performing a Read operation with RS1 = 0, RSO = and the 
Data Direction Register Access Control bit (CRA-2) == 1 , directly 



transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the Input and out- 
put data. The processor must be programmed to recognize and 
Interpret only those bits which are important to the particular 
peripheral operation being performed. 

Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This Is true when the I/O pin is not allowed to go to a full 
+ 2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1. 



READING THE PERIPHERAL B I/O PORT 

Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing Incorrect data to be transferred back to the 
processor on a Read operation. 



02 
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^ tcYC ^ 

^ H- tc-^ H-t|c 
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CA1 
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(HAND SHAKE) 



> 



tcA2 



^. 



\ 




Vt, 



X 



^S2 



Figure 5. Read Timing Waveforms 
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Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 



Parameter 


Symbol 


1 MHz 


2 MHz 


3 MHz 


4 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


02 Cycle 

02 Puise Width 

02 Rise and Fall Time 


tcYC 

to 

trc. tfc 


1.0 
480 


25 


0.5 
240 


15 


0.33 
180 


12 


0.25 
120 


10 


^s 
ns 
ns 



READ TIMING 



Address Set-Up Time 


^ACR 


140 


_ 


70 


_ 


53 


_ 


35 


— 


ns 


Address Hold Time 


tcAR 


6 


— 





— 





~ 





__ 


ns 


Peripheral Data Set-Up Time 


tpCR 


300 


— 


150 


_ 


110 


-: — 


75 


— 


ns 


Data Bus Delay Time 


tcDR 


— 


395 


— 


190 


— 


100 


— 


75 


ns 


Data Bus Hold Time 


tHR 


20 


— 


20 


— 


20 


— 


20 


— 


ns 



WRITE TIMING 



Address Set-Up Time 


Ucw 


140 


— 


70 


,-^.. ■'„..■■■"■ 


53 





35 


_ 


ns 


Address Hold Time 


tcAW 





— 





— 





— 





— 


ns 


R/W Set-Up Time 


twcw 


180 


— ' 


90 


— ; 


67 


^. 


45 


— 


ns 


R/W Hold Time 


tcww 





— 





— 





— 





— 


ns 


Data Bus Set-Up Time 


tocw 


180 


— 


90 


— 


67 


— 


45 


_ 


ns 


Data Bus Hold Time 


*HW 


10 


^ 


10 


— 


10 


— 


10 


-_ 


ns 


Peripheral Data Delay Time 


tCPW 


_ 


1.0 


— „ 


0.5 


— 


0.33 


— ' 


0.25 


/iS 


Peripheral Data Delay Time 


tCMOS 


— 


2.0 


— ■'■. 


1.0 


__ 


0.7 


— 


0.5 


^s 


to CMOS Level 























PERIPHERAL INTERFACE TIMING 



Peripheral Data Set-Up 


tpCR 


300 


— 


150 


- 


110 


— 


75 


_ 


ns 


02 Low to CA2 Low Delay 


tCA2 


— 


1.0 


— 


0.5 


— 


0.33 


— 


0.25 


lis 


02 Low to CA2 High Delay 


tRSl 


— 


1.0 


— 


0.5 


— 


0.33 


— 


0.25 


liS 


CA1 Active to CA2 High Delay 


tRS2 


— 


2.0 


— 


1.0 


— 


0.67 


— 


0.5 


IjlS 


02 High to CB2 Low Delay 


tcB2 


— 


1.0 


— 


0.5 


_ 


0.33 


^ 


0.25 


US 


Peripheral Data Valid to CB2 Low Delay 


toe 





1.5 





0.75 





0.5 





0.37 


lis 


02 High to CB2 High Delay 


Wl 


— 


1.0 


— 


0.5 


— 


0.33 


— 


0.25 


lis 


CB1 Active to CB2 High Delay 


^RS2 


— 


2.0 


.— 


1.0 


— 


0.67 


— 


0.5 


lis 


CA1,CA2, CB1 andCB2 


tp t, 


-^ 


1.0 


-«- 


1.0 


— 


1.0 


— 


1.0 


lis 


Input Rise and Fall Time 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0-3 


Vdc 


Output Voltage 


VoUT 


-0.3 to Vcc +0.3 


Vdc 


Operating Temperature Range 
Commercial 
Industrial 


Ta 


to +70 
-40 to +85 


«C 


Storage Temperature 


TSTG 


-55 to +150 


«C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±S% 


Temperature Range 
Commercial 
Industrial 


Ta 


0»C to 70°C 
-40*0 to +85»C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 




DC CHARACTERISTICS 

(Vcc = 5.0V ±50/0, Vss - 0, Ta 



Tl to Th, unless othenA/ise noted) 





Symbol 


Min. 


Typ.3 


Max. 


Unlt2 


Test Conditions 


Input High Voltage 
All except PB0-PB7, RES 
PB0-PB7, RES 


V,H 


+ 2.0 
+ 2.4 


- 


Vcc 
Vcc 


V 
V 




Input Low Voltage 


V,L 


-0.3 


— 


+ 0.8 


V 




Input Leakage Current 
R/W. RES. RSO, RSI, CSO, CS1. CS2, CA1. 
CB1,02 


l|N 


" 


±1 


±2.5 


mA 


V,N « OV to Vcc 
Vcc « 5.25V 


Input Leakage Current for Three-State Off 
D0-D7. PB0-PB7, CB2 


Itsi 


— 


±2 


±10 


fiA 


V,N ^ 0.4V to 2.4V 
Vcc = 5.25V 


Input High Current 
PA0-PA7, CA2 


l|H 


-200 


-300 


— 


/*A 


V,H - 2.4V 


Input Low Current 
PA0-PA7, CA2 


l|L 


— 


-2 


-3.2 


mA 


V|L = 0.4V 


Output High Voltage 
Logic 
PB0-PB7. CB2 (Darlington Drive) 


VoH 


2.4 
1.5 


- 


- 




Vcc = 4.75V 
Iload = -200^ 
•load = -3.2mA 


Output Low Voltage 
PA0-PA7. CA2. PB0-PB7, CB2 
D0-D7, IRQA. IRQB 


Vol 


~ 


" 


+ 0.4 


V 


Vcc « 4.75V 
liOAn = 3.2 mA 
'load = 1-6 niA 


Output High Current (Sourcing 
Logic 
PB0-PB7, CB2 (Darlington Drive) 


«0H 


-200 
-3.2 


-1500 
-6 


- 


mA 
mA 


VoH = 2.4V 
VoH = 1.5V 


Output Low Current (Sinking) 
PA0-PA7, PB0-PB7. CB2. CA2 
D0-D7, IRQA, IRQB 


•OL 


3.2 
1.6 


- 


- 


mA 
mA 


Vol = 0.4V 


Output Leakage Current (Off State) 
IRQA, IRQB 


'off 


— 


1 


±10 


mA 


VoH = 2.4V 
Vcc * 5.25V 


Power Dissipation 


Pd 




7 


10 




mW/MHz 


Input Capacitance 
D0-D7, PA0-PA7. PB0-PB7. CA2. CB2 
R/W, RES, RSO, RS1. CSO, CSl, CS2 
CA1,CB1.02 


C,N 


- 


- 


10 
7 
20 


PF 
PF 
pF 


Vcc = 5.0V 
V,N « OV 
f » 2 MHz 
Ta = 250c 


Output Capacitance 


Cqut 


— 


— 


10 


pF 




Notes: 

1 . All units are direct current (dc) except capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc =* 5.0V and T^ = 25'*C. 



2-227 



R65C21 



Peripheral Interface Adapter (PIA) 



PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



i- B 



^ r- F 



H^ Lll 

'JL D 






SEATING PLANE J | i k 



J M 



-\^ 



40-PIN PLASTIC DIP 



,nnnnninnnrinnnnnnrinnnri. 



1 20 

^\;\J\j^ iJ\ji^\J ^J ■,^ g ^^ ,^ g ^ ^J \j \j [J :j 



& 






^ 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B ^ 


14.86 


15.62 


0.585 


0,615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0,013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0,605 


M 


0° 


10° 


0" 


10^' 


N 


0.51 


1.52 


0.020 


0.060 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2,060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


i:02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0,100 BSC 1 


H 


1.65 


2.16 


0:065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3,56 


0,120 


0.140 


L 


15.24 BSC 


0.600 BSC 1 


M 


7-^ 


10' 


7" 


10 


N 


0.51 


1.02 


0,020 


0.040 
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PERIPHERAL INTERFACE 

ADAPTER/TIMER (PIAT) 



PRELIMINARY 



DESCRIPTION 

The R65C24 Peripheral Interface Adapter/Timer (PIAT) Is 
designed to solve a broad range of peripheral control problems 
in the implementation of microcomputer systems. This device 
allows a very effective trade-off between software and hardware 
by providing significant capability and flexibility In a low cost 
chip. When coupled with the power and speed of the R65P0, 
R6500/* or R65C00 family of microprocessors, the R65C24 
allows implementation of very complex systems at a minimum 
overall cost. 

Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to "handshake" data between 
the processor and a peripheral device. 

The PIAT also contains one 16-bit Counter/Timer comprised of 
a 16-bit counter, two 8-bit latches associated with the counter, 
and an 8-bit snapshot latch for the upper half of the counter. A 
counter mode control register, under software direction, selects 
any one of eight counter modes of operation, and the status 
register contains an underflow flag to report counter time-out. 
A maskable interrupt request allows immediate CPU notification 
upon counter time-out. 

ORDERING INFORMATION 

The R65C24 is available in both a ceramic and a plastic 40-pin 
package, a commercial or industrial temperature range, and 
operating frequencies of 1, 2, 3, or 4 MHz. These versions are 
coded into the part number as follows: 



Part Nun 
R65C24_ 


iber: 

^Temperature Range: 

Blank = 0^0 to +70°C 
E = -40°Cto +85°C 




'— Frequency Range: 
1 = 1 MHz 
2=2MHz 

3 = 3 MHz 

4 = 4MHz 




— Package: 

C = Ceramic 
P = Plastic 



of 



FEATURES 

• Low power CMOS N-well silicon gate technology 

• Two 8-bit bidirectional I/O ports with individual data direction 
control 

• Programmable 16-bit Counter/Timer with eight modes 
operation 

• Three 8-bit latches associated with the Counter/Timer 

• Selectable divide-by-sixteen prescaler for all modes 

• Automatic "Handshake" control of data transfers 

• Two interrupts (one for each port) with program control 

• 1 , 2, 3, and 4 MHz versions 

• Commercial and industrial temperature range versions 

• 40-pln plastic and ceramic versions 

• Single 5V ±5% supply requirements 

• Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 
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Figure 1. R65C24 Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The R65C24 PIAT is organized into three independent sections 
referred to as the A Side, the B Side, and a Counter/tinier. The 
A Side and B Side each consist of a Control Register (CRA, 
CRB), Data Direction Register (DDRA, DDRB), Output Register 
(ORA, ORB), Interrupt Status Control (ISCA, ISCB), and the 
buffers necessary to drive the Peripheral Interface buses. Data 
Bus Buffers (DBB) interface data from the two sections to the 
data bus, while the Data Input Register (DIR) interfaces data 



from the DBB to the PIAT registers. Chip Select and R/W control 
circuitry interface to the processor bus control lines. The Counter/ 
Timer consists of a 16-bit counter; i.e., an 8-bit Upper Counter 
(UC) and 8-bit Lower Counter (LC), an 8-bit Upper Latch (UL), 
an 8-bit Lower Latch (LL), an 8-bit Snapshot Latch (SL), and a 
Status Register (SR). A Counter Mode Control Register (CMCR) 
selects the Counter/Timer mode of operation. Figure 2 is a block 
diagram of the R65C24 PIAT. 
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Figure 2. R65C24 PIAT Block Diagram 
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DATA INPUT REGISTER (DIR) 

When the microprcx;essor writes data into the PIAT, the data 
which appears on the data bus during the 02 clock pulse is 
latched into the Data Input Register (DIR). The data Is then 
transferred into one of six internal registers of the PIAT after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it Is going to the opposite polarity. 

CONTROL REGISTERS (CRA AND CRB) 

Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CM, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQBI. 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to deterrnine the source of the 
Interrupt. 

DATA DIRECTION REGISTERS (DDRA, DDRB) 

The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a "0" in a bit position in the Data Direction Register causes the 
corresponding Peripheral I/O line to act as an Input; a "1" 
causes it to act as an output. 

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a "1 ," a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a "0," a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1 and RS2) selects the various internal registers as 
shown in Table 2. 

In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 In the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 



PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 

The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral A Port Is pro- 
grammed as an output by the DDRA, writing a into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 

INTERRUPT STATUS CONTROL (ISCA, ISCB) 

The four interrupt/peripheral control lines (CA1 , CA2, CB1 , CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 

PERIPHERAL I/O PORTS (PA0-PA7, PB0-PB7) 

The Peripheral A and Peripheral B I/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 

Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs, A in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 

The buffers which drive the Peripheral A I/O lines contain "pas- 
sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 

In the input mode, the pull-up devices are still connected to the 
I/O pin and still supply current to this pin: For this reason, these 
lines also represent two standard TTL loads in the input mode. 

The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 




Table 1. Control Registers Bit Designations 



CRA 



CRB 



7 


6 


5 4 3 


2 


1 b 


IRQA1 


IRQA2 


CA2 Control 


DDRA 
Access 


CA1 Control 






7 


6 


5 4 3 


2 


1 


IRQB1 


IRQB2 


CB2 Control 


DDRB 
Access 


CB1 Control 
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The Peripheral B I/O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the state and ON for a 
logic 1 . Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 

Unlike the PA0-PA7 lines (which have pull-up devices), the PBO 
through PB7 lines have three-state capability which allows them 
to enter a high Impedance state when programmed to be used 
as input lines. In addition, data on these lines will be read prop- 
erly, when programmed as output lines, even if the data signals 
fall below 2.0 volts for a "high" state or are above 0.8 volts for 
a "low" state. When programmed as output, each line can drive 
at least a two TTL load and may also be used as a source of 
up to 3.2 milllamperes at 1.5 volts to directly drive the base of 
a transistor switch, such as a Darlington pair. 

Because these outputs are designed to drive transistprs directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. 

The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 



Peripheral B I/O lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 



DATA BUS BUFFERS (DBB) 

The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the D0-D7 Data Bus, between the microprocessor 
and the PIAT. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). 



COUNTER/TIMER 

The Counter/Timer Includes a 16-bit counter and three 8-bit data 
latches. It also includes an 8-bit Counter Mode Control Register 
(CMCR) to select the Counter/Timer operating mode and options 
and an 8-bit Status Register to report time-out condition as well 
as peripheral data port interrupt conditions. Figure 3 illustrates 
the Timer/Counter. 
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Figure 3. Counter/Timer 
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Counter/Latches — The Upper Counter (UC) and Lower Counter 
(LC) form a 16-blt down-counter that counts either 02 clock 
pulses from the processor bus or external events from input line 
CNTR, depending on the mode selected. The Upper Latch (UL) 
and Lower Latch (LL) hold the initial higher- and lower-order 
count values to be loaded into the counter. The Snapshot Latch 
(SL) is loaded with the value of the UC when the LC Is read or 
the LL is written Into by the PIAT. After a read of the LC, the 
Snapshot Latch is read to provide the current 1 6-bit value of the 
counter. The Underflow Flag (UF) In the Status Register (SR) 
is set to a 1 whenever the counter (UC, LC) decrements past 
$0000. A Prescaler can be program activated to divide-by- 
sixteen rather than divide-by-one for any of the Counter/Timer 
modes. 

Counter Mode Control Register— The Counter Mode Control 
Register (CMCR) allows program selection of any of eight 
Counter/Timer modes of operation, for the enabling or dis abling 
of the Prescaler, and the enabling or disabling of the IRQT 
interrupt line. Bits 2, 1, of the CMCR selects one of the fol- 
lowing Counter/Timer operating modes: 

Disable Counter/Timer 
One-Shdt Interval Timer 
Free-Run Interval Timer 
Pulse Width Measurement 
Event Counter 

One-Shot Pulse Width Generation 
FreerRun Pulse Generation 
Retriggerable Interval Timer 

Bit 7 of the CMCR determines whether the IRQT line is enabled 
or disabled for generating an interrupt reque st on t he IRQ output 
to the processor. When bit 7 is set to a 1, IRQT is enabled so 
that an Underflow Flag (UF bit in the Status Register set to a 
1) wil l cause IRQ to be asserted. When bit 7 is set to a 0, the 
IRQT is disabled. 

Bit 4 of the CMCR enables or disables the Prescaler. A 1 in bit 
4 causes the Prescaler to be enabled so that the Counter/Timer 
is operating in a divide-by-sixteen mode. When this bit is a 0, 
the Prescaler is disabled So that the Counter/Timer is operating 
in a normal (divlde-by-one) rhode. 



Status Register— Bit 7 of the Status Register (SR) reports the 
Counter Underflow Status. This underflow (UF) bit is set to 1 
when the counter decrements past $0000. When this bit is set, 
the IRQ output will be asserted if the Interrupt Enable bit in the 
CMCR is set to a 1. The status of the Port A Interrupt Flag 
(IRQA) and Port B Interrupt Flag (IRQB) are reported in bits 6 
and 5, respectively, in addition to being reported in the ISCA 
and ISCB registers. 

INTERFACE SIGNALS 

the PIAT interfaces to the R6500, R6500/* or the R65C00 
microprocessor family with a reset line, a 02 clock line, a read/ 
write line, an interrupt request line, three register select lines, 
two chip select lines, and an 8-bit bidirectional data bus. 

The PIAT Interfaces to the peripheral devices with four Interrupt/ 
control lines and two 8-bit bidirectional data buses. A Counter/ 
Timer input/output line (CNTR) also interfaces to a peripheral 
device. 

Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 4 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 

CHIP SELECT (CSO, CS2) 

The PIAT is selected when CSO is high and CS2 is low. These 
two chip select lines are normally connected to the processor 
address lines either directly or through external decoder circuits. 
When the PIAT Is selebted, data will be transferred between the 
data lines and PIAT registers, and/or peripheral interface lines 
as determined by the R/W, RSO, RS1 and RS2 lines and the 
contents of Control Registers A and B. 

Note: 

An R65C24 PIAT may be installed in a circuit in place of 
an R65C21 PIA subject to chip select considerations. 
Since the R65C21 has a CS1 input and the R65C24 does 
not have a CS1 input, the PIAT will be selected in the 
same addresses as the PIA and maybe more depending 
upon external address decoding circuitry. 
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Figure 4. Interface Signals Relationship 
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RESET SIGNAL (RES) 

the Re set ( RES) input initializes the R65C24 PIAT. A low signal 
on the RES input causes all internal registers to be cleared. 

CLOCK SIGNAL (02) 

The Phase 2 Clock Signal (02) is the system clock that triggers 
all data transfers between the CPU and the PIAT. 02 is gen- 
erated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIAT. 

READ/WRITE SIGNAL (R/W) 

Read/Write (R/W) controls the direction of data transfers between 
the PIAT and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIAT. A low on the 
R/W line allows data to be transferecl from the CPU to the 
peripheral devices from the PIAT. 

REGISTER SELECT (RSO, RSI, RS2) 

Two of the Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits select various R65C24 registers to be accessed by the 
CPU. RSO and RS1 are normally connected to the micropro- 
cessor (CPU) address output lines. Through control of these 
lines, the CPU can write directly into the Control Registers 
(CRA, CRB) the Data Direction Registers (DDRA; DDR^) and 
the Peripheral Output Registers (ORA, ORB). In addition, the 
processor may directly read the contents of the Control Regis- 
ters and the Data Direction Registers. Accessing the Peripheral 
Output Register for the purpose of reading data back into the 
processor operates differently on the ORA and the ORB reg- 
isters and therefore are shown separately in Table 2. 

Note: 

In order to address the ORA and ORB Registers in the 
PIAT, Register Select line RS2 must be high. When RS2 
is lOw, thd Counter/Timer registers are selected (as shown 
in Table 3). 



Register Select line RS2 determines whether the addressed 
registers are part of the Counter/Timer or the peripheral Port A 
and Port B sections of the PIAT. When RS2 Is high, the Port A/ 
Port B registers shown in Table 2 are selected. When the RS2 
is low, the Counter/Timer registers are selected and operated 
upon as shown in Table 3. 





Table 2. 


Peripheral Register Addressing 


Register 

Address 

(Hex) 


Register 
Select 
Lines 


Data 
Direction 
Register 
Control 


Register Operation 


RS2 


RSI 


RSO 


CRA 
(Bit 2) 


CRB 
(Bit 2) 


R/W = H 


R/W = L 


4 


H 


L 


L 


1 


— 


Read PIBA 


Write ORA 


4 


H 


L 


L 





— 


Read DDRA 


Write DDRA 


5 


H 


L 


H 


— 


— 


Read CRA 


Write CRA 


6 


H 


H 


L 


— 


1 


Read PIBB 


Write ORB 


6 


H 


H 


L 


— 





Read DDRB 


Write DDRA 


7 


H 


H 


H 


- 


- 


Read CRB 


Write CRB 



Tables. 


Counter/Timer Register Addressing 


ill 


Register 
Select Lines 


Counter/Timer Operation 


RS2 


RS1 


RSO 


(R/W = H) 


(R/W = L) 





L 


L 


L 


Read Snapshot 

Latch (SL) 

SL -^ D0-D7 

-* UF 


Write Upper Latch 
(UL) 

D0-D7 -^ UL 
0-> UF 
Load and Enable 
Counter 
UL-^UC, 
LL-*LC 


1 


L 


L 


H 


Read Upper 
Counter (UC) 
UC-^D0-D7 


Write Upper Latch 
(UL) 
D0.D7 -^ UL 


2 


L 


H 


L 


Read Lower 
Counter (LC) 
LC -^ D0-D7 
UC-^SL 


Write Lower Latch 
(LL) 

D0-D7 -^ LL 
UC -^ SL 


3 


L 


H 


H 


Read Status 
Register (SR) 
SR -^ D0-D7 
0^ UF. 


Write Counter Control 
Mode Register 
(CMCR) 
D0-D7 -* CMCR 



INTERRUPT REQUEST LINE (IRQ) 

Thre e inter nal active low Interrupt Request lines (IRQ A, IRQB, 
and I ROT) act to interr upt the microprocessor through the 
external IRQ output. IRQ is an open drain output and is capable 
of sinking 1.6 milliamps from an external source. This permits 
all interrupt request lines to be tied together in a wired-OR con- 
figuration. The A and B in the titles of these internal lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. The T corresponds to the Counter/Timer generated inter- 
rupt request. 

IRQA and IRQB Lines— These two internal Interrupt Request 
lines are associated with the Port A and Port B sections of the 
PIAT and are controlled by Control Registers CRA and CRB, 
and the Peripheral Control lines CA1 , CA2, CB1 , and CB2. 

These Interrupt Request lines have three interrupt flag bits 
which can cause the Interrupt Request line to go low. These 
flags are bits 6 and 7 in the two Control Registers (CRA, CRB). 
These flags act as the link between the peripheral interrupt sig- 
nals and the microprocessor interrupt inputs. Each flag has a 
corresponding interrupt disable bit which allows the processor 
to enable or disable the interrupt from each of the four interrupt 
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inputs (CM, CA2, CB1, CB2). The four interrupt flags are set 
(enabled) by active transitions of the signal on the interrupt input 
(CA1,CA2, CB1,CB2). 

CRA bit 7 (IRQA1) is always set by an ac tive transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 Interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 

Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the p rocessor to read 
the Perijaheral A I/O port. A summary of IRQA control Is shown 
in Table 3. 

Control of IRQB is perfo rmed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag Is controlled 
by CRB bit 0. Likewise , bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 

Also, both bit 6 and bit 7 of CRB are reset by a " Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 4. 



Table 4. IRQA and IRQB Control Summary 



Control Register Bits 


Action 


CRA-7=1 and CRA-0=1 


iRQA goes low (Active) 


CRA-6=1 and CRA-3=1 


IRQA goes low (Active) 


CRB-7=1 and CRB-0=1 


IRQB goes low (Active) 


CRB-6=1 and CRB-3=1 


IRQB goes low (Active) 


Note: 
The flags act as the link between the peripheral interrupt signals 
and the processor interrupt Inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 



IRQT Line — ^The internal IRQT line i s ass ociated with the 
Counter/Timer and is controlled by the IRQT Enable bit in the 
Counter Mode Control Register and the Underflow Flag in the 
Status Register. A tho rough discussion of the functions and 
operation of the IRQT line is given in the Counter/Timer Oper- 
ation section of this product description. 

INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CM, CA2, CB1, CB2) 

The four interrupt input/peripheral control lines provide a number 
Of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PA0-PA7, PB0-PB7). Figure 5 summarizes the operation of 
these control lines. 



CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1. 
The active transition can be programmed by setting a "0" in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a "1" if it is to be set 
on a positive transition. 

Note: 

A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 

CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1 . The Input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 

In the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A I/O port. This mode 
is selected by setting CRA, bit 4 to a and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc. which make sequential data available on the Periph- 
eral input lines. 

A second output mode allovys CA2 to be used in conjunction 
with CA1 to "handshake" between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 

The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 Is a simple peripheral control output 
which can be set high or low by setting bit 3 of CRA to a 1 or 
a respectively. 

CB1 operates as an interrupt input only in the same manner as 
CAT. Bit 7 of CRB is set by the active transition selected by bit 
of CRB. Likewise, the CB2 input mode operates exactly the 
same as the GA2 input modes. The CB2 output modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into tH§ Peripheral B 
Output Register. Also, the "handshaking" operates on data 
transfers from the processor Into the peripheral device. 
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CA2 INPUT MODE (BIT 5 = 0) 



CONTROL REGISTER A (CRA) 



7 


6 


5 


4 


3 


2 


1 





IRQA1 
FLAG 


IRQA2 
FLAG 


CA2INPUT 
MODE SELECT 

(=0) 


IRQA2 

POSITIVE 

TRANSITION 


IRQA 

ENABLE 

FOR IRQ A2 


ORA 
SELECT 


IRQA1 

POSITIVE 

TRANSITION 


IRQA 

ENABLE 

FOR IRQA1 


IRQA/IRQA2 
CONTROL 


IRQA/IRQA1 
CONTROL 



CA2 OUTPUT MODE (BIT 5 = 1) 



7 


6 


5 


4 


3 


2 ••■ 


1 





IRQA1 
FLAG 





CA2 OUTPUT 

MODE SELECT 

(=1) 


CA2 
OUTPUT 
CONTROL 


CA2 
RESTORE 
CONTROL 


ORA 
SELECT 


IRQA1 

POSITIVE 

TRANSITION 


IRQA 

ENABLE 

FOR IRQA1 


CA2 
CONTROL 


IRQA/IRQA1 
CONTROL 



CA2 INPUT OR OUTPUT MODE (BIT 5 =0 or 1) 



BJt7 IRQA1 F=LAG 

1 A transi tion h as occurred on CA1 that satisfies the t)lt 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 
A or by RES. 

No transition has occurred oh CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER A SELECT 

1 Select Output Register A. 

Select Data Direction Register A. 

Biti IRQA1 POSITIVE TRANSITION 

1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 

Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1 . 

Bit IRQA ENABLE FOR IRQA1 

1 Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 
Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 



CA2 INPUT MODE (BIT 5=0) 



Bite IRQA2FLAG 

1 A transitiOri has occu rred on CA2 that satisfies the bit 4 IRQA2 transition polarity criteria. This flag is cleared by a read of Output 

Register A or by RES. 

No transition has occurred on CA2 that satisfies the bit 4 IRQA2 transition polarity criteria. 

Bits CA2 IWODE SELECT 

Select CA2 Input Mode. 

Bit 4 IRQA2 POSITIVE TRANSITION 

1 Set IRQA2 Flag (bit 6) Oh a positive (low-to-high) transition of CA2. 

Set IRQA2 Flag (bit 6) on a negative (high-to-low) transition of CA2. 

Bit 3 IRQA ENABLE FO R IRQ A2 

1 Enable assertion of I RQA when IRQA2 Flag (bit 6) is set. 
Disable assertion of IRQA when IRQA2 Flag (bit 6) is set. 



CA2 OUTPUT MODE (BIT 5 = 1) 



Bite NOT USED 

Always zero. 



Bits 

1 



CA2 MODE SELECT 

Select CA2 Output Mode. 



Bit 4 CA2 OUTPUT CONTROL 

1 CA2 goes low when a zero is written into CRA bit 3. CA2 goes high when a one is written into CRA bit 3. 

CA2 goes low on the first negative (high-to-low) 02 clock transition following a read of Output Register A. CA2 returns high as specified 
by bit 3. 

Bit 3 CA2 READ STROBE RESTORE CONTROL (BIT 4 = 0) 

1 CA2 returns high on the next 02 clock negative transition following a read of Output Register A. 

CA2 returns high on the next active CA1 transition following a read of Output Register A as specified by bit 1 . 



Figure 5. Summary of Control Lines Operation (1 of 2) 
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CB2 INPUT MODE (BIT 5 = 0) 



CONTROL REGISTER B (CRB) 
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POSITIVE 

TRANSITION 
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TRANSITION 
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FOR IRQB1 


IRQB/IRQB2 
CONTROL 


IRQB/IRQBI 
CONTROL 



CB2 OUTPUT MODE (BIT 5 = 1) 



7 


6 


5 


4 


3 


2 


1 





IRQB1 
FLAG 





CB2 OUTPUT 

MODE SELECT 

( = 1) 


CB2 
OUTPUT 
CONTROL 


CB2 
RESTORE 
CONTROL 


ORB 
SELECT 


IRQB1 

POSITIVE 

TRANSITION 


IRQB 

ENABLE 

FOR IRQB1 


CB2 
CONTROL 


IRQB/IRQB1 
CONTROL 



CB2 INPUT OR OUTPUT MODE (BIT 5 = or 1) 



Bit 7 IRQB1 FLAG 

1 A transi tion h as occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 
B or by RES. 

No transition has occu^ed on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER B SELECT 

1 Select Output Register B. 

Select Data Direction Register B. 

Bit 1 IRQB1 POSITIVE TRANSITION 

1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 

Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1 . 

BItO IRQB ENABLE FO R IRQB 1 

1 Enable assertion of I RQB when IRQB1 Flag (bit 7) is set. 
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 



CB2 INPUT MODE (BITS = 0) 



Bite IRQB2FLAG 

1 A transition has occur red on CB2 that satisfies the bit 4 IRQB2 transition polarity criteria. This flag is cleared by a read of Output 

Register B or by RES. 

No transition has occurred on CB2 that satisfies the bit 4 IRQB2 transition polarity criteria. 

BH5 CB2 l\AODE SELECT 

Select CB2 Input Mode. 

Bit 4 IRQB2 POSITIVE TRANSITION 

1 Set IRQB2 Flag (bit 6) on a positive (low-to-high) transition of CB2. 

Set IRQB2 Flag (bit 6) on a negative (high-to-low) transition of CB2. 

Bits iRQB ENABLE FO R IRQ B2 

1 Enable assertion of I RQB when IRQB2 Flag (bit 6) is set. 
Disable assertion of IRQB when IRQB2 Flag (bit 6) is set. 



CB2 OUTPUT MODE (BIT 5 = 1) 



Bite NOT USED 

Always zero. 

Bit 5 CB2 MODE SELECT 

1 Select CB2 Output Mode. 

Bit 4 CB2 OUTPUT CONTROL 

1 CB2 goes low when a zero is written into CRB bit 3. CB2 goes high when a one is written into CRB bit 3. 

CB2 goes low on the first negative (high-to-low) 02 clock transition following a write to Output Register B. CB2 returns high as specified 
by bit 3. 

Bit 3 CB2 WRITE STROBE RESTORE CONTROL (BIT 4 = 0) 

1 CB2 returns high on the next ^2 clock negative transition following a write to Output Register B. 

CB2 returns high on the next active CB1 transition following a write to Output Register B as specified by bit 1. 



Figure 5. Summary of Control Lines Operation (2 of 2) 
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COUNTER/riMER REGISTERS 

COUNTER MOPE CONTROL REGISTER (CMCR) 

The 8-bit Counter Mode Control Register (CMCR) selects the 
Counter/Tim er mp de of operation and enables or disables both 
the internal IRQT and the Prescaler. The format of the CMCR 
is: 



7 


6 


5 


4 


3 


2 1 


IRQT 
Enabled 








Prescaler 
Enabled 





Counter/Timer Mode 



Bit 7 



1 



IRQT Enabled 

IRQT Disabled 
IRQT Enabled 



Bits 6-5 Not used, don't care value during write. 



Bit 4 


1 

Bit 3 

Bits 2-0 




1 
1 




1 
1 



Prescaler Enabled 

Prescaler Disabled ( -4- 1 ) 
Prescaler Enabled (-^16) 

Not used, don't care value during write. 

Counter/Timer Mode 

Mode 0— Disable Counter/Timer 
Mode 1 — One-Shot Interval Timer 
Mode 2 — Free-Run Interval Timer 
Mode 3— Pulse Width Measurement 
Mode 4— Event Counter 
Mode 5— One-Shot Pulse Width Generation 
Mode 6— Free-Run Pulse Generation 
Mode 7 — Retriggerable Interval Timer 



The CMCR can be written into at any time without disabling or 
stopping the Counter/Timer. This allows the Counter/Timer mode 
of operation to be changed while it is still in operation. However, 
selecting Mode disables the C ounte r/Timer and stops its 
operation. The Prescaler and the IRQT interrupt can also be 
enabled or disabled at any time J"he CMCR is written to when 
the register address is 3 and R/W is low. 

STATUS REGISTER (SR) 

The 8-bit Status Register (SR) re ports th e status of two interrupt 
condit ions: Counter underflow (IRQT) and Port A interrupt 
(IRQA). The format of the Status Register is: 



7 


6 


5 


4 


3 


2 


1 





UF (IRQT) 

Interrupt 

Flag 


IRQA 

Interrupt 

Flag 





1 


1 


1 


1 


1 



Bit 7 Counter Underflow (UF) Interrupt Flag 

Counter underflow has not occurred. 

1 Counter underflow has occurred. 

Bite IRQA interrupt Flag 

Port A interrupt has not occurred. 

1 Port A interrupt has not occurred. 

Bit 5-0 Not used, always read as shown in register 
figure. 



The Counter underflow (UF), bit 7, is updated in the same clock 
cycl e that an underflow condition occurs on the Counter/Timer. 
The IRQA interrupt flag (bit 6) is updated at the rising edge of 
the next 02 clock immediately following the setting of corre- 
sponding interrupt bits (IRQA1, IRQA2) in the CRA register. 
IRQA is set whenever IRQA1 or IRQ A2 is set. The underflow 
bit is cleared whenever the Status Register is read, the Snap- 
shot Latch is read, the UL is written to at register address 0, 
Mode is selected in the CMC R, or a RES occurs. Reading the 
Status Register also clears the IRQA Interrupt flag. The Status 
Register is read when the register address is 3 and R/W is high. 



LOWER LATCH (LL) 

The Lower Latch (LL) holds the least significant 8-bits of the 
16-bit latch value. The LL is written froip the data bus (D0-D7) 
when the register address is 2 arid R/W is low. When the LL is 
loaded, the contents of the UC are copied into the Snapshot 
Latch (SL) without affecting the counting operation of the UC. 

UPPER LATCH (UL) 

The Upper Latch (UL) holds the most significant 8-bits of the 
16-bit latch value. The UL is written from the data bus (D0-D7) 
when R/W is low and the register address is either or 1. The 
difference in the two register address functions are: 

Register Address 

1. The UL is loaded from DO-07. 

2. The contents of the Latch (UL and LL) are transferred to the 
Counter (UC and LC, respectively). 

3. The UF bit is cleared in the SR. 

4. The Counter is enabled, i.e., the count in UC and LC is dec- 
remented by one upon detection of a rising edge on either 
02 or CNTR (depending upon mode selection) as scaled by 
the Prescaler. 

Register Address 1 



The UL is loaded from D0-D7. 

All other elements of the Counter/Timer are unaffected. 
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LOWER COUNTER (LC) 

The Lower Counter (LC) holds the least significant 8-bits of the 
16-bit counter. 

When the LC decrements below $00, 1 is borrowed from the 
UC to load $FF into the LC. 

The LC is read tojhe data bus (D0-D7) when the register 
address is 2 and R/W is high. When LC is read, the 8-bit con- 
tents of the UC is transferred to the Snapshot Latch without 
affecting the operation of the counter (i.e., the count-down con- 
tinues without interruption). 

UPPER COUNTER 

The Upper Counter (UC) holds the most significant 8-bits of the 
16-bit counter. The UC is readjo the data bus (D0-D7) when 
the register address is 1 and FVW is high. When the UC is read, 
there is no other effect on the Counter/Timer operation. Counter 
underflow occurs when the LC borrows a 1 from the UC value 
of $00. 

Note: 

When reading the UC directly, the value read can be one 
count too high if the LC value is just above $0000 at the 
start of the read since an underflow in the LC will result 
in decrementing the UC by one count. The Snapshot 
Latch should be read to obtain the UC value corre- 
sponding to the LC value. 

SNAPSHOT LATCH (SL) 

The Snapshot Latch holds the value of the UC corresponding 
to the LC value. The SL is loaded with the value of the UC when 
the LL is written to, or when the LC is read. The SL is read to 
the data bus (D0-D7) when the register address is and R/W 
is high, without affecting the counting operation. When the SL 
is read, the UF in the SR is cleared. Since .the SL is loaded with 
the value of the UC whenever the LC is read, an accurate count 
of the total 16-bit counter can be made without the need for 
further calculations to account for delays between the reading 
of the LC and the UC. 

COUNTER/TIMER OPERATION 

The Counter/Timer has eight modes of operation. The Counter/ 
Timer is always either disabled (mode 0) or operating in one of 
the other seven modes as selected in the Counter Mode Control 
Register (CMCR). 

To operate the Counter/Timer, first issue Mode to stop any 
counting in progress due to a previously selected mode, to clear 
the counter underflow bit in the SR and to disable the IRQT 
interrupt. The order of mode selection and latch loading depends 
upon the desired mode. Generally, if a timer mode based on the 
02 clock rate is to be selected, first select the mode then write 
the timer Initialization value to the latch. Write the LL first then 
the UL value (to register address 0). When the UL is written, the 



UL and LL values are loaded Into the UC and LC, respectively, 
and the counter is enabled. The counter then decrements one 
count for every positive edge (low to high) transition detected 
on the 02 or CNTR input (depending on the selected mode) as 
scaled by the Prescaler. In most modes, each time the counter 
underflows below $0000, the underflow bit is set in the SR, the 
counter reloads to the latch value and the d own-counting con- 
tinues. If the UF bit is set when the IRQT is enabled in the 
CMCR, the IRQ output will be asserted to the processor. 

MODE 0— DISABLE COUNTER/TIMER 

The Counter/Timer is disabled (all counting stops), the IRQT 
interrupt (bit 7 In the CMCR) is disabled, and the counter under- 
flow (bit 7 in the SR) is cleared. Mode may be sel ected at any 
time by selecting Mode in the CMCR or upon RES which 
initializes the CMCR to $00. Selecting Mode in the CMCR 
does not affect any data in the LL or UL, any count in the LC 
or UC, or any data in the SL 

MODE 1— ONE SHOT INTERVAL TIMER 

The counter counts down once from the latch value at the 02 
clock rate (as scaled by the Prescaler) and sets the UF bit in 
the SR upon underflow. The counter starts when data is written 
to the UL at register address 0, which causes the UL and LL 
values to be loaded into the UC and LC, respectively. When the 
counter decrements below $0000, the UF bit in t he SR is set. 
The set UF bit causes IRQ to be asserted if the IRQT Enable 
bit Is set in the CMCR. Upon decrementing below $0000, the 
UC and LC are automatically reset to a value of $FFFF and the 
counter continues down-counting. However, the UF bit in the 
SR will not be set again (due to the counter again decrementing 
through $0000) until the UL is again written at register address 
0. The CNTR line is not used in this mode. Figure 6 shows the 
timing relationship for Mode 1 operation. 

Typical Application: Can be used for an accurate time delay 
such as would be required to control the duration of time to have 
a thermal printer element activated. 

MODE 2— FREE-RUN INTERVAL TIMER 

The counter repetitively counts down at the 02 clock rate, as 
scaled by the Prescaler, and sets the UF bit in the SR each time 
the counter underflows. The counter is Initialized to the UL and 
LL values and starts down counting at the clock rate when the 
UL value is written to register address 0. Each time the counter 
decrements below $0000, the UF bit in the SR is set, the counter 
is reloaded with t he UL and LL value, and the count-down cycle 
continues. If the IRQT Enable bit is set in the CMCR, IRQ will 
thus be asserted upon each time-out. The CNTR line is not used 
in this mode. Figure 7 shows the timing relationship for Mode 
2 operation. 

Typical Application: Can be used for a timed interrupt struc- 
ture when a hardware location needs updating at specific inter- 
vals, such as would be required to update a multiplexed display. 
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Figure 6. Mode 1— One>Shot Interval Timer Timing 
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Figure 7. Mode 2— Free-Run interval Timer Timing 
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MODE 3— PULSE WIDTH MEASUREMENT 

The counter counts down from the latch value at the 02 clock 
rate (scaled by the Prescaler) from the time the CNTR input 
goes low until CNTR goes high to provide a measurement of 
the CNTR low pulse duration. The counter is loaded with the 
value of the UL and LL upon writing UL to register address 0. 
The counter starts decrementing at the scaled 02 clock rate 
when the CNTR line goes low and stops decrementing when 
the CNTR line returns high. If the counter decrements below 
$0000 before the CNTR line goes low, the UF bit in the SR is 
set, the counter is reloaded with the UL and LL value, and the 
cycle continues down until CNTR goes high. Once the CNTR 
line has cycled from high to low and back to high, the Counter/ 
Timer will ignore any additional high to low transitions on the 
CNTR line. To reinitiate Mode 3, it is necessary to reload the 
UL by writing to register address 0. Figure 8 shows the timing 
relationships for a Mode 3 operation. 



MODE 4— EVENT COUNTER 

CNTR is an input and the Counter/Timer counts the number of 
positive transitions on CNTR. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 
0. The counter then decrements one count on the rising edge 
of the 02 clock after a rising edge (low to high transition) is 
detected on the CNTR input (as scaled by the Prescaler). The 
maximum rate at which this rising edge can be detected is one- 
half the 02 clock rate. When the counter decrements below 
$0000, the UF bit in the SR is set, the counter is reloaded with 
the UL and LL value and the operation repeats. Figure 9 shows 
the timing relationship of a Mode 4 operation. 

Typical Application: Can be used with a timed software loop 
to count external events (i.e., a frequency counter). 




Typical Application: Can be used to measure the duration of 
an event from an external device. Allows an accurate measure- 
ment of the duration of a logical low pulse on the CNTR line. 
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Figure 8. Mode 3— Pulse Width Measurement Timing 
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Figure 9. Mode 4~Event Counter Timing 
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MODE 5— ONE-SHOT PULSE WIDTH GENERATION 

CNTR is an output which can be pulsed low for a programmed 
time interval. When this mode is selected in the GMCR, the 
CNTR output goes high (if the UF bit is set) or goes low (if the 
UF bit is cleared). The CNTR line then goes low when data is 
written to the UL at register address 0, which also starts the 
counter. The counter decrements from the UL and LL value at 
the 02 clock rate as scaled by the Prescaler. When the counter 
decrements below $0000, the CNTR output goes high, the UF 
bit is set in the SR, the counter is reloaded with $FFFF and the 
count-down continues. Figure 1 shows the timing relationship 
of Mode 5 operation. 

Note that clearing the UF bit after it is set upon the first timeout 
causes CNTR to go low, in which case CNTR will again go high 
upon the next counter timeout. 

Typical Application: Can be used to hold-off (delay) an external 
hardware event on an asynchronous basis such as disallowing 
a motor startup until certain parameters are met. 

MODE 6— FREE-RUN PULSE GENERATION 

CNTR is an output and the Counter/Timer can be programmed 
to generate a symmetrical waveform, an asymmetrical wave- 
form, or a string of varying width pulses on CNTR. The CNTR 
line is forced low (if high upon mode selection) or remains low 



(if low upon mode selection) when data is written to the UL at 
register address which also starts the counter. The counter 
decrements at the 02 clock rate as scaled by the Prescaler. 
When the counter decrements below $0000, CNTR toggles from 
low to high (or high to low depending upon its initial state), the 
counter is reloaded with the UL and LL value and the counter 
continues down-counting. The UF bit in the SR is set the first 
time the counter decrements past $0000 and is cleared only if 
a new write to UL at register address occurs. Figure 1 1 shows 
the timing relationship of a Mode 6 operation. 

This mode can be used to generate an asymmetrical waveform 
by toggling the UL and LL with the CNTR high and low times. 
Immediately after starting the counter with the first CNTR low 
time, load the LL and UL (by writing to register address 1 , which 
does not restart the counter) with the CNTR high time. When 
the first counter underflow occurs, the counter loads the new 
latch value (i.e., the CNTR h igh t ime) into the counter and con- 
tinues counting. During the IRQ interrupt processing resulting 
from the first counter time-out, load the LL and UL (at register 
address 1) with the original CNTR low time. Continue to alter- 
nate loading of the high and low time latch values during the 
interrupt processing for the duration of the mode. 

Typical Application: Can be used to supply external, circuitry 
with a software variable clock based upon the system 02 clock 
(e.g., a tone generator for audio feedback). 
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Figure 10. Mode 5— One-Shot Pulse Width Generation Timing 
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Figure 11. Mode 6— Free-Run Pulse Generation Timing 
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MODE 7— RETRIGGERABLE INTERVAL TIMER 

The Counter/Timer operates as a timer which is retriggered, i.e., 
reinitialized to its starting value, upon detection of a negative 
transition on the CNTR input. The counter is initially loaded with 
the UL and LL value when the UL Is written to register address 
0. The counter starts decrementing at the 02 clock rate (as 
scaled by the Prescaler) when a falling edge (high to low tran- 
sition) is detected on GNTR. The counter is reinitialized to the 
UL and LL value whenever a falling edge is subsequently 
detected on CNTR. If the counter decrements past $0000 before 
the falling edge is detected, the UF bit is set in the SR, the 
counter is initialized to the UL and LL value and the count-down 
continues. 

Typical Application: Can be used to monitor signals that should 
be periodic and can interrupt the processor if the signal being 
monitored does not occur within a specified time frame; such 
as a synchronous motor that has fallen out of synchronization. 



PRESCALER 

The Counter/Timer operates in either the divide by one or divide 
by sixteen mode. In the divide by one mode, the counter holds 
from 1 to 65,535 counts. The counter capacity is therefore 1 fxs 
to 65,535 /xs at 1 MHz 02 clock rate or 0.25 /xs to 16,383 /xs 
at a 4 MHz 02 clock rate. Timer intervalsgreater than the max- 
imum counte r val ue can be easily measured by counting under- 
flow flags or IRQ interrupt requests. 

The divide by sixteen prescaler can be enabled to extend the 
timing interval by 16. This provides timing from 1048.56 ms (1 
MHz) to 260.21 ms (4 MHz). The prescaler clocks the Counter/ 
Timer at the 02 clock rate divided by sixteen, except for Mode 
4. In Mode 4, sixteen positive CNTR edges must occur to dec- 
rement the Counter/Timer by one count 



INITIALIZING THE COUNTER/TIMER 

The following program segment is one suggested technique for 
initializing the Counter/Timer: 



iData Definition 




SL 


= $XXX0 


; Snapshot Latch 


UC 


= $XXX1 


; Upper Counter 


LC 


= $XXX2 


; Lower Counter 


SR 


= $XXX3 


; Status Register 


ULEC 


= $XXX0 


; Upper Latch and Enable Counter 


UL 


= $XXX1 


;Upper Latch 


LL 


= $XXX2 


; Lower Latch 


CMCR 


= $XXX3 


-Counter Mode Cbntroi Register 


[Program 






LDA 


#$modeO 


;disable Counter/Timer 


STA 


CMCR 


;write to mode register 


LDA 


#$mode 


iselect mode and Prescaler and 
IRQT enable/disable 


STA 


CMCR 


;write to mode register 



LDA #$lovalue 

STA LL 

LDA #$hivalue 

STA ULEC 



; lower latch value 
; write to lower latch 
; upper latch value 
;write to upper latch 
;clear underflow flag, and enable 
counter 



The following instructions is a way to change modes while the 
CounteF/Timer is in operation: 



LC^A #$mode 
S1A CMCR 



;select desired mode, except 

mode 
;write to mode register 




The change of mode operation will take effect irhmediately. 
Thus, the Free-Run Internal Timer mode (Mode 2) could be sys- 
tematically stopped by changing to the One-Shot Interval Timer 
mode (Mode 1). The Counter/Timer will then halt operation 
when the underflow conditio n occ urs. This technique can also 
be used to enable or disable IRQ during program execution. 

READING THE COUNTER/TIMER 

To service an interrupt request, the following sequence can be 
used: 

;get underflow flag 

;check if flag is set 

;get low counter value for overflow 

;get high counter value for overflow 

; underflow flag is cleared 



BIT $status 

BNE error 

LDA $LC 

LDX $SL 



By reading the LC and SL, It is possible to determine the amount 
of time between the interrupt request and servicing the interrupt. 

To read a timer valu6 at any time, the suggested technique is 
as follows: 

LDA $LC ; get low counter value 

; upper counter transferred to 

snapshot 
;any rhiscellaneous code to store 
value if desired 
LDA $SL ;get high counter value 



READ/WRITE TIMING 
CHARACTERISTICS OF PIAT 

Figure 12 is a timing diagram for the R65C24 PIAT during a 
Read operation (input mode). Figure 13 is a timing diagram for 
the PIAT during a Write operation (output mode). Table 5 shows 
the characteristics of the times shown in Figures 12 and 13. 
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Figure 12. Mode 7-~Retriggerable Interval Timer Timing 
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Figure 13. Read Timing Diagram 
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Figure 14. Write Timing Diagram 



READING THE PERIPHERAL A I/O PORT 

Performing a Read operation with RS1 = 0, RSO = and the 
Data Direction Register Access Control bit (CRA-2) == 1 , directly 
transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and 
output data. The processor must be programmed to recognize 
and interpret only those bits which are important to the particular 
peripheral operation being performed. 

Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is pos- 
sible for the data read by the processor to differ from the con- 
tents of the Peripheral Output Register for an output line. This 
is true when the I/O pin is not allowed to go to a full +2.4V DC 



when the Peripheral Output register contains a logic 1 . In this 
case, the processor will read a from the Peripheral A pin, even 
though the corresponding bit in the Peripheral Output register 
is a 1 . 

READING THE PERIPHERAL B I/O PORT 

Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output 
lines without causing incorrect data to be transferred back to the 
processor on a Read operation. 
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BUS TIMING CHARACTERISTICS 



Parameter 


Symbol 


1MHz 


2MHz 


3MHz 


4MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


(^2 Cycle 


TCYC 


10 


— 


0.5 


- 


0.33 


— 


0.25 


— 


tiS 


02 Pulse Width 


tc 


480 


_ 


240 


— 


180 


— 


120 


— 


ns 


<^2 Rise and Fall Time 


W.tfc 


— 


25 


_ 


15 


— 


12 


— 


10 


ns 


READ TIMING 


Address Set-Up Time 


tACR 


140 


- 


70 


— 


53 


— 


35 


— 


ns 


Address Hold Time 


*CAR 





"- 





- 





— 





— 


ns 


Peripheral Data Set-Up Time 


tpCR 


300 


_- 


150 


— 


110 


— 


75 


->. 


ns 


Data Bus Delay Time 


tCDR 


— 


395 


- 


190 


— 


100 


--. 


75 


ns 


Data Bus Hold Time 


tHR 


20 


— 


20 


— 


20 


— 


20 


— 


ns 


WRITE TIMING 


Address Set-Up Time 


Ww 


140 


— 


70 


— 


53 


— 


53 


— 


ns 


Address Hold Time 


tCAW 





— 





— 





— 





— 


ns 


R/W Set-Up Time 


Wow 


180 


- 


90 


■ - 


67 


- 


45 


- 


ns 


R/W Hold Time 


tcww 





- 





- 





- 





— 


ns 


Data Bus Set-Up Time 


bcw 


180 


- 


90 


- 


67 


- 


45 


— 


ns 


Data Bus Hold Time 


tHW 


10 


_. 


10 


- 


10 


_ 


10 


_ 


ns 


Peripheral Data Delay Time 


tcpw 


— 


10 


-^ ■■: 


0.5 


— 


0.33 


— 


0.25 


/iS 


Peripheral Data Delay Time 
to CMOS Level 


tcMOS 


- 


2.0 


- 


1.0 


- 


0.7 


- 


0.5 


flS 


PERIPHERAL INTERFACE TIMING 


Parameter 


Symbol 


1MHz 


2MHz 


3MHz 


4MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Peripheral Data Setup 


tpCR 


300 


— 


150 


, _ 


110 


— 


75 


— 


ns 


</)2 Low to CA2 Low Delay 


tCA2 


— 


1.0 


__ 


0.5 


— 


0.33 


— 


0.25 


lis 


4>2 Low to CA2 High Delay 


tRSl 


— 


1.0 


_ 


0.5 


— 


0.33 


— 


0.25 


lis 


CA1 Active to CA2 High Delay 


*RS2 


— 


2.0 


_- 


1.0 


— 


0.67 


— 


0.5 


fiS 


<t>2 High to CB2 Low Delay 


tcB2 


— 


1.0 


— 


0.5 


;■ ■■ ~ 


0.33 


— 


0.25 


lis 


Peripheral Data Valid to CB2 Low Delay 


toe 





1.5 





0.75 





0.5 





0.37 


lis 


<f>2 High to CB2 Hgh Delay 


tRS1 




1.0 


--.. 


0.5 


— 


0.33 


__ 


0.25 


lis 


CB1 Active to CB2 High Delay 


tRS2 




2.0 


- 


1.0 


- 


0.67 


- 


0.5 


lis 


CA1 , CA2, CB1 and CB2 
Input Rise and Fall Time 


tptf 


- 


1.0 


- 


1.0 


- 


1.0 


- 


1.0 


lis 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V|N 


-0.3 to Vcc +0-3 


Vdc 


Output Voltage 


VouT 


-0.3 to Vcc +0.3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


to +70 
-40 to +85 


°C 


Storage Temperature 


TSTG 


-55 to +150 


OC 


OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


0" to 70OC 
-40*' to +85'='C 



*Note: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 




DC CHARACTERISTICS 

Vcc = 5.0V ±5%, Vss = 0, Ta = Tl to Th, (unless otherwise noted) 



Parameter 


Symbol 


Min 


Typ3 


Max 


Uniti 


Test Conditions 


Input High Voltage 


V,H 


+ 2.0 


— 


Vcc 


V 




Input Low Voltage 


V,L 


-0.3 


- 


+ 0.8 


V 




Input Leakage Current: 
R/W, RES, RSO, RSI, RS2, CSO, CS2, CA1, 
CB1 , <^2 


•in , 


" 


±1 


±2.5 


Ilk 


V,N = OV to Vcc 
Vcc = 5.25V 


Input Leakage Current for Three-State Off 
D0-D7, PB0-PB7, CB2 


«TSI 


— 


±2 


±10 


l^fi< 


V|N = 0.4V to 2.4V 
Vcc = 5.25V 


Input High Current 
PA0-PA7, CA2 


'IH 


-200 


-400 


— 


^A 


V|H = 2.4V 


Input Low Current 
PA0-PA7, CA2 


l|L 


— 


-2 


-3.2 


mA 


V,L = 0.4V 


Output High Voltage 
Logic 
PB0-PB7, CB2 (Darlington Drive) 


VoH 


2.4 
1.5 


- 


- 


V 
V 


Vcc = 4.75V 
Iload * 200/^ 
'load2 = -3-2 mA 


Output Low Voltage 
PA0-PA7, CA2, PB0-PB7, CB2 
D0.D7, IRQ. CNTR 


Vol 


~ 




+ 0.4 


V 


Vcc = 4.75V 
'load = 3.2 mA 
•load = 1-6 mA 


Output High Current (Sourcing) 
Logic 
PB0-PB7, CB2 (Darlington Drive) 


Iqh 


-200 
-3.2 


-1500 
-6 


- 


mA 


VoH = 2.4V 
VoH = 1.5V 


Output Low Current (Sinking) 
PA0-PA7. PB0-PB7, CB2, CA2 
D0-D7, IRQ, CNTR 


Iql 


3.2 

1.6 


- 


- 


mA 
mA 


Vol = 0-4V 


Output Leakage Current (Off State): 
IRQ 


Iqff 


— 


1 


±10 


t^ 


VoH = 2.4V 
Vcc = 5.25V 


Power Dissipation 


Pd 


- 


7 


10 


mW/MHz 




Input Capacitance 
D0-D7, PA0-PA7, PB0-PB7, CA2, CB2, CNTR 
R/W, RES. RSO, RS1, RS2. CSO, CS2 
CA1,CB1,02 


C,N 


- 




10 
7 
20 


pF 
PF 
pF 


Vcc = 5.0V 
V,N = OV 
f = 2 MHz 
Ta = 25°C 


Output Capacitance 


Cqut 


- 


- 


10 


pF 




Notes: 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive Indicates inward flow. 

3. Typical values are shown for Vcc = 5.0V and TA = 25°C. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



L B 

n 



"-itt, 



53 



j-^ 1^ -JU-j 






40-PIN PLASTIC DIP 



Q u k; i j v V u v; u u u u k; u u u v u u u 







DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


c 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


0,070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0:100 


0:165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0° 


10° 


0" 


lO'^ 


N 


0.51 


1.52 


0.020 


0.060 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 





0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120, 


0.140 


L 


15.24 BSC 


0.600 BSC 


M 


7° 


10° 


7° 


10" 


N 


0.51 


1.02 


0.020 


0.040 
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R65C51 

ASYNCHRONOUS COMMUNICATIONS 

INTERFACE ADAPTER (ACIA) 



DESCRIPTION 



PRELIMINARY 

FEATURES 



The Rockwell CMOS R65C51 Asynchronous Communications 
Interface Adapter (ACIA) provides ah easily implemented, pro- 
gram controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and modems. 

The ACIA has an Internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 15 dif- 
ferent rates from 50 to 19,200 baud, or at Vie times an external 
clock rate. The Receiver baud rate may be selected under pro- 
gram control to be either the Transmitter rate, or at Vie times 
the external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 11/2, or 
2 stop bits. 

The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementa- 
tion. Three separate registers permit the MPU to easily select 
the R65C51 's operating modes and data checking parameters 
and determine operational status. 

The Command Register controls parity, rec eiver echo mode, 
transmitter interrupt control, the state of th e RTS line, receiver 
interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The S tatus Register indicates the states of the IRQ, DSR, and 
DCD lines, Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 

ORDERING INFORMATION 



PartNo.:R65C5l. 




^—Temperature Range (Tl to Th): 
Blank = 0°C to +70°C 
E = -40°C to +85°C 




1 = r MHz 
2=2 MHz 

3 = 3 MHz 

4 =4 MHz 




C = Ceramic 
P = Plastic 



Low power CMOS N-well silicon gate technology 
Direct replacement for NMOS R6551 ACIA 
Full duplex operation with buffered receiver and transmitter 
Data set/modem control functions 

Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

Program-selectable internally or externally controlled receiver 
rate 

Programmable word lengths, number of stop bits, and parity 
bit generation and detection 
Programmable interrupt control 
Program reset 

Program-selectable serial echo mode 
Two chip selects 
2 or 4 MHz operation 
5.0 Vdc ± 5% supply requirements 
28-pin plastic or ceramic DIP 
Full TTL compatibility 

Compatible with R6500, R6500/* and R65C00 micro- 
processors 




vss 
cso 
CST 
RES 
RxC 
XTLI 
XTLO 
RTS 
CTS 
TxD 
DTR 
RxD 
RSO 
RSI 



1 


28 


2 


27 


3 


26 


4 


25 


5 


24 


6 


23 


7 


22 


8 


21 


9 


20 


10 


19 


11 


18 


12 


17 


13 


16 


14 


15 



R/W 
02_ 
HI IRQ 
=3 D7 

ZJ D6 
13 D5 
HI D4 
D3 
D2 
D1 
DO 
DSR 
Z3 DCD 
VCC 



Figure 1 . R65C51 ACIA Pin Configuration 
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TRANSMIT 
CONTROL 



■CTS 



D0-D7 




TRANSMIT 

SHIFT 

REGISTER 



TxD 



DCD 




RECEIVE 

SHIFT 

REGISTER 



RECEIVE 
CONTROL 



RxD 



Figure 2. ACIA Internal Organization 



FUNCTIONAL DESCRIPTION 

A block diagram of the ACIA is presented in Figure 2 followed 
by a description of each functional element of the device. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal_data bus. The Data Bus Buffer is bi-directional. When 
the R/W line is high and the chip is selected, the Data Bus Buffer 
passes the data from the system data lines to the ACIA internal 
data bus. When the FVW line is low and the chip is selected, the 
Data Bus Buffer writes the data from the internal data bus to the 
system data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if ena bled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause ap interrupt request if enabled by the Com- 
mand Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal registers 
in preparation for a data transfer on the internal data bus and 
the direction of the transfer to or from the register. 

The registers are selected by the Receiver Select (RS1, RSO) 
and Read/Write (R/W) lines as described later in Table 1. 



TIMING AND CONTROL 

The Timing and Control logic controls the timing of data trans- 
fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 
reset features. 

Timing is controlled by the system jef2 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the JZf2 high period when selected. 

All registers will be in itialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 



TRANSMITTER AND RECEIVER DATA REGISTERS 

These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select (RSO)^nd Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 

Bit is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care". 

The Receiver Data Register holds the first received data bit in 
t)it (least significant bit first). Unused high-order bits are "0". 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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STATUS REGISTER 

The Status Register indicates the state of interrupt conditions 
and other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through respectively). 



7 


6 


5 


4 


3 


2 


1 





IRQ 


DSR 


DCD 


TORE 


RDRE 


OVRN 


FE 


PE 



Bit? 



1 


Interrupt (IRQ) 

No interrupt 
Interrupt has occurred 


Bite 



1 


Data Set Ready (DSR) 

DSR low (ready) 
DSR high (not ready) 


Bits 



1 


Data Carrier Detect (DCD) 

DCD low (detected) 
DCD high (not detected) 


Bit 4 



1 


Transmitter Data Register Empty 

Not empty 
Empty 


Bits 


1 


Receiver Data Register Full 

Not full 
Full 


Bit 2 


Overrun* 




1 


No overrun 

Overrun has occurred 


Bit1 


1 


Framing Error* 

No framing error 
Framing error detected 


BitO 



1 


Parity Error* 

No parity error 
Parity error detected 



*No interrupt occurs for these conditions 
Reset Initialization 



Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (2) 

None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Fteg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 



Receiver Data Register Full (Bit 3) 

This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a (is cleared) when the processor reads the Receiver Data 
Register. 



Transmitter Data Register Empty (Bit 4) 

This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to a (is cleared) when the processor writes new data 
onto the Transmitter Data Register. 



Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (IRQ) occurs, unle ss bit 
1 of the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. 



Interrupt (Bit 7) 

This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a (is cleared) when the Status Register is read. 




7 6 5 4 3 2 10 
L.~~2- — — — ^ 



Hardware reset 
Program reset 
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CONTROL REGISTER 

The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 



7 


6 


5 


4 


.. 3. 


2 


1 





SBN 


WL 


RCS 


SBR 1 




WL1 


WLO 


SBR3[SBR2 


SBR1 


SBROJ 



Bit? 


1 
1 

1 



Bits 6-5 



Stop Bit Number (SBN) 

1 Stop bit 

2 Stop bits 
m Stop bits 

For WL =^ 5 and no parity 

1 Stop bit 

For WL = 8 and parity 

Word Length (WL) 

No. Bits 
8 
7 
6 

-5. ■-■ 



Bit 4 Receiver Clock Source (RCS) 

External receiver clock 

1 Baud rate 

Bits 3-d Selected Baud Rate (SBR) 



3^ 



2 



1 




__ 




Baud 
16x 


1 


50 


10 


75 


1 1 


109.92 


1 


134.58 


10 1 


150 


1 10 


300 


1 1 1 


600 


10 


1200 


10 1 


1800 


1 1 


2400 


10 11 


3600 


110 


4800 


110 1 


7200 


1110 


9600 


1111 


19,200 


Reset Initialization 




7 6 5 4 3 2 1 




























Hardware reset (RES) 


- 


- 


- 


- 


- 


- 


- 


- 


Program reset 



Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits select the Transmitter baud rate, which can be at 
Vi6 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 

If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 











RxD 
RxC 

TxD 




RECEIVER 
SHIFT REGISTER 


^ 




f 






♦ 


CONTROL 
REGISTER 


r 


CLOCK 
DIVIDER " 
(16) 


SYNC 
•" LOGIC 










\ 










► 


CLOCK 

DIVIDER 

(16) 




XTLI-*^ 
XTLO-P- 


BAUD RATE 
GENERATOR 




t 1 h 




i 






BITS 0-3 IN 

CONTROL 

REGISTER 


TRANSMITTER 
SHIFT REGISTER 

















Figure 3. Transmitter/Receiver Clock Circuits 



Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A causes 
the Receiver to operate at a baud rate of Vie an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 
bits). 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A always 
indicates one stop bit. A 1 indicates IV2 stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, and 2 stop bits in all other configurations. 
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COMMAND REGISTER 

The Command Register controls specific modes and functions. 



7 


6 


5 


4 


3 


2 


1 





PMC 


PME 


REM 


TIC 


IRD 


DTR 


PNC1 


PNCO 


TIC1 


TICO 



Bits 7-6 

7 6 



Bits 





1 

Bit 4 


1 



Bit 1 



1 



Parity Mode Control (PMC) 

Odd parity transmitted/received 
Even parity transmitted/received 
Marl< parity bit transmitted 
Parity cliecl< disabled 
Space parity bit transmitted 
Parity check disabled 

Parity Mode Enabled (PME) 

Parity mode disabled 
No parity bit generated 
Parity check disabled 
Parity mode enabled 

Receiver Echo Mode (REM) 

Receiver normal mode 

Receiver echo mode bits 2 and 3 

Must be zero for receiver echo mode, RTS will 

be low. 



Bits 3-2 Transmitter Interrupt Control (TIC) 



RTS = High, transmit interrupt disabled 
RTS = Low, transmit interrupt enabled 
RTS = Low, transmit interrupt disabled 
RTS = Low, transmit interrupt disabled 
transmit break on TxD 

Interrupt Request Disabled (IRD) 

IRQ enabled 
IRQ disabled 



Data Terminal Ready (Bit 0) 

This bit enables all selecte d inte rrupts and controls the state of 
the Data Terminal Ready (DTR) line. A ind icate s the micro- 
computer system Is not ready by setting the DTR line high. A 
1 ind icates the microcomputer system is ready by setting the 
DTR line low. 



Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt when 
set to a 1 . The Receiver interrupt is enabled when this bit is set 
to a and Bit is set to a 1 . 



Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 



Receiver Echo Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a enables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 



Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 

Parity Mode Control (Bits 6, 7) 

These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 




BitO Data Terminal Ready ( DTR) 

Data terminal not rea dy (D TR high) 

1 Data terminal ready (DTR low) 



Reset Initialization 
7 6 54 3 2 10 



.— 



Hardware reset (RES) 
iPrbgram reset 
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INTERFACE SIGNALS 

Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modem. 
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REGISTERS 
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REGISTER 




02—^ 


TIMING 
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RES-^ 
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DATA& 
SHIFT 
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CONTROL 
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Figure 4. ACIA Interface Diagran 



MICROPROCESSOR INTERFACE 

Reset (RE§) 

During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The 
Status Register is cleared with the exception of the indications 
of Data Set Rea dy and Da ta Car rier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one 02 clock cycle 
for a reset to occur. 

Input Clock 0^2) 

The input clock is the system 02 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 

Read/Write (R/W) 

The R/W input, generated by the microproce^or controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 



Interrupt Request (IRQ) 

The IRQ pin is an interrupt output from the interrupt control logic. 
It is an open drain output, permitting several devices to be con- 
nected to tjjecommon IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 



Data Bus (D0-D7) 

The eight data line (D0-D7) pins transfer data between the pro- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. 



Chip Selects (CSO, CS1) 

The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or through decoders. The 
ACIA is selected when CSO is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (RSO, RS1). 



Register Selects (RSO, RSI) 

The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. 





Table 1. ACIA Register 


Selection 


RS1 


RSO 


Register Operation 


R/W = Low 


R/W = High 


L 


L 


Write, Transmit Data 
Register 


Read Receiver 
Data Register 


L 


H 


Programmed Reset 
(Data is "Don't 
Care") 


Read Status 
Register 


H 


L 


Write Command 
Register 


Read Command 
Register 


H 


H 


Write Control 
Register 


Read Control 
Register 



Only the Command and Control registers can both be read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through in the Com- 
mand register and bit 2 in the Status Register. The Control Reg- 
ister is unchanged by a programmed Reset, it should be noted 
that the programmed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 
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ACI A/MODEM INTERFACE 

Crystal Pins (XTLI, XTLO) 

These pins are normally directly connected to the external 
crystal (1 .8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 
in which case the XTLO pin must float. XTLI is the input pin for 
the transmit clock. 

Transmit Data (TxD) 

The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 

Receive Data (RxD) 

The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. 

Receive Clock (RxC) 

The RxC is a bi-directional pin which is either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 

Request to Send (RTS) 

The ftTS output pin c ontrols the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 



Clear to Send (CIS) 

The CTS inp ut pin controls the transmitter operation. The enable 
st ate is with CTS low. The transmitter is automatically disabled 
if CTS is high. 

Data Terminal Ready (DTR) 

This outp ut pin indicates the status of the ACIA to the modem. 
A low on DTB indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit of the 
Command Register. 

Data Set Ready (D§R) 

The DSR input pin indicates to the ACIA the status of the 
modem. A low Indicates the "ready" state and a high, "not- 
ready." 

Data Carrier Detect (DCD) 

The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that It is not. 

TRANSMITTER AND RECEIVER OPERATION 

Continuous Data Transmit 

In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 

The processor must then identify that the Transmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous "MARK" will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. 
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Figure 5. Continuous Data Transmit 
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Continuous Data Receive 

Similar to the Continuous Data Tr ansm it case, the normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ^/le point through 
the Stop Bit. The processor must read the Status Register and 



read the data word before the next interrupt, othen/vise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 
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Figure 6. Continuous Data Receive 



Transmit Data Register Not Loaded by Processor 

If the processor is unable to load the Transmit Data Register in 
the allocated time, then theTxD line goes to the "MARK" con- 
dition until the data is loaded. IRQ Interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 



When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 
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Figure 7. Transmit Data Register Not Loaded by Processor 
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Effect of GTS on Transmitter 

CTS is the Clear-to-Send signal generated by tlie modem. It is 
normally low (true state) but may go high in the event of some 
modem problems. When this occurs, the TxD line goes to the 
"MARK" condition after the entire last character (including parity 
and stop bit) have been transmitted. Bit 4 in the Status Register 



indicates that the Tr ansm itter Data Register is not empty and 
IRQ is not asserted. CTS Is a transmit control line only, and has 
no effect on the ACIA Receiver Operation. Figure 8 shows the 
timing relationship for this mode of operation. 
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Figure 8. Effect of CTS on Transmitter 



Effect of Overrun on Receiver 

If the processor does not read the Receiver data Register In the 
allocated time, then, when the following Interrupt occurs, the 
new data word is not transferred to the Receiver Data Register, 



but the Overrun status bit Is set. Thus, the Data Register will 
contain the last valid data word received and all following data 
is lost. Figure 9 shows the timing relationship for this mode. 



CHAR#n 



CHAR#n+1 



CHAR#n+2 



CHAR#n+3 



J 



RxD I Stop 



"x/- 



^N 


p.;. 


Stop 


Start 


«0 


^1 



"X/^ 



E 


P 


Stop 


Start 


«0 


h 



Start 



Stop 



IRQ I 



V. 



PROCESSOR ^^^ 

INTERRUPT ^ PROCESSOR 

FOR RECEIVER READS 

DATA REGISTER STATUS 

FULL REGISTER 



PROCESSOR 
DOES NOT 
READ DATA 
REGISTER 



~1 



V 



M. 



RECEIVER DATA REGISTER 
NOT UPDATED. BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA, OVERRUN 
BIT SET IN STATUS 
REGISTER 



PROCESSOR DOES 
NOT READ STATUS 
REGISTER 



OVERRUN BIT SET IN 
STATUS REGISTER 



Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by 1/2 of the bit time, as shown in Figure 10. 
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Figure 1 0. Echo lUlode Timing 



Effect of GTS oh Echo Mode Operation 

In Echo Mode, the Receiver operation is unaf fected by CIS, 
however, the Transmitter is affected when CIS goes high, i.e., 
the TxD line immediately goes to a continuous "MARK" con- 
dition. In this case, however, the Status Request indicates that 



the Receiver Data Register is full in response to an IRQ, so the 
processor has no way of knowing that the Transmitter has 
ceased to echo. See Figure 1 1 for the timing relationship of this 
mode. 
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Figure 1 1 . Effect of CTS on Echo Mode 
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Overrun in Echo Mode 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 



"MARK" condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 
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Figure 12. Overrun in Echo iMode 



Framing Error 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register can also be 



checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 
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Figure 13. Framing Error 
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Effect of DCD on Receiver 

DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop trans mittin g data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 



Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the p rocessor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRQ occurs (see Figure 
14). 
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Figure 14. Effect of DCD on Receiver 



Timing witti IVa Stop Bits 

It is possible to select IV2 Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 



trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. 
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Figure 15. Timing witti IV2 Stop Bits 
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Transmit Continuous "BREAK" 

This mode is selected via the ACIA Gommand Register and 
causes the Transmitter to send continuous "BREAK" charac- 
ters, beginning with the next character transmitted. At least one 
full "BREAK" character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 



Note 

If, while op eratin g in the Transmit Continuous "BREAK" 
mode, the CTS shoul d go to a high, the TxD will be 
overridden by the CTS and will go to continuous "MARK" 
at the beginning of the next character transmitted after the 
CTS goes high. 
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Figure 16. Transmit Continuous "BREAK" 



Receive Continuous "BREAK" 

In the event the modem transmits continuous "BREAK" char- 
acters, the ACIA will terminate receiving. Reception will resume 
only after a Stop Bit is encountered by the ACIA. Figure 17 



shows the timing relationship for continuous "BREAK" 
characters. 
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STATUS REGISTER OPERATION 

Because of the special functions of tiie various status bits, there 
is a suggested sequence for checl^ing them. When an interrupt 
occurs, the ACIA should be interrogated, as follows; 



1 . Read Status Register 

This operation autom atic ally c lears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 

2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 

These must be compared to their previous levels, which must 
have been saved by the processor. If they are both (modem 
"on-line") and they are unchanged then the remaining bits 
must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above conditions exist, then CTS must have 
gone to the false (high) state. 



PROGRAM RESET OPERATION 

A program reset occurs when the processor performs a write 
operation to the ACIA with RSO low and RS1 high. The program 
r eset operates somewhat different from the hardware reset 
(RES pin) and is described as follows: 



1. Internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 

2. The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occurs, it st ay s low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupt s are dis abled immediately. If IRQ is 
low a nd w as ca used by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur; 

5. Overrun cleared, if set. 



MISCELLANEOUS 

1. If Echo Mode is selected, RTS goes low. 

2; If Bit of Command Register is (disabled), then: 

a) All in terru pts a re disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation simulta- 
neously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high right 
after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway into the bit to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 

7. Precautions to consider with the crystal oscillator circuit: 

a) The external crystal should be a "series" mode crystal. 

b) The XTALI input may be used as an external clock input. 
The unused pin (EXTALO) must be floating and may not 
be used for any other function. 

8. DCD and DSR transitions, although causing immediate pro- 
cessor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be terminated either to GND or Vcc- 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate divi- 
sor for the crystal frequency by means of bits 0-3 of the ACIA 
Control Register, as shown in Table 2. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be generated. 
These can be determined by: 



Baud Rate = 



Crystal Frequency 
Divisor 



Furthermore, It is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 
6) must be the clock input and XTALO (pin 7) must be a no- 
connect. 
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Table 2. Divisor Selection 
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DIAGNOSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system incorporating an ACIA 
is shown in Figure 1 8. 

It may be desirable to include in the system a facility for "loop- 
back" testing, of which there are two kinds: 

1 . Local Loop-Back 

Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively discon- 
nected and the ACIA transmitter connected back to its own 
receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data channel. 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 

The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB = high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

3. Connects transmit ter o utp uts t o resp ec tive receiver inputs 
(i.e., TxD to RxD, DTR to DCD, RTS to CTS). 



LLB may be tied to a peripheral control pin (from an R65C21 
or R65C24, for example) to provide processor control of local 



loop-back operation. In this way, the processor can easily per- 
form local loop-back diagnostic testing. 

Remote loop-back does not require this circuitry, so LLB must 
be set low. However, the processor must select the following: 

1 . Control Register bit 4 must be 1 , so that the transmitter clock 
equals the receiver clock. 

2. Command Register bit 4 must be 1 to select Echo Mode. 

3. Command Regi ster b its 3 and 2 must be 1 and 0, respec- 
tively to disable IRQ interrupt to transmitter. 

4. Command Register bit 1 must be to disable IRQ interrupt 
for receiver. 

In this way, the system re-transmits received data without any 
effect on the local system. 
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Figure 18. Simplified System Diagram 
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Figure 19. Loop-Bacl( Circuit Schematic 
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READ TIMING DIAGRAM 

Timing diagrams f or tra nsmit with external clock, receive with 
external clock, and IRQ generation are shown in Figures 20, 21 
and 22, respectively. The corresponding timing characteristics 
are listed in Table 3. 

Table 3. Transmit/Receive Characteristics 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


MIn 


Max 


Min 


Max 


Transmit/Receive 
CIcxjk Rate 


toCY 


400* 


— 


400* 


— 


ns 


Transmit/Receive 
Clock High Time 


tcH 


175 


— 


175 


— 


ns 


Transmit/Receive 
Clock Low Time 


tcL 


175 


— 


175 


— 


ns 


XTLItoTxD 
Propagation Delay 


toD 


— 


500 


— 


500 


ns 


RTS Propagation 
Delay 


toLY 


— 


500 


— 


500 


ns 


IRQ Propagation 
Delay (Clear) 


t|RQ 


— 


500 


— 


500 


ns 


Notes: 

(tR, tF= 10 to 30 ns) 

*Tho haiiH rata uuith A^'t^-"'^! '^l>^'^LF:n1 i^^- D^,.M ca»«» 


1 






.iMiiy i 






16 X tcCY 



XTLI 

(TRANSMIT 
CLOCK INPUT) 



-tcCY- 



tCH 



/ \ 



tDD- 



-tCL— i 



TxD 



1 



NOTE: TxD RATE IS 1/16 TxC RATE 




Figure 20. Transmit Timing with External Cloclc 




Figure 21. 


Receive External Clock Timing 
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/ ^ 
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*tDLY* 
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III 
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Figure 22. interrupt and Output Timing 
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AC CHARACTERISTICS 



Parameter 


Symbol 


2 MHz 


4 MHz 


Unit 


Min 


Max 


Min 


Max 


02 Cycle Time 


tcYC 


500 


— 


250 


_ 


ns 


02 Pulse Width 


tc 


200 


— 


100 


— 


ns 


Address Set-Up Time 


tAC 


60 


— 


30 


-_ 


ns 


Address Hold Time 


tCAH 





— 





— 


ns 


R/W Set-Up Time 


two 


60 


— 


30 


- 


ns 


R/W Hold Time 


tcWH 





- 





- 


ns 


Data Bus Set*Up Time 


tocw 


60 


— 


35 


_ 


ns 


Data Bus Holcj Time 


^HW 


10 


— 


5 


- 


ns 


Read Access Time (Valid Data) 


tCDR 


- 


150 


_> 


50 


ns 


Read Hold Time 


tHR 


10 


_ 


10 


_ 


ns 


Bus Active Time (Invalid Data) 


tcDA 


20 


— 


10 


— 


ns 


Notes: 

1. Vcc « 5.0V ±50/0. 

2. Ta - TlIoTh. 

3. tpand tp = 10 to 30 ns. 
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Figure 23. Write Timing Diagram 
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Figure 24. Read Timing Characteristics 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


input Voltage 


V,N 


-0.3 to Vcc +0.3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0.3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto+70 
-40 to +85 


^'C 


Storage Temperature 


TSTQ 


-55 to +150 


OC 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 




OPERATING CONDITIONS 





Symbol 


Value 


Supply Voltage 


Vcc 


5V ±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


0» to TO^C 
-40«»Cto +85-C 



DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vgs = 0, Ta = T|. to Th, unless otherwise noted) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Test Conditions 


input High Voltage 


V,H 


2.0 


-> 


Vcc 


V 




Input Low Voltage 


V,L 


-0.3 


-. 


+ 0.8 


V 




Input Leakage Current: 
02, R/W, MES, CSO. C§T, RSO. RS1. CTS, RxD, DCD, DSR 


l|N 


^ 


±1 


±2.5 


,iA 


V,N = OV to Vcc 
Vcc = 5.25V 


Input Leakage Current (Tliree State Off) 
D0-D7 


Itsi 


— 


±2 


±10 


mA 


V|N « 0.4V to 2.4V 
Vcc - 5.25V 


Output High Voltage: 
D0-D7, TxD. RxC. RTS. DTR 


VOH 


2.4 


— 


— 


V 


Vcc = 4.75V 
"load - -100VV 


Output Low Voltage: 
D0-D7, TxD, RxC, RT§, DtR, IMQ 


Vol 


— 


— 


0.4 


V 


Vcc « 4.75V 
iL0AD-1-6mA 


Output High Current (Sourcing): 
D0-D7, TxD, RxC, RT§, DTR 


lOH 


-200 


-400 


— 


mA 


VoH = 2.4V 


Output Low Current (Sinking): 
D0-D7, TxD, RxC, RTS, DTR, IRQ 


loL 


1.6 








mA 


Vol = 0.4V 


Output Leakage Current (off state): IRQ 


loFF 


- 




10 


mA 


Vqut = 5.0V 


Power Dissipation 


Pd 


- 


7 


10 


mW/MHz 




Input Capacitance 
All except 02 
02 


^CLK 


- 




20 
10 


PF 
PF 


Vcc = 50V 
V,N = OV 
f = 2 MHz 
Ta - 25''C 


Output Capacitance 


COUT 


- 




10 


pF 




Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc = 5-OV and TA = 25°C. 
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PACKAGE DIMENSIONS 




(-055) 
(.010) 



28-PIN CERAMIC DIP 



) 
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(.570> 



(1.420) 



(1.380) 
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X 



(.070) 
(•040) 
_ (.022) (-090) 
(.015) 



(•110) J L 

(.090) n r^ 




(•620) 
(.590) 



(.155) (.065) 
(.125) (.015) 



(.012) 
(.008) 



28-PIN PLASTIC DIP 



PIN NO. 1 
j^ IDENT. 



UUUUUUl/UUUUUUU 

(1-470) 



(.550) 
(.530) 



mi 




(110) (.150) (.060) 
(.090) ^ 12S) (.020) 
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R65C52 

DUAL ASYNCHRONOUS COMMUNICATIONS 

INTERFACE ADAPTER (DACIA) 



PRELIMINARY 



DESCRIPTION 



The Rockwell CMOS R65C52 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and niodems. 

The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/1 6 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 

The DACIA Is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow Independent control and monitoring 
of each channel. The DACIA also provides a unique, program- 
mable Automatic Address Rocognltion Mode for use in a multi- 
drop environment. 

The Control Register and Status Register permit the MPU to 
easily select the R65C52's operating modes and determine 
operational status. 

The Interrupt Enable Registers (lER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. 

The Control and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTR 
and RTS output signals. 

The Status Register (SR) gives the MPU access to the state of 
the modem control lines, framing error, transmitter underrun and 
break conditions. 

The Compare Data Registers (CDR) hold the data value to be used 
in the compare mode and the Transmit Break Register (TBR) 
commands a Transmit Break and provides for parity/address 
recognition, for Automatic Address Mode. 

The Transmitter Data Register and Receiver Data Register are 
used for temporary data storage of input and output data. 



FEATURES 

• Low power CMOS N-well silicon gate technology 

• Two independent full duplex channels with buffered receivers 
and transmitters. 

• Data set/modem control functions 

• Internal baud rate generator with 15 programmable baud 
rates (50 to 38,400) 

• Program-selectable internally or externally controlled receiver 
rate 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Programmable control of edge detect for DCD, DSR, DTR, 
RTS, andCTS 

• Program-selectable serial echo mode for each channel 

• Automatic Address Recognition Mode for multi-drop operation. 

• Up to 4 MHz host bus operation 

• 5.0 Vdc ±5% supply requirements 

• 40-pin plastic or ceramic DIP 

• Full TTL or CMOS input/output compatibility 

• Compatible with R6500 and R65C00 microprocessors and 
R6500/* microcomputers. 



ORDERING INFORMATION 




Part Number: 

R65C52 



Temperature Range (Tl to Th): 
Blank = CC to +70''C 
E = -40octo +85°C 

Frequency Range: 
2 = 2 MHz 
4 = 4 MHz 



Package 
C = Ceramic 
P = Plastic 



Document No. 29651 N68 
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RES [= 


1 ^ 40 


=] Vcc 


N/c nz 


2 


39 


=) CS 


XTALI i= 


3 


38 


dl R/W 


XTALO 1= 


4 


37 


=1 RS2 


CLKOUT i= 


5 


36 


d RSI 


*N/C C= 


6 


35 


d RSO 


DSR2 d 


7 


34 


d N/C* 


DCD2 1= 


8 


33 


d DSR1 


CTS2 1= 


9 


32 


d DCD1 


RTS2 d 


10 


31 


d CTS1 


IRQ2 d 


11 


30 


d RTS1 


RxD2 nz 


12 


29 


d IRQI 


DTR2 1= 


13 


28 


d RxDI 


■ncD2 d 


14 


27 


d DTR1 


TicC d 


15 


26 


d TxD1 


07 d 


16 


25 


d RxC 


D6 d 


17 


24 


d DO 


05 d 


18 


23 


d Dl 


D4 d 


19 


22 


d D2 


Vss d 


20 


21 


d D3 


*Note: Must be tied tc 


> Vcc 







Figure 1. R65C52 Pin Configuration 

INTERFACE SIGNALS 

Figure 2 shows the DACIA interface signals associated with the 
microprocessor and the modem. 

DATA BUS (Dd-DT) 

The Db-D7 pins are eight data lines that transfer data between 
the microprocessor (MRU) and the DACIA. These lines are bidirec- 
tional and are normally high-impedance except during READ cycle 
when the DACIA is selected. 



REGISTER SELECTS (RSO, RS1, RS2) 

The three register select lines are normally connected to the proc- 
essor address lines to allow the MRU to select the various Inter- 
nal registers. Table 1 shows the internal register select coding and 
identifies the abbreviations (ABBR) used throughout the text for 
each register. 

READ/WRITE (R/W) 

The R/W input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W line Indicates a read 
cycle, while a low indicates a write cycle. 

CHIP SELECT (CS) 

The chip select input is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 

RESET (RES) 

During system initiallzatlbn a low level on the RES input caus es a 
RESET to occur At this time the lER's are set to $80, the DTR and 
RTS lines go to the high state, the RDR register is cleared, 
the TBR is s et to $0F, the compare mode is disabled, and the GTS, 

DCD, DSR flags are Cleared. No other bits are affected. 

TRANSMIT DATA (TXD1,TXD2) 

The TxD outputs transfer serial non-return to zero (NRZ) data to 
the data communications equiprnent (DCE). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 

RECEIVE DATA (RXD1, RXD2) 

The RxD inputs transfer serial NRZ data into the DACIA from the 

DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator. 
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Figure 2. DACIA Interface Signals 

2-270 



R65G52 Dual Asynchronous Communications Interface Adapter (DACIA) 



CLEAR TO SEND (CTSI , CTS2) 

The C TS co ntrol line inputs allow handshaking by the transm itter. 
When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 
The word presently in the Tra nsmit Shift Register i s sent normally. 
Any active transition on th e CTS lines sets the CTS bit in the 
appropriate ISR. The CT S sta tus bit in the CSR reflects the cur- 
rent high or low state of CTS. 



DATA CARRIER DETECT (DCD1 , DCD2) 

These two lines ma y be u sed as general pur pose in puts. An active 
transition sets the DCD bit in th e ISR . The DCD bit in the CSR 
reflects the current state of the DCD line. 



DATA SET READY (DSR1 , DSR2) 

These two lines ma y be u sed as general purp ose in puts. An active 
transition sets the DSR bit in th e ISR . The DSR bit in the CSR 
reflects the current state of the DSR line. 



REQUEST TO SEND (RTS1 , RTS2) 

These two lines may be used as general purpose outputs. They 
areset high upon reset. Their state may be programmed by set- 
ting t he appropriate bits in t heCF R high or low. The state of the 
RTS lin^ is reflected by the RTS bit in the CSR. 



DATA TERMINAL READY (DTR1 , DTR2) 

These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
tingt he appropriate bits in t he CF R high or low. The state of the 
DTR line is reflected by the DTR bit in the CSR. 

INTERRUPT REQUEST (IRQ?, iRQ2) 

The I RQ lin es are open-drain outputs fr om the interrupt control 
logic. IRQ1 is associated with ACIA1 and IRQ2 is associated with 
ACIA2. These lines are normally high but go low when one of the 
flags in the ISR is set, provided that its corresponding enable bit 
is set in the lER. 




Table 1 . DACIA Register Selection 



HEX 
ADDR 


REGISTER SELECT 
LINES 


CONTROL AND FORMAT 
REGISTER BITS 


REG 
ABBR 


REGISTER ACCESS 


RS2 


RSI 


RSO 


CFR-7 


CFR-6 


WRITE 


READ 


00 


L 


L 


L ■,,/■: 


- 


'\r'- 


IER1 
ISR1 


INTERRUPT ENABLE 
REGISTER 1 


INTERRUPT STATUS 
REGISTER 1 


01 


L 


L 


H 





- 


CFR1 
SRI 


CONTROL 
REGISTER 1 


STATUS 
REGISTER 1 


■ "• .,■■ 


- 


DFR1 


FORMAT 
REGISTER 1 


INVALID 


02 


L 


H 


L 


- 





CDR1 


COMPARE DATA 
REGISTER 1 


INVALID 


- 


1 


TBR1 


TRANSMIT BREAK 
REGISTER 1 


INVALID 


03 


L 


H 


H 


- 


- 


TDR1 
RDR1 


TRANSMIT DATA 
REGISTER 1 


RECEIVE DATA 
REGISTER 1 


04 


H 


L 


L 


- 


- 


IER2 
ISR2 


INTERRUPT ENABLE 
REGISTER 2 


INTERRUPT STATUS 
REGISTER 2 


05 


H 


L 


H 





- 


CFR2 
SR2 


CONTROL 
REGISTER 2 


STATUS 
REGISTER 2 


1 


- 


CFR2 


FORMAT 
REGISTER 2 


INVALID 


06 


H 


H 


L 


- 





CDR2 


COMPARE DATA 
REGISTER 2 


INVALID 


- 


1 


TBR2 


TRANSMIT BREAK 
REGISTER 2 


INVALID 


07 


H 


H 


H 


- 


- 


TDR2 
RDR2 


TRANSMIT DATA 
REGISTER 2 


RECEIVE DATA 
REGISTER 2 
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FUNCTIONAL DESCRIPTION 

Figure 3 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 



INTERRUPT LOGIC 

The interrupt logic causes the IRQ lines (IRQ1 orlRQ2) to go low 
when conditions are met that require the attention of the MRU. 
There are two registers (the Interrupt Enable Register and the 
Interrupt Status Register) involved in the control of interrupts in 
the DACIA. Corresponding bits In both registers must be set to 
cause an IRQ. 
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Figure 3. DACIA Block Diagram 
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DATA BUS BUFFER 

The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passesdata from the internal data 
bus to the system data lines. When R/W is low and CS is low, data 
is brought into the DACIA from the system data bus. Table 2 sum- 
marizes the Data Bus Buffer states. 

Table 2. Data Bus Buffer Summary 



Control Signals 
R/W CS 


Data Bus Buffer State 


L L 


Write Mode — Tri-State 


H L 


Read Mode — Output Data 



TRANSMIT AND RECEIVE DATA REGISTERS 

These registers are used as temporary data storage for the DACIA 
Transmit and Receive circuits. The Transmit Data Register Is 
characterized as follows: 

• Bit is the leading bit to be transmitted. 

• Unused data bits are the high-order bits and are "don't care" 
for transmission. 

• Write-only register. 

The Receive Data Register is characterized in a similar fashion 
as follows: 

• Bit is the leading bit received. 

• Unused data bits are the high order bits and are "0" for the 
receiver. 

• Parity bits are not contained in the Receive Data Register, 
but are stripped off after being used for external parity check- 
ing. Parity and all unused high-order bits are "0". 

• Read-only register 

Figure 4 shows an example of a Parity Mode single transmitted 
or riBceived data word. In this example, the data word is format- 
ted with 8 data bits, parity, and two stop bits. Figure 4 also shows 
a single character transmitted or received in Address/Data Mode. 
In this example, the address or data word is 8 bits, there is no 
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Figure 4. Typical Character 



parity bit, and there are two stop bits. The 10th bit (normal parity 
bit) is an address/data indicator. A 1 means the 8 bits are an 
address and a means the 8 bits are data. 

CLOCK CIRCUIT 

The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
(RxC) and Transmitter External Clock (TxC) input pins. Figure 5 
shows the three possible clock configurations. 

Crystal (XTALI, XTALO) 

These pins are normally connected to an external 3.6864 MHz 
crystal used as the time base for the baud rate generator. As an 
alternative, the XTLI pin may be driven with an externally 
generated clock In which case the XTALO pin must float. 

Receiver Clock (RxC) 

This pin is the Receiver 1 6x clock Input when the baud rate gen- 
erator is programmed for external clock. Figure 15 shows timing 
considerations for RxC. 

Transmitter Clock (TxC) 

This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for external clock. Figure 1 6 shows tim- 
ing considerations for TxC. 

Note 

When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must 
be left open (floating). 

Clock Out (CLK OUT) 

This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 




15-20 pF 
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Figure 5. DACIA Clock Generation 
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CONTROL AND FORMAT REGISTER (CFR) 

The Control and Format Register (CFR) is a duai*f unction, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/TBR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit 7 = 1 , the 
CFR operates as a Formal Register. 



Control Register (CFR Addressed with Bit 7 = 0) 


7 


6 


5 


4 


3 2 1 





TBR/CDR 


NO. 
STOP 
BITS 


ECHO 


BAUD RATE SELECTION 



Bit 7 Control or Format Register 

Control Register 

Bite TBR/CDR 

1 Access the Transmit Break Register (TBR) 

Access the Compare Data Register (CDR) 

Bits Number of Stop Bits 

1 Two stop bits 

One stop bit 

Bit 4 Echo Selection (ECHO) 

1 Echo activated 

Echo deactivated 

Bits 3-0 Baud Rate Selection 

3 2 10 Baud Rate 

50 

1 109.2 

1 134.58 

1 1 150 
10 300 
10 1 600 

1 1 1200 
1 1 1 1800 
2400 
1 3600 
1 4800 

1 1 7200 

1 9600 
1 1 19200 

11 10 38400 

1111 External TxC and RxC Clocks 



Format Register (CFR Addressed with Bit 7 


= 1) 


7 


6 5 


4 3 


2 


1 





1 


NUMBER 

OF DATA 

BITS 


PARITY 
SELECTION 


PARITY 
ENABLE 


DTR 
CONTROL 


RTS 
CONTROL 



Bit 7 

1 


Control or Format Register 

Format Register 


Bits 6-5 


Number of Data Bits Per Channel 


6 5 


No. Bits 





5 


1 


6 


1 


7 


1 1 


8 


Bits 4-3 
4 3 


Parity Mode Selection 
Selects 




1 

1 

1 1 


Odd Parity 
Even Parity 
Mark Parity 
Space Parity 


Bit 2 

1 



Parity Enable 

Parity as specified by bits 4-3 
No Parity 


Biti 


DTR Control 


1 



DTR high 
DTR low 


BitO 


RTS Control 


1 



RTS high 
RTS low 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) is a write-only register that 
allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the lER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the lER with bit 7 set to a and every bit 
set to a 1 that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which a Is written is unaffected and remains 
in its original state. As an example, writing $7F to the lER will 
disable all IRQ source bits, but writing $FF toth e lER will enable 
all IRQ source bits. A hardware reset (RES) clears all IRQ 
source bits to the state. Bit assignments for the lER are as 
follows: 



7 


6 


5 


4 


3 


2 


1 





CLEAR/ 
SET 
BITS 


TDR 

EMPTY 

IE 


CfS 
IE 


DCD 
IE 


DSR 
IE 


PARITY 

ERROR 

IE 


FRM 

OVR 

BRK 

IE 


RDR 

FULL 

IE 
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INTERRUPT STATUS REGISTER (ISR) 

The interrupt Status Register (ISR) is a read-only register that 
identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through of the ISR are set to a i whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. 



7 


6 


5 


4 


3 


2 


1 





ANY 
BIT 
SET 


TDR 
EMPTY 


CTS 
TRANS 


DCD 
TRANS 


DSR 
TRANS 


PARITY 
ERROR 


PRM 
OVR 
BRK 


RDR 
FULL 



Bit 7 

1 


Bite 

1 



Bits 

1 



Bit 4 

1 



Any Bit Set 

Any bit (6 through 0) has been set to a 1 
No bits have been set to a 1 

Transmit Data Register Empty (TDR EIMPTY) 

Transmit Data Register has been transferred to 

the shift register 

New data has been written to the Transmit Data 



Transition On CTS Line (CTS TRANS) 

A pos itive or negative transition has occurred on 

CTS 

No transition has occurred on CTS, or iSR has 
been Read 

Transition On DCD Line (DCD TRANS) 

A pos itive or negative transition has occurred on 

DCD 

No transition has occurred on DCD, or ISR has 
been Read 



Bit 3 Transition On DSR Line (DSR TRANS) 

1 A pos itive or negative transition has occurred on 
DSR 

No transition has occurred on DSR, or ISR has 
been Read 

Bit 2 Parity Error 

1 A parity error has occurred in received data 

No parity error has occurred, or the Receive 

Data Register (RDR) has been Read 



CONTROL STATUS REGISTER (CSR) 

The Control Status Register (CSR) is a read-only register that pro- 
vides I/O status and error condition information. The CSR is nor- 
mally read after an IRQ has occurred to determine the exact 
cause of the interrupt condition. 



7 


6 


5 


4 


3 


2 


1 





FRAMING 
ERROR 


TRANS 
UNDR 


CTS 
STATUS 


DGD 
STATUS 


DSR 
STATUS 


REG 
BREAK 


DTR 
STATUS 


RTS 
STATUS 




Bit 7 Framing Error 

1 A framing error occurred in receive data 

No framing error occurred, or the RDR was 
Read 

Bit 6 Transmitter Underrun (TRANS UNDR) 

1 Transmit shift register is empty and TORE bits 
in iER and ISR are set 

A write to the TDR has occurred 

Bits CTS Status 

1 A low-to-high transition occurred on CTS line 

A high-to-low transition occurred on CTS line 

Bit 4 DCD Status 

1 A low-to-high transition occurred on DCD line 

A high-to-low transition occurred on DCD line 

Bit 3 DSR Status 

1 A low-to-high transition occurred on DSR line 

A high-to-iow transition occurred on DSR line 

Bit 2 REC Break 

1 A Receive Break has occurred 

No Receive Break occurred, or RDR, was read 

Bit1 DTR Status __ 

1 A low-to-high transition occurred on DTR line 

A high-to-low transition occurred on DTR line 

BitO RTS Status 

1 A low-to-high transition occurred on RTS line 
A high-to-low transition occurred on RTS line 



Bit 1 Frame Error, Overrun or Brealc (FRIM OVR 

BRK) 

1 A framing error, receive overrun, or receive 

break has occurred 

No error, overrun, break has occurred or RDR 
has been Read 

Bit Receive Data Register Full (RDR FULL) 

1 Shift register data has been transferred to 
Receive Data Register 

Receive Data Register has been Read 
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TRANSMIT BREAK REGISTER (TBR) 

The DACIA has two Transmit Break Registers which are write- 
only registers. Only two bits of these registers are used; one dur- 
ing the Receive mode to command a Transmit Break and the 
otherto provide for Parity/Address recognition. Writing a 1 to bit 1 
of the TBR causes a continuous Break to be transmitted by the 
ACIA associated with the register. Writing a to this bit allows 
normal transmission to resume. Writing at to bit of the TBR 
commands the value of the Parity bit to be sent to the Parity Error 
bit (bit 2 of the ISR). Writing a to this bit allo ws normal Parity 
Error recognition to be in force. When an RES is received by the 
DACIA, both of these bits are reset to 0. The bits format for the 
TBR are as follows: 



7 6 5 4 3 2 


1 





NOT USED 


TRANS 
BRK 


PAR/ 
ADDR 



Bits 7-2 Not used (don't care) 

Bit1 Transmit Break (TRANS BRK) 

1 Transmit continuous Break until disabled 

Resume normal transmission 

Bit Parity/ Address Recognition (PAR ADDR) 

1 Send value of parity to ISR bit 2 

Return to normal Parity Error recognition mode 



COMPARE DATA REGISTER 

The Compare Data Register (CDR) is a write-only register which 
can be accessed when CFR bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare mode. In this mode, set- 
ting of the RDRF bit is inhibited until a character is received which 
matches the value in the CDR. The next character is then received 
and the RDRF bit is set. The receiver will now operate normally 
until the CDR is again loaded. 

SUMMARY OF REGISTERS 

Table 3 shows the control and status registers associated with 
the DACIA in a single summary table. Each of the ACIA's has Its 
own set of these seven registers. 

OPERATION 

The following paragraphs describe ten modes (or conditions) of 
operation of the DACIA. The modes described are: 

• Continuous Data Transmit 

• Continuous Data Receive 

• Transmit Underrun Condition 

• Effects of CTS on Transmitter 

• Effects of Overrun on Receiver 

• Echo Mode Timing 

• Framing Error 

• Transmit Break Character 

• Receive Break Character 

• Automatic Address Recognition 



Table 3. Control and Status Registers Format Summary 



REGISTER BIT NUMBERS 


7 


6 


5 


4 


3 


2 


1 





GLEAR/SET 
BITS 


TDR 

EMPTY 

IE 


CTS 
IE 


DCD 
IE 


DSR 
IE 


PARITY 

ERROR 

IE 


FRM 

OVR 

BRK IE 


RDR 

FULL 

IE 


ANY 
BIT 
SET 


TDR 
EMPTY 


CTS 
TRANS 


DCD 
TRANS 


DSR 
TRANS 


PARITY 
ERROR 


FRM 
OVR 
BRK 


RDR 
FULL 


FRAMING 
ERROR 


TRANS 
UNDR 


CTS 
STATUS 


DCD 
STATUS 


DSR 
STATUS 


REC 
BREAK 


DTR 
STATUS 


RTS 
STATUS 





TBR/ 
CDR 


NO. 
STOP 
BITS 


ECHO 


BAUD RATE SELECTION 


1 


NUMBER OF 
DATA BITS 


PARITY 
SELECTION 


PARITY 
ENABLE 


DTR 
CONTROL 


RTS 
CONTROL 


NOT USED 


TRANS 
BRK 


PAR/ 
ADDR 


COMPARE BITS (ADDRESS RECOGNITION) 



REGISTER 



INTERRUPT 

ENABLE 

REGISTERS 



INTERRUPT 

STATUS 

REGISTERS 



STATUS 
REGISTERS 



CONTROL 

REGISTERS 

AND 

FORMAT 

REGISTERS 



TRANSMIT 

BREAK 

REGISTERS 



COMPARE 

DATA 

REGISTERS 



RES 



$80 



$0F 
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CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the TORE bit in the ISR signals 
the MPU that the DACIA is ready to accept the next data word. 
An IRQ occurs if the corresponding TORE IRQ enable bit is set 
in the lER. The TORE bit is set at the beginning of the start bit. 



When the MPU writes a word to the TDR the TORE bit is cleared. 
In order to maintain continuous transmission the TDR must be 
loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
tionship between IRQ and TxD for the Continuous Data Transmit 
mode. 



CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR #n + 3 

II 1 1 


/ \/ \/ \/ \ 


TxD 1 


Bo 


Bi 




Bn 


P 


t 


t 


Bo 


Bi 




Bn 


P 


t 


t 


Bo 


Bi 




Bn 


P 


t 


t 


Bo 


Bi 




Bn 


P 


t 


]STA 

1 


RT 




SI 


rclp 


STAF 


\1 




STOP 


START 




STOP 


START 




stop; 

1 


IRQ 






\ / 












; " 






PROCESSOR MUST 






X \ \ LOAD NEW DATA 


PROCESSOR / PROCESSOR X,^^ IN THIS TIME 


INTERRUPT READS ^ INTERVAL OTHERWISE, 


(TRANSMIT DATA ISR, CAUSES CONTINUOUS "MARK" 


REGISTER EMPTY) IRQ TO CLEAR IS TRANSMITTED 




Figure 6. Continuous Data Transmit 



CONTINUOUS DATA RECEIVE 

Similar to the continuous data transmit mode, the normal receive 
mode sets the RDRF bit in the ISR when the DACIA has received 
a full data word. This occurs at about the 9/1 6 point through the 



stop bit. The processor must read the RDR before the next stop 
bit, or an ove rrun error occurs. Figure 7 shows the relationship 
between IRQ and RxD for the continuous Data Receive mode. 



RxD 



»li 



CHAR #n 

I 



~\^ 



CHAR #n + 1 

I 



CHAR #n -I- 2 



CHAR #n + 3 



^/^ 



Bn 


P 


/ 


X 


Bo 


B, 



START 



STOP' START 



B. P ^ 


f Bo B, 



~\/~ 



Bn 


P 


/ 


4- 


Bo 


Bi 



STOP START 



IRQ 



IRQ PROCESSOR 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 
LAST STOP BIT 
PARITY OVERRUN, 
AND FRAMING ERROR 
UPDATED ALSO 




stop! START 



/ 



STOP 



PROCESSOR READS 
ISR, CAUSES 
IRQ TO CLEAR 



PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL, OTHERWISE 
OVERRUN OCCURS 



Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION 

If the MPU is unable to load the TDR before the last stop bit is 
sent, the TxD line goes to the MARK condition and the underrun 



flag is set. This condition persists until the TDR is loaded with a 
new word. Figure 8 shows the relation between IRQ and TxD for 
the Transmit Underrun Condition. 



CHAR #n 



CONTINUOUS "MARK" 



TxD 



lid 



STOP I START 



tl 

STOP 



IRQ 



PROCESSOR 
INTERRUPT 
FOR DATA 
EMPTY 



UNDERRUN BIT 
SET 



PROCESSOR READS 
ISR, CLEARS IRQ 



CHAR #n + 1 



CHAR #n + 2 



"^/^ 



I START 



tU 



STOP I START 



WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 



Figure 8. Transmit Underrun Condition Relationship 



EFFECTS OF CTS ON TRANSMITTER 

The CTS control line controls the transmission of data or the hand- 
shaking of data to a "busy" device (such as a printer). When the 
CTS line is low, the t rans mitter operates normally. Any transition 
on this line sets the CTS bit in the ISR. A high condition inhibits 
the TDRE bit in the ISR from becoming set. The word currently 



in the shift regis ter continues to be sent but any word in t he TD R 
is held until CTS goes low. At the high-to-low transition the CTS bit 
in the ISR is ag ain set. Figure 9 show s the relationship of IRQ, 
TxD, and GTS for the effects of CTS on the transmitter. 



CHAR #n + 1 



■^/^ 



-^ CONTINUOUS MARK 



NEXT CHARACTER IS SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
HAS ALREADY LOADED NEW DATA, 
OTHERWISE IT WAITS FOR NEW DATA. 



Bi 



STOP 



IRQ 



CTS 



START 



i. 



>s 



STOP 



1 



NEXT 
CHARACTER 
IS NOT SENT 
TDRE IS NOT SET 



Bn 



Bi 



-if- 



START 



-ff- 



MPU 
CLEARS 
IRQ AGAIN 



CLEAR-TO-SEND 



\ 



vn 



WHEN PROCESSOR 
FINALLY LOADS 
NEW DATA, 

TRANSMISSION STARTS 
IMMEDIATELY AND 



\ 



CTS 
IRQ 



MPU 

CLEARS 

IRQ 



CTS 
IRQ 



INTERRUPT OCCURS, 
INDICATING TRANSMIT 
DATA REGISTER EMPTY 



Figure 9. Effects of CTS on Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 

If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the 
ISR, and the new data word is not transferred to the RDR. The 
RDR contains the last word not read by the MPU and all follow- 



ing data Is lost. The receiver will return to norma l ope ration when 
the RDR is read. Figure 1 shows the relation of IRQ and RxD for 
the effects of overrun on the receiver. 
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CHAR #n 
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\/^ 
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Figure 10. Effects of Overrun on Receiver 



ECHO MODE TIMING 

In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 
mal transmit mode if TDRE occurs (indicating end of data) an 



underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 1 1 shows the 
relationship of RxD and TxD for Echo Mode. 



STOP START 



RxD 



J^ 



STOP START 



END OF 
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Figure 1 1 . Echo Mode Timing 
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FRAMING ERROR 

Framing error is caused by the absence of stop bit(s) on received 
data. The framing error bit is set when the RDRF bit is set. Subse- 
quent data words are tested separately, so the status bit always 



reflects the l ast data word received. Figure 12 shows the relation- 
ship of IRQ and RxD when a framing error occurs. 



RxD 
(EXPECTED) 



RxD 
(ACTUAL) 



STOP STOP START 



1 2 / 

TVl/f 



STOP STOP START 



STOP 



IRQ 

NOTES: 1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 

2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 



Bo B, 



1 2 / 
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STOP .START 



WiV^ 



STOP 
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B4 
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STOP 
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PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 



Figure 12, Framing Error 



TRANSMIT BREAK CHARACTER 

A Break may be transmitted by storing a value of $00 in the lER. 
After storing zero in the lER the Break is transmitted immediately. 
Care should be exercised so that a character in transmission is 
not disturbed inadvertently. The Break level lasts until other than 
$00 is stored in the lER at which time a stop bit is sent and 



transmission may resume. At least one full word time of Break 
will be sent regardless of the length of time between starting and 
st oppin g the Break character. Figure 13 shows the relationship 
of IRQ and TxD for a Transmit Break character. 
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Figure 13. Transmit Break Character 
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RECEIVE BREAK CHARACTER 

In the event that a Break character is received by the receiver, 
the Break bit is set. The receiver does not set the RDRF bit and 
remains in this state until a stop bit is received. At this time the 



next character is to be received normally. Figure 14 shows the 
relationship of IRQ and RxD for a Receive Break Character. 
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Figure 1 4. Receive Break Character 



AUTOI\/IATIC ADDRESS RECOGNITION 

The DACIA offers a unique solution to the standard problem 
associated with multi-drop environment UARTs and communica- 
tion interface controllers. In the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheme can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
"wake-up" it's CPU for every character sent down the network 
by the master. The end result is that the CPUs on the communica- 
tions net are constantly being interrupted for the mundane task 
of address recognition. 



To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA has determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (i.e., the data 
characters). When all data has been received by the slave, it's 
CPU must again write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 
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GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control 
Register, as shown in Table 4. 

Generating Other Baud Rates 

By using a different crystal, othe| baud rates may be generated. 



These can be determined by: 



Baud Rate = 



Crystal Frequency 
Divisor 



Furthermore, it is possible to drive the DACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 3) 
must be the clock input and XTALO (pin 4) must be a nonconnect. 



Table 4. Divisor Selection 



Control 

Register 

Bits 


Divisor Selected 

For The 
Internai Counter 


Baud Rate Generated 

With 3.6864 IVIHz 

Crystal 


Baud Rate Generated 

With a Crystal 

of Frequency (f) 


3 


2 1 








.0 





73,728 


(3.6864 X 10«)/73,728 «= 50 


f/73,728 










33*538 


(3.6864 X 10«)/33,538 - 109.92 


f/33,538 





1 





27,408 


(3.6864 X 10»)/27,408 - 134.58 


f/27.408 





1 




24,576 


(3.6864 X 10»)/24,576 = 150 


f/24,576 





1 





12,288 


(3.6864 X 10«)/12,288 = 300 


f/12,288 





1 




6,144 


(3.6864 X 10«)/6,144 = 600 


f/6,144 





1 1 





3,072 


(3.6864 X 10')/3,072 « 1.200 


f/3,072 





1 1 




2.048 


(3.6864 X 10«)/2.048== 1,800 


f/2,Q48 









1,536 


(3.6864 X 10'')/1,536 » 2,400 


f/1 ,536 









1,024 


(3.6864 X 10'')/1,024 = 3,600 


f/1,024 




1 




768 


(3.6864 X 10'')/768 « 4,800 


f/768 




1 




512 


(3.6864 X 10'')/512 = 7,200 


f/512 




1 




384 


(3.6864 X 10'')/384 = 9,600 


f/384 




1 




192 


(3.6864 X 10«)/192 = 19,200 


f/1 92 




1 1 




96 


(3.6864 X 10«)/96 = 38,400 


f/96 




1 1 




16 


TxC/16 = BaudRateorRxC/16 = Efaud Rate 
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* 



JP 
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Figure 15. DACIA External Clock Timing ~ Receive Data 



TxC 



INTERNAL 
•i- 16 
TcO 



TxD 



X 



-16 CLOCK PULSES- 




i^ 




t 



TRANSMIT DATA 



X 



Figure 16. DACIA External Clock Timing — Transmit Data 
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AC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vss = OV, T^ 
READ/WRITE TIMING 



TlIoTh) 



Characteristic 


Symbol 


2 1MHz 


4 1MHz 


Unit 


Min 


IMax 


IVIin 


IMax 


R/W, RS0-RS2 Valid to CS Low 
(Setup Time) 


twc 





_ 





_ 


ns 


CSLowtoR/W, RS0-RS2 
(Hold Time) 


tcWH 


66 


_ 


65 


_ 


ns 


C§ Low to Data Valid 


tCDV 


,..,_ 


100 


_ 


too 


ns 


CS High to Data Invalid 
(Hold Time) 


tCDZ 


_ 


10 


_ 


10 


ns 


Data Valid to CS High 


tovCH 


20 




20 




ns 


Note: 

1 . All times are in nanoseconds. 



RS0-RS2 



R/W 




CS 



D0-D7 
DATA OUT 



7 




■<— twc— ^ 



^. 



■ *CWH "" ^ 



X 



/ 



■ tcDV " 



■ *CDZ - 



C~Z} 



DACIA Read Cycle Waveforms 



RS0-RS2 



R/W 




CS 



D0-D7 
DATAIN 



^. 




-twc ■ 



N. 



-tcwH *■ 



/ 



/ 



■ *CDV " 



< 



■* toVCH *■ 



■* tcDZ - 



:k 



DACIA Write Cycle Waveforms 
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TRANSMIT/RECEIVE TIMING 



Characteristic 


Symbol 


IVIin 


Max 


Unit 


Transmit/Receive Clock Rate 


tcCY 


250 


-_ 


ns 


Transmit/Receive Clock High Time 


tcH 


100 


— 


ns 


Transmit/Receive Clock Low Time 


tcL 


100 


_ 


ns 


XTALI to TxD Propagation Delay 


too 


— 


250 


ns 


XTALI to IRQ Propagation Delay 


Idi 


_ . 


250 


ns 


CTS, DCD, DSR to IRQ 


tCTI 


— 


150 


ns 


IRQ Propagation Delay (Clear) 


tiRQ 


— 


150 


ns 


RTS, DTR Propagation Delay 


toLY 


- 


150 


ns 


Note: 

1 . All times are in nanoseconds. 



XTALI 



/— •<= — .\ r~'" y 



tcCY 



TxD 



IRQ 



CTS, DCD, 
DSR 



X 



-* *DD »■ 



X 



\ 



tm 



-• tcTI 



r 



CS 



\ 



A 



'iRQ • 



DLY 

^ ^ 



RTS, DTR 



X 



DACIA Transmit/Receive Timing 



2-285 



R65C52 



Dual Asynchronous Communications Interface Adapter (DACIA) 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,M 


-0.3 to Vcc +0.3 


Vdc 


Output Voltage 


VouT 


-0.3 to Vcc +0-3 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto +70 
-40 to +85 


°C 


Storage Temperature 


TSTG 


-55 to +150 


«C 



* NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Supply Voltage 


Vcc 


5V±5% 


Temperature Range 
Commercial 
Industrial 


Ta 


0° to 70°C 
-40"'Cto +85°C 



DC CHARACTERISTICS 

(Vcc = 6.0 V ±5%, Vss = OV, T^j = Tl to Th, unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Input High Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


V,H 


+ 2.0 
+ 2.4 


- 


Vcc + 0-3 
Vcc + 0-3 


V 




Input Low Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


V,L 


-0.3 
-0.3 


- 


+ 0.8 
+ 0.4 


V 




Input Leakage Current 
R/W, RES, RSO, RSI, RS2, RxD, CTS, DCD, DSR, RxC, 
TxC.CS 


l|N 


- 


10 


50 


mA 


V,N-0VtOVcc 
Vcc = 5.25V 


Input Leakage Current for Three-State Off 
D0-D7 


Itsi 





±2 


10 


mA 


V,N = 0.4V to 2.4V 
Vcc - 5.25V 


Output High Voltage 
D0-D7, TxD, CLK OUT, RTS, DTR 


VOH 


+ 2.4 
1.5 





— 


V 


Vcc = 4.75V 
•load = -100/tA 


Output Low Voltage 
D0-D7, TxD, CLK OUT RTS, DTR 


Vol 


— 


— 


+ 0.4 


V 


Vcc « 4.75V 
'load = 1 -6 mA 


Output Leakage Current (Off State) 
IRQ 


loFF 





±2 


±10 


/iA 


Vcc » 5.25V 
VouT - to 2.4V 


Power Dissipation 


Pd 


- 




10 


mW/MHz 




Input Capacitance 
Except XTALI and XTALO 
XTALI and XTALO 


G,N 


- 


- 


5 
10 


PF 
PF 


Vcc = 5.0V 
V,N = OV 
f = 2 MHz 
Ta - 250C 


Output Capacitance 


Cqut 


- 


— 


10 


pF 


Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. typical values are shown for Vcc = 50V and T^ = 25°C. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 



71 

L B 



t^F 



nj I I ( I I I I I I n -fi* — 1 c 

Jlfl Iftso 



4e-PIN PLASTIC DIP 



iJVU\JU\J\J\J\J\J\jij<J\J\j\J\J u KJ \J 






-ftri 




*|l*" 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


c 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 1 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


Oo 


10* 


60 


10° 


N 


0.51 


1.52 


0.020 


0.060 




DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


V 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.006 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 1 


M 


7» 


io» 


JO 


to° 


N 


0.51 


1.02 


0.020 


0.040 
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PRELIMINARY 



DESCRIPTION 

The R6265 Micro Floppy Disk Controller (MFDC) interfaces up 
to four Sony microfloppy and floppy disk drives to an 8-bit or 1 6-blt 
microprocessor-based system including Z-80, 8080A, 8085A, 
8086, and 8088. The MFDC simplifies the system design by 
minimizing both the number of external hardware components 
and software steps needed to implement the floppy disk drive 
(FDD) interface. Control signals supplied by the MFDC reduce 
the number of components required in external phase locked loop 
and write precompensation circuitry. Memory-mapped registers 
containing commands, status and data simplify the software inter- 
face. Built-in functions reduce the software overhead needed to 
control the FDD interface. The MFDC provides full compatibility 
with the single- and double-density formats recommended by 
Sony Corporation as well as the ability to read the IBM 3740 
single-density (FM) and IBM System 34 double-density (MFM) 
formats. 

The MFDC interfaces directly to the synchronous microproces- 
sor bus and operates with 8-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the MFDC and all data transfers 
occur under DMA control. The R6265 is directly compatible with 
the Z8410//tPD8257 Direct Memory Access Controller (DMAC). 
In non-DMA mode, the MFDC generates an interrupt to the CPU 
indicating that a byte of data is available. 

Controller commands, comrnand or device status, and data are 
transferred between the MFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the MFDC'status 
information while four additional status registers provide result 
Information to the CPU following each controller command. The 
Data Register (DR) stores actual disk data, parameters, controller 
commands and FDD status information for use by the CPU. 

The R6265 executes 15 separate multi-byte commands: 



Read Data 

Write Data 

Read Deleted Data 

Write Deleted Data 

Read a Track 

Read ID 

Seek 

Recalibrate (Restore to Track 0) 



Specify 

Format a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Sense Interrupt Status 

Sense Drive Status 



FEATURES 

• Address mark detection circuitry 

• Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

• Compatible with Sony recommended format in both single-and 
double-density recording formats 

• Reads standard IBM formats 

• Reads and writes in same format as NEC /aPD7265 for Sony 
microfloppy and floppy disk drives 

• Programmable data record lengths: 128, 256, 512 or 1024 
bytes/sector 

• Multi-sector and multi-track transfer capability 

• Controls up to four floppy disk drives 

• Data scan capability— will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis, data 
in the processor's memory with data read from the disk 

• Data transfers in DMA or non-DMA mode 

• Parallel seek operations on up to four drives 

• Directly compatible with an 8-bit or 1 6-blt synchronous 
microprocessor bus including Z-80/8080A/8085A, 8086. and 
8088 

• Alternative to NEC ^PD7265 

• Pin, software, and electrically compatible with the R6265 

• Single phase 8 MHz Clock 

• Single +5 Volt Power Supply 

ORDERING INFORMATION 



Part Number 


CLK Frequency 


Temperature Range 


R6265__ 


8 MHz 

Package: 
C = Ceramic 
P « Plastic 


0«Cto70«C 



Document No. 29651 N77 
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ASYNCHRONOUS 

BUS '^ 
INTERFACE 

DMAC 
INTERFACE 


f /t^ 




RDW 


J 


FDD 
SERIAL 
^ DATA 

INTERFACE 

FDD 
^ STATUS 
INTERFACE 


R6265 
MFDC 


^ RDD 


VCO ^ 


SI k 

RST 


^ WCK 


WDA ^ 


WE ^ 


PS0-PS1 K 


CS 


> 


AO 


^ RDY ^ 


^ INT 


■■.■■•■'■'■■■ RD ■■* 


m "'^ 


^ wpn-s 


WR ^ 


^ FliTTfRKO 


f DACK 


LCT/DIR ^ 


FR/STP 


TC ^ 


RW/SEEK 


m ^ 


HDL ^ 


CLK 


HD 


USO 


Vcc ^ 


US1 


GND 


MFM 










Figure 1 . MFDCl Input and Output Signals 



PIN DESCRIPTION 

Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 



BUS INTERFACE 



INT— Interrupt Request. This active high output is the interrupt 
request generated by the MFDC to the CPU. INT is asserted upon 
completion of some MFDC commands and before a data byte 
is transferred between the MFDC and the data bus (in the Non- 
DMA mode). 



RD— Read. This active low input defines the data bus transfer 
as a read cycle. When low, the data transfer is from the MFDC 
to the data bus. 



D0-D7 — Data Lines. The bidirectional data lines transfer data 
between the MFDC and the 8-bit data bus. 

CLK— CLOCK. The clock is a TTL compatible 8 MHz square 
wave signal. 



WR— Write. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 
to the MFDC. 



RST— RESET. This active high input places the MFDC in the 
idle state and resets the output lines to the floppy disk drive 
(FDD) to the low state. 



DIREcr MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 



CS— Chip Select. The MFDC is selected when the CS input 
is low. 

AO— Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When AO = 
high, the Data Register is selected and the state of^RD or WR 
determines whether it is a read (RD = low) or a write (WR = low) 
operation. When AO == low, the^Status Register is selec ted. This 
register may only be read (RD = low); the state WR = low is 
invalid when the Status Register is selected. 



DACK— DMA Aclcnowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the MFDC. The DMA cycle is active when 
DACK is low and the MFDC is performing a DMA transfer. 

DRQ— Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the MFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when DRQ = high . The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 
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TC— Terminal Count. This input signal is issued to the MFDC 
when the DMA transfer for a cha nnel is complete. The signal 
is active high concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. 

FDD SERIAL DATA INTERFACE 

RDD— Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 

RDW—Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used to sample data from 
the FDD. 

VCD— Variable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This Inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 

WCK— Write Clock. This Input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
>k low) and 1 MHZ in the MFM mode (MFM == high). The pulse 
width is 250 ns (typical) in both modes. 

VVDA— Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 

WE-^Wrlte Enable. This output signal enables the Write Data 
into the FDD when high. 

PSO-PSt— Preshlft. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 



Write Precompensation Status 


Preshift Outputs 


PSO 


PS1 


Normal 
Late 
Early 
Invalid. 




1 

■.V.I .. 




1 



1 


= Low, 1 « High 



FDD STATUS INTERFACE 

RDY— Ready. An active high input signal indicates the FDD is 
ready to send data to, or receive data from, the MFDC. 

IDX— index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize MFDC timing. 

RW/SEEK— Read Write/Seelc. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 



WP/TS—Wrlte Protect/IWo Side. An active high multiplexed 
input signal from the FDD. in the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 
high indicates the media is two-sided. 

FLT/TRKO— FauitHYack Zero. An active high multiplexed Input 
from the FDD. In the Read/Write mode (RW/SEEK « low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned 
over track zero. 

LCT/DIR— Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 

FR/STP— Fault. Reset/Step. A multiplexed output to the FDD. 
In the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 

HDL— Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 



RW/SEEK 


Mode 


Active FDD Interface Signals 


Low 


Read/Write 


WP, FLT, LOT. FR 


High 


Seek 


TS, TRKO, DIR, STP 













W 




RST CH 


1 


40 


ZD VCO 


RD cz: 


2 


39 


=1 RW/SEEK 


WR cz: 


3 


38 


ID LCT/DIR 


cs ni 


4 


37 


ZD FR/STP 


AO 1= 


5 


36 


ZD HDL 


DO GI 


6 


35 


ZU RDY 


D1 [z: 


7 


34 


ZZl WP/TS 


D2 tz: 


8 


33 


ZU FLT/TRKO 


D3 iz: 


9 


32 


ZU PSO 


D4 cz: 


10 


31 


ZU PS1 


D5 cz 


11 


30 


=1 WDA 


D6 cz: 


12 


29 


=1 USO 


D7 cz 


13 


28 


ZD US1 


DRQ CZ 


14 


27 


Z: HD 


DACK iz: 


15 


26 


1 MFM 


TC cz 


16 


25 


ZZ WE 


IDX CZ 


17 


24 


ZZ VCO 


INT CZ 


18 


23 


rU RDD 


CLK iz: 


19 


22 


Z] RDW 


GND CZ 


20 


21 


ZZ WCK 
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HD— Head Salect. An output to the FDD to select the proper 
read/write head. Head One Is selected when HD « high and 
Head Zero Is selected when HD « low. 

US0-US1— Unit Select. Output signals for floppy disk drive 
selection as follows: 



Unit Select 


Floppy Dlslc 
Drive Select 


USO 


US1 





1 
1 




1 ■ ■■ 



1 




1 
2 
3 


- Low, 1 » High 



iMFIM— MFIM IMode. Output signal to the FDD to indicate MFIVI 
or FM mode. Selects the l\^FM mode when MFI\^ » high and 
the FM mode when MFM - low. 

VCC— Power. +5Vdc. 

GND-Ground (Vss)- 



MFDC REGISTERS 

The MFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and 
four Result Status Registers. The 8-bit Main Status Register 
(MSf^) contains the status information of the MFDC, and may 
be accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stacit with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 

The read-only Main Status Register facilitates the transfer of data 
between the system and the MFDC. The other Status Registers 
(STO, ST1 , ST2 and ST3) are Only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 
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Figure 2. R6265 IMFDC Blocl( Diagram 
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The relationship between the status/data registers and the WR, 
RD and AO signals is shown below. 







■| . :, ., ■. ■ 




AO 


RD 


WR 


Functon 











Illegal 








1 


Read Main Status Register 





1 





Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 


■ , 'G-:, 


Write into Data Register 


= Low 


. r = Higii 


' 





Table 1 shows each of the status registers used by the MFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2. 

REGISTER DEFINITIONS 
Main Status Register (MSR) 



7 


6 


5 


4 


3 


2 


1 





RQM 


PIO 


EXM 


CB 


D3B 


D2B 


D1B 


DOB 



The Main Status Register (MSR) contains the status information 
of the MFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR Indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and RQM getting set or reset is 
12 ^s. For this reason, every time the MSR is read the processor 
should wait 12 fis. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (MFDC Busy) goes 
low is also 1 2 fis. 

The DIO and RQM timing chart is shown in Figure 3. 

MSR 

7 RQM —Request for Master. 

Data Register is not ready. 

1 Data Register is ready. 



MSR 
6 


1 

MSR 
5 



1 

MSR 
4 


1 



DIO —Data Input/Output. 

Data transfer is from system to the Data Register. 
Data transfer Is from Data Register to the system. 



EXM —Execution Mode. (Non-DMA mode only). 

Execution phase ended, result phase begun. 
Execution phase started. 



CB —Controller (MFDC) Busy. 

MFDC is not busy, will accept a command. 
MFDC is busy, will not accept a command. 



MSR 
3 D3B —Floppy Disk Drive (FDD) 3 Busy. 

FDD 3 is not busy, MFDC will accept read 
command. 

1 FDD 3 is busy, MFDC will not accept read 
command. 

MSR 

2 D2B —FDD 2 Busy. 

FDD 2 is not busy, MFDC will accept read 
command. 

1 FDD 2 is busy, MFDC will not accept read 
command. 

MSR 
1 DIB —FDD 1 Busy. 

FDD 1 is not busy, MFDC will accept read 
command. 

1 FDD 1 Is busy, MFDC will not accept read 
command. 

MSR 
DOB —FDD Busy. 

FDD is not busy, MFDC will accept read 
command. 

1 FDD is busy, MFDC will not accept read 
command. 

Status Register (STO) 



or write 
or write 



or write 
or write 



or write 
or write 



or write 
or write 



7 


■■' ■■6/::;:', 


5 


■" 4'""V- 


3 


2 


1 





\C 


SE 


EC 


NR 


HD 


US 






US1 


uso 



The Status Register (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 



STO 
Z 6 





1 



iC —Interrupt Code. 

Normal Termination (NT). Command was properly exe- 
cuted and completed. 

Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 
Invalid Command (IC). Received command was invalid. 
Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 



STO 

5 SE —Seek End. 

Seek command is not completed. 

1 Seek command completed by MFDC. 



STO 
4 



1 



EC —Equipment Check. 

No error. 

Either a fault signal is received from the FDD or the track 

signal failed to occur after 256 step pulses (Recalibrate 

Command). 
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Main Status Register (MSR) 

Status Register (STO) 

Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 



Table 1. MFDC Status Register Bit Assignments 








Bit Number 


7 


6 


5 


4 


3 


2 


1 





RQM 


DIO 


EXM 


CB 


D3B 


D2B 


DIB 


DOB 


IC 


SE 


EC 


NR 


HD 


US 1 


US1 


USO 


EN 





DE 


OR 





ND 


NW 


MA 





CM 


DD 


WT 


SH 


SN 


BT 


MD 


FLT 


WP 


ROY 


TRKO 


TS 


HD 


US1 


USO 



Table 2. Command Symbol Description 



Symbol 


Name 


Description 


AO 


Address Line AO 


Controls selection of Main Status Register (AO = low) or Data Register (AO = high). 


D 


Data 


The data pattern which is going to be written into a sector. 


D0-D7 


Data Bus 


8-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 


DTL 


Data Length 


When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


EOT 


End of Tracl< 


The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 


GPL 


Gap Length 


The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two ORG bytes. During the Format a Track command it determines the size of 
Gap 3. 


H 


Head Address 


Head number or 1, as specified In ID field. 


HD(H) 


Head 


A selected head number or 1 which controls the polarity of pin 27. (H = HD in all command words). 


HLT 


Head Load Time 


The head load time in the FDD (2 to 254 ms In 2 ms increments). 


HUT 


Head Unload Time 


The head unload time after a read or write operation has occurred (16 to 240 ms In 16 ms increments). 


MF 


FM or MFM Mode 


When MF = 0. FM mode is selected; and when MF = 1, MFM mode is selected. 


MT 


Multi-Track 


When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. 


N 


Bytes/Sector 


The number of data bytes written in a sector. 


ND 


Non-DMA Mode 


When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 


NTN 


New Track Number 


A new track number, which will be reached as a result of the Seek command. Desired head position. 


PTN 


Present Track Number 


The track number at the completion of Sense Interrupt Status command. Present head position. 


R 


Record (Sector) 


The sector number to be read or written. 


R/W 


Read/Write 


Either read (R) or write (W) signal. 


ST 


Sectors/Track 


The number of sectors per track. 


SK 


Skip 


Skip Deleted Data Address Mark. 


SRT 


Step Rate Time 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(F = 1 ms, E « 2 ms, etc.) 


STO 
ST1 
ST2 
ST3 


Status 
Status 1 
Status 2 
Status 3 


Four registers which store the status information after a command has been executed. This information 
is available during the result phase after command execution. These registers should not be confused 
with the Main Status Register (selected by AO = low). ST0-ST3 may be read only after a command has 
been executed and contain Information relevant to that particular command. 


STP 


Sector Test Process 


During a Scan command, if STP « 01 , the data in contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP = 02, then alternate sectors are read and 
compared. 


T 


Track Number 


The current/selected track number of the medium (0-255). 


USO.USI 


Unit Select 


A selected drive number (0-3). 
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STO 
3 



1 



NR —Not Ready. 

FDD is ready. 

FDD is not ready at Issue of read or write command. 
If a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 



ST1 
1 



1 



NW —Not Writable. 

No error. 

MFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 



STO 

2 HD —Head Address. (At Interrupt). 

Head Select 0. 

1 Head Select 1 . 



STO 




1 


U S -Unit Select. (At Interrupt) 





FDD selected. 


1 


FDD 1 selected. 


1 


FDD 2 selected. 


1 1 


FDD 3 selected. 



ST1 

MA —Missing Address Mark. 

No error. 

1 2 possible errors. 

1. MFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 

2. MFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field) of Status Register 2 is 
also set. 



Status 


Regisi 


er 1 (t! 


HI) 












Status 


Register 2 (ST2) 










7 


6 


', /■5:,-':: 


4 


3 

-H 


2 


" t,,.." 







7 


6 


..:'■ ,&'■' 


4 


3 


2 


1 





EN 





DE 


OR 





NO 


NW 


MA 


V .()■;/■ 


CM 


DO 


WT 


SH 


SN 


^j 


MD 



ST1 
7 EN —End of Track. 

No error. 

1 MFDC attempted to access a sector beyond the last 
sector of a track. 



ST1 
6 



—Not Used. Always Zero. 



ST1 

5 DE —Data Error. 

No error. 

1 MFDC detected a CRC error in ID field or the Data field. 



ST2 

7 

ST2 
6 


1 



-Not Used. Always Zero. 



CM —Control Mark. 

No error. 

MFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained 
a Data Address Mark during execution of a Read Deleted 
Data command. 



ST1 
4 OR —Over Run. 

No error. 

1 MFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 



ST1 
3 



—Not Used. Always Zero. 



ST1 

2 ND —No Data. 

No error. 

1 3 possible errors. 

1. MFDC cannot find sector specified In ID Register 
during execution of Read Data, Write Deleted Data 
or Scan commands. 

2. MFDC cannot read ID field without an error during 
Read ID command. 

3. MFDC cannot find starting sector during execution of 
Read a Track command. 



ST2 
5 DD —Data Error In Data Field. 

No error. 

1 MFDC detected a CRC error in the Data field. 

ST2 
4 WT —Wrong Track. 

No error. 

1 Contents of T on the disk is different from that stored 
in IDR. Bit is related to ND (Bit 2) of Status Register 1. 

ST2 
3 SH —Scan Equal Hit. 

No "equal" condition during a scan command. 

1 "Equal" condition satisfied during a scan command. 



ST2 
2 


1 



SN —Scan Not Satisfied. 

No error. 

MFDC cannot find a sector on the track which meets the 

scan command condition. 



2-294 



R6265 



Micro Floppy Disk Controller (MFDC) 



ST2 
1 


1 



BT —Bad Track. 

No error. 

Contents of T on the disk is different from that stored 
in the IDR and T = FF. Bit is related to ND (Bit 2) of 
Status Register 1 . 



ST2 
MD —Missing Address Mark in Data Field. 

No error. 

1 l\4FDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 

Status Register 3 (ST3) 



7 


6 


5 


4 


3 


2 


1 





FLT 


WP 


RDY 


TRKO 


TS 


HD 


US1 


USO 



Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 



ST3 
7 FLT —Fault. 

Fault (FLT) signal from the FDD is low. 

1 Fault (FLT) signal from the FDD is high. 

ST3 
6 WP —Write Protect. 

VVrite Protect (WP) signal from the FDD is low. 

1 Write Protect (WP) signal from the FDD is high. 

ST3 
5 RDY -Ready. 

Ready (RDY) signal from the RDD Is low. 

1 Ready (RDY) signal from the FDD is high. 

ST3 
4 TRKO — Track 0. 

Track (TRKO) signal frbm the FDD is low. 

1 Track (TRKO) signal is frorh the FDD is high. 

ST3 
3 TS —Two Side. 

Two Side (TS) signal from the FDD is low. 

1 Two Side (TS) signal from the FDD is high. 

ST3 

2 HD —Head Select. 

Head Select (HD) signal to the FDD is low. 

1 Head Select (HD) signal to the FDD is high. 

ST3 

1 US1 —Unit Select 1. 

Unit Select 1 (US1) signal to the FDD is low. 

1 Unit Select 1 (US1) signal to the FDD is high. 

ST3 

USO —Unit Select 0. 

Unit Select (USO) signal to the FDD is low. 

1 Unit Select (US1) signal to the FDD is high. 



COMMAND SEQUENCE 

The MFDC is capable of perfomiing 15 different commands. Each 
command is initiated by a multi-byte transfer of data from the 
system. After command execution, the result of the command may 
be a multi-byte transfer of data back to the system. Because of 
this multi-byte transfer of Information between the MFDC and the 
system, each command consists of three phases: 

Command Phase— The MFDC receives all information 
required to perform a particular operation from the system. 

Execution Phase— The MFDC performs the instructed 
operation. 

Result Phase— Aftfr completion of the operation, status and 
other housekeeping infonnation are made available to the system 

The bytes of data sent to the MFDC to form a command, and 
read out of the MFDC in the result phase, must occur in the order 
shown for each command sequence. That is, the command code 
byte must be sent first followed by the other bytes in the specified 
sequence. All command bytes must be written and all result bytes 
must be read in each phase. After the last byte of data in the 
command phase is received by the MFDC, the execution phase 
starts. Similarly, when the last byte of data is read out in the result 
phase, the command is ended and the MFDC is ready to accept 
a new command. A command can be terminated by asserting 
the Terminal Count (TC) signal to the MFDC. This ensures that 
the processor can always get the MFDC's attention everi if the 
command in process hangs up in an abnormal manner. 

COMMAND DESCRIPTION 

READtMA 

A command set of nine bytes places the MFDC into the Read 
Data mode. After the Read Data command had been received 
the MFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the MFDC transfers data 
from the disk Data field to the data bus. 

After completion of the read operation from the current sector, 
the MFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the dsita bus. This 
continuous read function is called a "Multi-Sector Read Opera-^ 
tjon." The Read Command terminates after reading the last data: 
byte from sector R when R = EOT. STO bits 7 and 6 are set to 
and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 

The Read Data command can also be terminated by a high 
Terminal Co unt (TC ) signal. TC should be issued at the Same 
time that the DACK for the last byte of data is sent. Upon receipt 
of TC, the MFDC stops outputting data to the data bus, but cpn- 
tinues to read data from the current sector, checks CRC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter- 
minates the Read Data command and sets bits 7 and 6 in STO 
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to 0. The amount of data which can be handled with a single 
command to the MFDC depends upon MT (Multi-Track), MF 
(MFM/FM), and N (Number of Bytes/Sector) values, table 3 
shows the transfer capacity. 

The multi-track function (MT) allows the MFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1 , side and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to 
only one track (the same track) on each side of the disk. 

When N = in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the MFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The MFDC reads (internally) the complete sector, 
performs the CRC check, and depending upon the manner of 
comiiriand termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM mode), DTL has no meaning 
and should be set to FF. 

At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive 
to another. 

If the MFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the MFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1 , sets Status 
Register (STO) bits 7 and 6 to and 1, respectively, and 
terminates the Read Data command. 

After reading the ID and Data fields in each sector, the MFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the MFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 
If a CRG error occurs in the Data field, sets bits 7 and 6 in STO 
to and 1, respectively, and terminates the command. 



If the MFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is not set (SK = 0), then the MFDC reads all the data 
in the sector, sets the Control Mark (CM) flag in ST2 to a 1 , and 
terminates the command. If SK = 1 , the MFDC skips the sector 
with the Deleted Data Address Mark and reads the next sector. 
The CRC bits in the deleted data field are not checked when 
SK = 1. 



During disk data transfers from the MFDC to the system, the 
MFDC must be sen^iced by the system within 27 /ts in the FM 
mode, and within 13 ^s in the MFM mode, othenwise the MFDC 
sets the Over Run (OR) flag In ST1 to a 1 , sets bits 7 and 6 in 
STO to and 1, respectively, and terminates the command. 

If the processor terminates a read (or write) operation in the 
MFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first comnnand byte and the 
End of Track (EQT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), arid Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 



Command Phase: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 


MT 


MF 


SK 


p 





1 


1 





2 


X 


X 


X 


X 


X 


HD 


US1 


USD 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Table 3. MFDC Transfer Capacity 



Multi-Track 
(MT) 


rVIFIWI/FM 
(MF) 


Bytes/Sector 
(N) 


[Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 


Final Sector Read* 
from Disk 



■■" ■ 0„„. 





00 
01 


(128) (16) - 2,048 
(256) (16) = 4,096 


16 at Side 
or 16 at Side 1 







00 
01 


(128) (32) = 4,096 
(256) (32) ^ 8,192 


16 at Side 1 









01 
02 


(256) (9) =2.304 
(512) (9) = 4,608 


9 at Side 
or 9 at Side 1 







01 
02 


(256) (18) = 4,608 
(512) (18) = 9,216 


9 at Side 1 









02 
03 


(512) (5) = 2,560 
(1024) (5) = 5,120 


5 at Side 
or 5 at Side 1 







. 02 
03 


(512) (10) = 5,120 
(1024) (iO) =10,240 


8 at Side 1 


* Note: Typical values are for Sony recommended format. 
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Table 4. MFDC Command Termination Values 






Command Phase ID 


Final Sector Transferred 
to/from Data Bus 


Result Phase ID | 


Multi- 
Track 
(MT) 


Hea(] 

Number 

(HD) 


Track 

Number 

(T) 


Head 

Number 

(H) 


Sector 

Number 

(R) 


No. of 

Data Bytes 

(N) 





:::■•,:, ;;,Q . 


Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


T + 1 


NC 


01 


NC 


1 ■■" 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


T + 1 


NC 


01 


NC 


1 





Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


l.^''T+'l 


LSB 


01 


NC 


Notes: 

1 . NC (No Change): The same value as the one at the beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of H is complemented. 




Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



WRITE DATA 

A command set of nine bytes places the MFDC in the Write Data 
mode. After the Write Data command has been received the 
MFDC loads the head (if it is unloaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the MFDC transfers data from the data bus to the 
disk Data field. 

After writing data into the current sector, the MFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The MFDC continues this multi-sector write 
operation until the last byte is written to sector R when R - EOT. 
STO bits 7 and 6 are set to and 1 , respectively, and STI bit 
7 (EN) is set to a 1. 

The command can also be terminated by a high on Terminal 
Count (TO). If TC is sent to the MFDC while writing into the 
current sector, then the remainder of the Data field is filled with 
00 (zeros). In this case, STO bits 7 and 6 are set to and the 
command is terminated. 

The MFDC reads the ID field of each sector and checks the CRC 
bytes. If the MFDC detects a read error (incorrect CRC) in one 



of the ID fields, it terminates the Write Data command, sets the 
DE flag in ST1 to a 1 , and sets bits 7 and 6 in STO to and 
1, respectively. 

The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 

• Transfer Capacity 

• End of Track (EN) flag 

• No Data (ND) flag 

• Head Unload Time (HUT) interval 

• ID information when the processor terminates command 
(see Table 4) 

• Definition of Data Length (DTL) when N = and when N # 

In the Write Data mode, data transfers from the data bus to the 
MFDC must occur within 27 /*s in the FM mode, and within 13 /iS 
in the MFM mode. If the time interval between data transfers 
is longer than this, then the MFDC terminates the Write Data 
command, sets the Over Run (OR) flag In STI to a 1 , and sets 
bits 7 and 6 in STO to and 1 , respectively. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


• 
2 


1 





W 


1 


MT 


MF 











1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 
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Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Tracit Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


.•'•'7 


Number of Data Bytes per Sector (N) 



Command Phase: 



WRITE DELETED DATA 

The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 



Command Phase: 



WW 


BYTE 


7 


6 


' 5.- 


4 


3 


2 


1 





w 


1 


MT 


MF 








1 





a 


1 


2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


^ 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector.(N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 



R 


■'"f 


Status Register (STO) 


■,:;■„ ■■2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


, 7 :; 


Number of Data Bytes per Sector(N) 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


.: •::1:- •■ 


MT 


MF 


SK 





::'l"'./ 


1 








2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Tracl< Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




'R'^' „„ 


•'■ '.I''?,,, 


status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


' 7 . : 


Number of Data Bytes per Sector (N) 



READ A TRACK 

The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the MFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this cornmand. 

If the MFDC finds an error in the ID or Data ORG check bytes, 
it continues to read data from the track. The MFDC compares 
the ID information read from each sector with the v£t|ue stored 
In the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 

If the MFDC does not find an ID Address Mark on the disk after 
It encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, arid sets bits 7 and 6 of STO to and 1, respectively. 



READ DELETED DATA 

The Read Deleted Data command is the same as the Read Data 
command except that if SK = when the MFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1 , and then 
terminates the command. If SK = 1 , then the MFDC skips the 
sector with the Data Address Mark and reads the next sector. 



2-298 



R6265 



Micro Floppy Disk Controiler (MFDC) 



Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 





MF 


SK 











1 





2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



READ ID 

The two-byte Read ID command returns the present position of 
the read/write head. The MFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to and ter- 
minates the command. 

If no proper ID Address Mark is found on the disk before the 
Index Hole is encountered for the second time then the Missing 
Address Mark (MA) flag in STT is set to a 1, and if no data Is 
found then the ND flag in ST1 is also set a 1. Bits 7 and 6 in 
STO are set to and 1 , respectively and the command is 
terminated. 

During this command there is no data transfer between MFDC 
and the data bus except during the result phase. 



FORMAT A TRACK 

The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded per 
the format recommended by Sony Corporation. The particular 
format written is also controlled by the values of Number of 
Bytes/ Sector (N), Sectors/Track (S"p, Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 
command phase. The Data field is filled with the data pattern 
stored in D. 

The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the MFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command, in the DMA mode (ND = 0), the MFDC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the MFDC asserts Interrupt 
Request (INT) output four times per sector. 

The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 

The processor must send new values for T, H, R, and N to tlie 
MFDC for each sector oh the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the MFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to 0. 

If the Fault (FLT) signal is high from the FDD at the end of a 
write operation, the MFDC sets the Equipment Check (EC) flag 
in STO to a 1 , sets bits 7 and 6 of STO to and 1 , respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and 6 
of STO to be set to and 1 , respectively. 

Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 




Command Phase: 
















R/w 


BYTE 


;'.,7 


6 


5 


4 


3 


2 


1 





w 


'■ 'r^ 





iVIF 








1 





1 





2 


X 


X 


X 


X 


X 


HD 


US1 


USO 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



Command Phase: 



R/Vi 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 





MF 








1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


USt 


USD 


3 


Number of Bytes per Sector (N) 


4 


Sectors per Tracit (ST) 


5 


Gap Length (GPL) 


6 


Data Pattern (D) 
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Table 5. Micro Floppy Disk Sector Size Relationship 



Format 


Mode 


Sector Size 
Bytes/Sector 


No. of Data 

Bytes/Sector 

(N) 


No. of 

Sectors/Tracks 

(ST)1 


Gap Length 
(GPL)1 
i=6rmat 

Command 


Sony 

(Read 

and 

Write) 


FM 


128 
256 
512 


00 
01 
02 


10 
09 
05 


IB 
2A 
3A 


MFM2 


256 
512 
1024 


01 
02 
03 


10 
09 
05 


36 
54 
74 


IBM 
(Read 
Only) 


FM 


128 
128 
256 


00 
00 
01 


OF 
09 
04 


IB 
2A 
3A 


MFM2 


256 
512 
1024 


01 
02 
03 


OF 
09 
04 


36 
54 
74 


Notes: 

1. Values of ST and GPL are hexadecimal. 

2. In MFM mode the MDFC cannot perform a read/write/format operation with 128 bytes/sector (N - 00). 



Result Phase 




R 


1 


Status Register (STO) 


2 


Status Register 1 (STi) 


3 


Status Register 2 (ST2) 


4 ■' '' ■;. 


Track Number (T)* 


5 


Head Number (H)* 


6 


Sector Number (R)* 


7 


Number of Data Bytes per Sector (N)* 


*The ID information 


has no meaning in this command. 



SCAN COMMANDS 

The scan commands compare data read from the disk to data 
supplied from the data bus. The MFDC compares the data, and 
looks for a sector of data which meets the conditions of Dp^o 
= Dbus. Dfdd ^ Dbus. or Dfdd ^ Dbus (D = the data pattern 
in hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. 
After a whole sector of data is compared, if the conditions are 
not met, the sector number is Incremented (R + STP — R), 
and the scan operation is continued. The scan operation con- 
tinues until one of the following events occur: the conditions 
for scan are met (equal, low or equal, or high or equal), the 
last sector on the track is reached (EOT), or TO is received. 



If conditions for scan are met, the MFDC sets the Scan Hit (SH) 
flag In ST2 to a 1 , and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as 
specified by R) and the last sector on the track (EOT), then 
the MFDC sets the Scan Not Satisfied (SN) flag in ST2 to a 
1, and terminates the command. The receipt of TC from the 
processor or DMA controller during the scan operation will 
cause the MFDC to complete the comparison of the particular 
byte which is in process, and then to terminate the command. 
Table 6 shows the status of bits SH and SN under various con- 
ditions of scan. 

If SK = and the MFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last 
sector of the track, sets the Control Mark (CM) bit in ST2 to 
a 1 and terminates the command. If SK = 1, the MFDC skips 
the sector with the Deleted Data Address Mark, sets the CM 
flag to a 1 in order to show that a Deleted Sector has been 
encountered, and reads the next sector. 

When either the STP sectors are read (contiguous sectors - 
01 , or alternate sectors = 02) or MT (Multi-Track) Is set, the 
last sector on the track must be read. For example, if 
STP = 02, MT ss 0, the sectors are numbered sequentially 1 
through 26, and the scan command starts reading at sector 
21. Sectors 21, 23, apd 25 are read, then the next sector (26) 
is skipped and the Index Hole is encountered before the EOT 
value of 26 can be read. This results in an abnormal termina- 
tion of the command. If the EOT had been set at 25 or the scan- 
ning started at sector 20, then the scan command would be 
completed in a normal manner. 
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Table 6. Scan Status Codes 



Command 


Status Register 2 


Comments 


Bit 2 = SN 


Bit3 = SH 


Scan Equal 




1 


1 



Dfdd = Dbus 
Dfdd * Dbus 


Scan Low or Equal 





1 


1 




ir V A 

m 


Scan High or Equal 





1 


1 





Dfdd * Dbus 
Dfdd > Dbus 
Dfdd < Dbus 




During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1 , data must be available 
from the (iata bus in less than 27 /ts (FM mode) or 13 /as (IVIFM 
mode). If an OR occurs, the MFDC terminates the command 
and sets bits 7 and 6 of STO to and 1 , respectively. 

The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 

SCAN EQUAL 

Command Phase: 



SCAN LOW OR EQUAL 



Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MX 


MF 


SK 


1 











1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Rm 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 


1 








1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


' 


Number of Data Bytes per Sector (N) 



R 


1 


Status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 



Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 


1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


"4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 



R 


1 


status Register (STO) 


2 


status Register 1(ST1) 


3 


status Register 2 (ST2) 


'.' ^ 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



SEEK 

The three-byte Seek confimand steps the FDD read/write head 
from track to track. The MFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The MFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there Is a difference, performs the 
following operation: 

If PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the 
FDD to cause the read/write head to step 
in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low 
and Issues step pulses to the FDD to 
cause the read/write head step out. 

The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN = PTN, then the Seek End (SE) flag in STO is set to a 1 , 
bits 7 and 6 in STO are set to 0, and the command is terminated. 
At this point MFDC asserts INT. 

The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 



After command termination, all FDD Busy bits set are cleared 
by the Sense Interrupt Status command. 

During the command phase of the Se6k operation the MFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to to indicate MFDC 
non-busy. While the MFDC is in the non-busy state, another Seek 
command may be issued, and in this manner parallel seek opera- 
tions may be performed on all drives at once. 

No command other than Seek will be accepted while the MFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the MFDC will set bits 7 and 6 In STO to a 1 and 
0, respectively, to indicate an invalid command. 

If the FDD Is In a not ready state at the beginning of the com- 
mand execution phase or during the Seek operation, then the 
MFDC sets the Not Ready (NR) flag in STO to a 1 , sets STO bits 
7 and 6 to and 1 , respectively, and terminates the command. 

If the time to write the three bytes of the Seek command exceeds 
150/is, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 ' 














1 


1 


1 


1 


2 


X 


X 


X 


X 


X 





USI 


USD 


3 


New track Number (NTN) 



Result Phase: None. 

RECALIBRATE 

This two-byte command retracts the FDD read/write head to the 
Track position. The MFDC clears the contents of the PTN 
counters, and checks the status of the Track signal from the 
FDD. As long as the Track signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the MFDC sets the Seek End 
(SE) flag in STO to a 1 and terminates the Command. If the TRKO 
is still low after 256 step pulses have been issued, the MFDC 
sets Seek End (SE) and Equipment Check (EC) flags in STO to 
1s, sets bits 7 and 6 of STO to and 1 , respectively, and termi- 
nates the command. 

The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described In the Seek com- 
mand, also applies to the Recalibrate oommand. 



Command Phase: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 

















1 


1 


1 


2 


X 


X 


X 


X 


X 





US1 


uso 



Result Phase: None. 
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SENSE INTERRUPT STATUS 

Interrupt Request (INT) is asserted by the MFDC when any of 
the following conditions occur: 

1 . Upon entering the result phase of: 

a. Read Data command 

b. Read a Track command 

c. Read ID command 

d. Read Deleted Data command 

e. Write Data command 

f. Format a Track command 

g. Write Deleted Data command 
h. Scan commands 

2. Ready (RDY) line from the FDD changes state 

3. Seek or Recalibrate command termination 

4. During execution phase in the Non-DMA mode 

INT caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1 . Upon entering result phase this bit is set to 0. Reasons 
t and 4 do not require the Sense Interrupt Status command. 
The interrupt is cleared by reading or writing data to MFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to identify the cause bf 
the interrupt. Table 7 defines the seek and interrupt codes. 

Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status 
command after these commands to effectively terminate them 
and to verify where the head is positioned by checking the 
Present Track Number (PTN). 



SPECIFY 

The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
grammable from 1 6 to 240 ms in increments of 16 ms (1 = 16 ms, 
2 = 32 ms, . . . F * 240 ms). 

The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 16 
ms in increments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, . . . 
s= 16 ms.) 

The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms, . . . 
7F = 254 ms). 

The time intervals are a direct function of the clock (CLK on 
pin 1 9). Times indicated above are for an 8 MHz clock. If the clock 
is reduced to 4 MHz (mini-floppy application) then all time inter- 
vals are increased by a factor of two. 

The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND » the DMA mode is selected. 

Command Phase: 




R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 




















1 


1 


2 


SIRT 


HUT 


3 


HLT 


ND 



Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 

Command Phade: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 














1 












SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Non-DMA mode 

Result Phase: None. 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Present Track Number (PTN) 



Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 



Status Register (STO) Bits 




Interrupt Code (10) 


Seek End (SE) 


Cause 


■ •■' 7 


6 


5 


;1 .. 


1 





RDY line changed state, either polarity 








1 


Normal termination of Seek or Recalibrate command 





■'1 


1 


Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS 

This two-byte command obtains and reports the status of the 
FDDs. Status Register 3 (ST3) is returned in the result phase 
and contains the drive status. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 

















1 








2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


Result Phase: 


R 


1 


Status Register 3 (ST3) 



INVALID COMMAND 

If an invalid command (i.e., a command not previously defined) 
is received by the MFDC, then the MFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The MFDC does not generate an interrupt during this condition. 
Bits 6 and 7 (DIO and RQM) In the MSR are both set to a 1 
indicating to the processor that the MFDC is in the result phase 
and that STO must be read. A hex 80 in STO indicates that an 
invalid command was received. 

A Sense Interrupt Status command must be sent after a Seek 
or Recalibrate interrupt, otherwise the MFDC considers the next 
command to be an invalid command. 

In some applications the user may wish to use this command 
as a No-Op command, to place the MFDC in a standby or no 
operation state. 

Command Phase: 



R/W 


BYTE 


7 


« 


5 


4 


3 


2 


1 





W 


1 


Invalid Codes 


Result Phase: 


R 


1 


Status Register (STO) 


= 80 



PROCESSOR INTERFACE 

During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of Infor- 
mation is transferred to, or from, the MFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 fis before reading the MSR. Bits 
6 and 7 in the MSR must be a and 1 , respectively, before each 
command byte can be written to the MFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the MFDC is required in only the command 
and result phases and not during the execution phase. 

During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data In the result phase. All seven 



bytes must be read to successfully cornplete the Read Data 
command. The MFDC will not accept a new command until all 
seven bytes have been read. Other commands may require 
fewer bytes to be read during the result phase. 

INTERRUPT REQUEST MODE 

During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on pin 18. When the MFDC is in Non-DMA mode, INT Is asserted 
during the execution phase. When the MFDC is in the DMA 
mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of data to the MFDC. 
A further explanation of the INT signal is described in the Sense 
Interrupt Status command on page 16. If the system cannot 
handle interrupts fast enough (within 13 /ts for MFM mode or 
27 fiS for FM mode), it should poll bit 7 (RQM) in the MSR. In 
this case, RQM in the MSR functions as an Interrupt Request 
(INT). If the ROM bit is not set, the Over Run (OR) flag In ST1 
will be set to a 1 and bits 7 and 6 of STO will be set to a and 
1, respectively. 

DMA MODE 

When the MFDC is In the DMA mode (ND = In the third 
command byte of the Specify command), DRQ (DMA Request) 
Is asserted during the execution phase (rather than INT) to 
request the transfer of a data byte between the data bus and 
the MFDC. 

During a read command, the MFDC asserts DRQ as each byte 
of data is available to be read. The DMA controller responds 
to this reques t with D ACK low (DMA Acknowledge) and RD low 
(read). When DACK goes low the DMA Request is reset (DRQ 
low). After the execution phase has been completed (TC high 
or the EOT sector is read), INT is asserted to indicate the begin- 
ning of the result phase. When the first byte of data is read during 
the result phase, INT is reset low. 

During a write command, the MFDC asserts DRQ as each byte 
of da ta is req uired. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high. or the EOT 
sector is written), INT is asserted. This signals the beginning 
of the result phase. When the first byte of data is read during 
the result phase, the INT is reset low. 

FDD POLLING 

After the Specify command has been received by the MFDC, 
the Unit Select lines (USD and US1) begin the polling mode. 
Between commands (and between step pulses in the Seek 
Command) the MFDC polls all the FDD's looking for a change 
in the RDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the MFDC 
asserts INT. When Status Register (STO) is read (after Sense 
Interrupt Status command Is issued). Not Ready (NR =* 1) will 
be indicated. The polling of the RDY line by the MFDQ occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 
1.024 ms except during read/write commands. 
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DATA IN/OUT 
(DIO) 
(MSR BIT 6) 

REQUEST 
FOR MASTER 
(ROM) 
(MSR BIT 7) 

WRITE (WR) 
READ(RD) 

NOTES 

[a] data register ready to be WRITTEN 
[¥] DATA REGISTER NOT READY TO BE WRIT 








S TO MFDC 


FROM MFDC TO DATA BUS 


FROM DATA BU 








READY 




















NCI 




u 

1 1 
t 1 








1 

1 


1 
1 


1 lJ 


READT 








! 


1 

• 


1 

! 


U 1 

1 

1 

1 


u 


i 1' 1 

1 1 1 , 


' 1 1 
I 1 1 
1 1 


U » 1 

1 ill 


1 A B I A 


B A 


c 


D C D B A 


INTO 1 C 1 
TEN INTO 1 D 1 


DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 




Figure 3. MFDC and System Data Transfer Timing 
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Figure 4. R6265 MFDC Interface to Z-80 
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Figure 5. Clock Timing 
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Figure 6. Read Cycle Timing 
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Figure 7. Write Cycle Timing 



2-307 



R6265 



Micro Floppy Disk Controller (MFDC) 




Figure 8. DMA Operation Timing 
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Figure 9. FDD Write Operation Timing 
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NOTE: 

EITHER POLARITY DATA WINDOW IS VALID 



Figure TO. FDD Read Operation Timing 
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USO, US1 



z>: 



STABLE 



X 



*35 



SEEK 

(RW/SEEK) 



DIRECTION 
(LCT/DIR) 



STEP 
(FR/STP) 



Jf 






H-37 



39- 



Jrt 



K 



-36 



•C38) 



■40) 



-®- 



Figure 11. Seek Operation Timing 





Figure 12. Fault Reset Timing 



Figure 13. index Timing 





Figure 14. Terminal Count Timing 



Figure 15. Reset Timing 



INPUT/OUT 
2.4V 



TEST POINT 



OASV^y^^^ 08V A 



CLOCK 
3.0V 



TEST POINT 



0.3V 



\/2.4Vy^2.4Vy 
/\ 0.65V 0.65V /\ 



INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC "1" AND 0.3V FOR A 
A LOGIC "O:* TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC "0!' TIMING MEASUREMENTS ARE MADE AT 2.4V FOR A 

A LOGIC "1" AND 0.8V FOR A LOGIC "O:' LOGIC "1" AND 0.65V FOR A LOGIC "0!' 



Figure 16. AC Timing iVIeasurement Conditions 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta 



O^C to 70*C) 



Ref. 
Fig. 


No. 


Characteristic 


Symboi 


Alt. Sym. 


iUlin. 


Typ. 


IMax. 


Unit 


Test 
Conditions 


5 


1 


Clock Period 


tcY 


^CY 


120 


125 


500 


ns 


CLK « 8 MHz 


2 


Clock High, Low Width 


tcA 


00 


40 


62.5 


_- 


ns 


3 


Clock Rise Time 


tcLCH 


«^r 


_ 


_, 


20 


ns 


4 


Clock Fall Time 


klHCL 


0f 


— 


->,■" 


20 


ns 


6 


5 


AO, CS, DACK Valid to RD Low (Setup) 


tSLRL 


tAR 





— 


— 


ns 


6 


RD High to AO, CS, DACK Invalid (Hold) 


^HSH 


tRA 





— 


— 


ns 


7 


RD Low Width 


tRLRH 


tRR 


250 


— 


— 


ns 


8 


RD Low to Data Valid (Access) 


tpLDV 


tRD 


— 


— 


200 


ns 


Cl - 100 pF 


9 


RD High to Output High Z 


tRHDZ 


toF 


20 


— 


100 


ns 


10 


RD High to INT High 


^HIH 


tRI 


— 


— 


500 


ns 




11 


AO, CS, DACK Valid to WR Low (Setup) 


tsLWL 


w 





— 


— 


ns 


12 


WR High to AO. CS, DACK Invalid (Hold) 


twHSH 


twA 





-_ 


— 


ns 


13 


WR Low Width 


Wlwh 


tww 


250 


— 


— 


ns 


7 


14 


Data Valid to WR High (Setup) 


toVWH 


tpw 


150 


— 


— 


ns 




15 


WR High to Data Invalid (Hold) 


twHDX 


two 


5 


— 


— 


ns 


16 


WR High to INT High 


twHIH 


twi 


__ 


— „ 


500 


ns 


8 


17 


DRQ Cycle Time 


tQCY 


^MCY 


13 


_ 


— 


lis 


CLK = 8 MHz 


18 


DRQ High to RD, WR High (Response) 


tQHXH 


tMRW 


— 


— 


12 


fiS 


19 


DACK Low to DRQ Low (Delay) 


Ulql 


tAM 


— 


-_' ; 


200 


ns 


20 


DRQ High to RD Low (Delay) 


*QHRL 


tMR 


800 


— 


— 


ns 


DRQ High to WR Low (Delay) 


tQHWL 


^MW 


250 


— 


— 


ns 


9 


21 


WCK Cycle Time 


tKCY 


tcY 


— 


note 1 


„- 


US 




22 


WCK High Width 


^KHKL 


to 


80 


250 


350 


ns 


23 


WCK Rise Time 


klKH 


tr 


— 


— 


20 


ns 


24 


WCK Fall Time 


tKHKL 


tf 


— 


— 


20 


ns 


25 


WCK High to PSO, PS1 Valid (Delay) 


tKHPV 


top 


20 


— 


100 


ns 


26 


PSO, PS1 Valid to WDA High (Delay) 


tpVDH 


tcD 


20 


— 


100 


ns 


27 


WDA High Width 


toHDL 


twDD 


twCH-50 


— 


— 


ns 


28 


WE High to WCK High or WE Low to WCK Low 


^EHKH 


twE 


20 


— 


100 


ns 


10 


30 


ROW Cycle Time 


twCY 


twCY 


_ 


note 2 


— 


>s 


31 


RDW Valid to RDD High (Setup) 


twVRH 


twRD 


15 


— 


— 


ns 


32 


ROD Low to RDW Invalid (Hold) 


^RU/VI 


tRDW 


15 


— 


— 


ns 


33 


RDD High Width 


tRHRL 


tRDD 


40 


_ : 


— 


ns 


11 


35 


USO, US1 Valid to SEEK High (Setup) 


^UVSH 


tus 


12 


__ 


— 


f^ 


CLK = 8 MHz 


36 


SEEK Low to USO, US1 Invalid (Hold) 


tSLUI 


tsu 


15 


■, 


— 


lis 


37 


SEEK High to DIR Valid (Setup) 


tsHDV 


tsD 


7 




— 


ns 


38 


DIR Invalid to SEEK Low (Hold) 


toXSL 


tos 


30 


— 


— 


liS 


39 


DIR Valid to STP High (Setup) 


bvTH 


toST 


1 


— 


— 


[IS 


40 


STP Low to DIR Invalid (Hold) 


tTLDX 


tsTD 


24 


--. 


■ — 


11$ 


41 


STP Low to USO, US1 Invalid (Hold) 


tjLUX 


tsTU 


5 


— 


— 


MS 


42 


STP High Width 


tlHTL 


tSTP 


6 


7 


— 


(jlS 


43 


STP Cycle Time 


W 


tsc 


333 


-^ 


notes 


lis 


12 


44 


FR High Width 


tpHFL 


tpR 


8 


-^ 


10 


lis 


13 


45 


IDX High Width 


tlHIL 


t|DX 


10 


— 


— -■ 


tCY 




14 


46 


TC High Width 


tlHTL 


tTC 


1 


— 


— 


tcY 


16 


47 


RST High Width 


tRHRL 


tRST 


14 


— ; 


— 


tcY 


Notes: 




1. 


MFM 


IMini 


Standard 


2. For MFI\/1 « 0: Typ. = 2 ,ts 
For MFM = 1: Typ. = 1 /(S 

3. tsc = 33 ,iS min. is for different drive units. In the case of the same unit, 
tsc can range from 1 ms to 16 ms with 8 MHz clock period. 







4^S 


2;.s 




1 


2AtS 


1,13 





















2-310 



R6265 



Micro Floppy Disk Controller (MFDC) 



ABSOLUTE MAXIMUM RATINGS' 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


Output Voltage 


VOUT 


-0.3 to +7.0 


V 


Operating Temperature Range 


T;, 


Oto +70 


c^ 


Storage Temperature Range 


"'^STG 


-55 to +150 


c° 



*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 




OPERATING CONDITIONS 



Parameter 


Range 


Vcc Power Supply 


5.0V ±50/0 


Operating Temperature 


0°C to 70°C 



DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±50/0, Vss = Vdc, Ta 



0**C to 70**C, unless otherwise noted) 





Symbol 


Min 


Max 


Unit 


Test Conditions 


Input Low Voltage 
Logic 
CLK and WCK 


V,L 


-0.5 
-0.5 


0.8 
0.65 


V 




Input High Voltage 
Logic 
CLK and WCK 


V,H 


2.0 
2.4 


Vcc + 0.5 
Vcc + 0.5 


V 


Output Low Voltage 


Vol 




0.45 


V 


Vcc = 4.75V, loL = 2.0 mA 


Output High Voltage 


Vqh 


2.4 


Vcc 


V 


Vcc = 4.75V, loH = -200/^ 


Vcc Supply Current 


Ice 




150 


mA 


Vcc - 4.75V 


Input Load Current 
All Inputs 


«IL 




10 


/^ 


V,N = Vcc 


-10 


mA 


V,N - ov 


High Level Output Leakage Current 


'loh 




10 


mA 


Vcc = OV to 5.25V, Vss =» OV 
Vqut = Vcc 


Low Level Output Leakage Current 


Ilol 




-10 


lA 


Vcc = OV to 5.25V, Vss - OV 
VouT = +0.45V 


Internal Power Dissipation 


Pint 


- 


1.0 


W 


Ta = 25-C 



CAPACITANCE 

(Ta = aS-C; fc = 1 MHz; Vcc = OV) 



Parameter 


Symbol 


Max Limit 


Unit 


Clock Input 


C|N(0) 


20 


PF 


input 


C,N 


10 


PF 


Output 


CoUT 


20 


pF 


Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC DIP 



40 




21 


1 

L 


B 


■ o 




20 








A — 









hJm 



^ 



& 



, i I I i i i I I I I I I I I i i/l 

SEATING PLANE J I I K 



40-PIN PLASTIC DIP 



-J mH W 



V »J IJ U IJ tj LTUU »J » 



^ __ f^ _ i,^ , 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


.MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


-0.53 


0.015 


0.021 


F 


0.76 


1.40 


0,030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


0» 


10» 


0" 


10" 


N 


0.51 


1.52 


0.020 


0.060 




DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 1 


M 


7° 


10» 


7» 


10" 


N 


0.51 


1.02 


0.020 


0.040 
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DOUBLE-DENSITY FLOPPY DISK 

CONTROLLER (DDFDC) 



PRELIMINARY 




DESCRrPTION 

The R6765 Double-Density Floppy Disk GontroHer (DDFDC) 
interfaces up to four floppy disk drives to an 8-bit or 16-bit 
microprocessor-based system including Z-80, 8080A, 8085A, 
8086, and 8088. The DDFDC simplifies the system design by 
minimizing both the number of external hardware components 
and software steps needed to implement the floppy disk drive 
(FDD) Interface. Control signals supplied by the DDFDC reduce 
the number of components required in external phase locked 
loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD interface. The bDpDC supports tx)th 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 

The DDFDC interfaces directly to the synchronous microproces- 
sor bus and operates with 8-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the DDFDC and all data 
transfers occur under DMA control. The R6766 is directly com- 
patible with the Z8410//tPD8257 Direct Memory Access Controller 
(DM AC). In non-DMA mode, the DDFDC generates an interrupt 
to the CPU indicating that a byte of data is available. 

Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk dats^, parameters, con- 
troller commands and FDD status information for use by the CPU. 

The R6765 executes 15 separate multi-byte commands: 



Read Data 

Write Data 

Read Deleted Data 

Write Deleted Data 

Read a Track 

Read ID 

Seek 

Recalibrate (Restore to Track 0) 



Specify 

Format a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Sense Interrupt Status 

Sense Drive Status 



FEATURES 

• Address mark detection circuitry 

• Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

• IBM compatible in both single- and double-density recording 
formats 

• Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 

• Multi-sector and multi-track transfer capability 

• Controls up to four floppy disk drives 

• Data scan capability^will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 

• Data transfers in DMA or non-DMA mode 

• Parallel seek operations on up to four drives 

• Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including Z-80/8080A/8085A, 8086, and 
8088 

• Replacement for NEC /4PD765A and Intel 8272 

• Single phase 4 or 8 MHz Clock 

• Single + 5 Volt Power Supply 

ORDERING INFORMATION 



Part Number 

R6765 



Temperature Range 

0°C to 70OC 



CLK Frequency: 
5 « 4 MHz 

Blank = 8 MHz 

Package: 
P « Plastic 
C a Ceramic 



Document No. 29651 N71 
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ASYNCHRONOUS 

BUS "* 
INTERFACE 

DMAC 
INTERFACE 




C^ 




RDW 


■V 




R6765 
DDFDC 




FDD 
I SERIAL 
^ DATA 

INTERFACE 


^ ROD 


vco ^ 


RST _ 


^ WCK 


WDA 


WE ^ 


PS0-PS1 K 


^ 


"> 


AO 


RDY '^ 


^ INT 


J 


4 »ox 


RD 


^ WP/TS 


J 


FDD 
^ STATUS 
INTERFACE 


WR _ 


^ FLT/TRKO 


DACk 


LCT/DIR 


FR/STP ^ 


TC _ 


RW/SEEK 


DRQ 


HDL 


CLK 


HD 


USO 


Vcc ^ 


US1 


GND 


MFM 











Figure 1. DOFDC Input and Output Signals 



PIN DESCRIPTION 

Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-yoltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 



BUS INTERFACE 



INT— Interrupt Request. This active high output is the interrupt 
request generated by the DDFDG to the CPU. INT is asserted 
upon completion of some DDFDC comrnands and before a data 
byte is transferred between the DDFDC and the data bus (in the 
Non-DMA mode). 



RD— Read. This active low Input defines the data bus transfer 
as a read cycle. When low, the data transfer is from the DDFDC 
to the data bus. 



D0-D7— Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 

CLK— CLOCK. The clock is a TTL compatible 4 or 8 MHz square 
wave signal. 

RST— RESET. This active high input places the DDFDC In the 
idle state and resets the output lines to the floppy disk drive 
(FDD) to the low state. 

CS— Chip Select. The DDFDC is selected when the CS input 
is low. 

AO— Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When A O = 
high, the Data Register is selected and the state of ^D or WR 
determines whether it Is a read (RD - low) or a write (WR = low) 
operation. When AO = low, tJie^Status Register is selected. This 
register may only be read (RD = low); the state WR = low is 
invalid when the Status Register is selected. 



WR— Write. This active, low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 
to the DDFDC. 



DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFAbE 



DACK— DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 



DRQ— Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when DRQ = high . The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 
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TC— Terminal Count. This input signal is issued to the DDFDC 
when the DMA transfer for a cha nnel Is complete. The signal 
is active high concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. 

FDD SERIAL DATA INTERFACE 

ROD— Read Data. Read Data input from the floppy disk drive 
(FDD) containing clock and data bits. 

ROW— Read Data Window. Data Window input generated by the 
Phase ljcx;ked Loop (PLL) and used to sample data from the FDD. 

VCO» Variable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and Enables the 
VCO in the PLL Circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 

WCK^Wrlte Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 
- low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 

WDA--Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 

WE— Write Enable. This output signal enables the Write Data 
Into the FDD when high. 

PS0-PS1— Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 
late or normal times as follows: 



WP/TS— Write Protect/TWo Side. An active high multiplexed input 
signal from the FDD. In the Read/Write mode, WP/TS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicates the media is two-sided. 

FLT/TRKO— Fault/Thack Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK ■ low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLTiTRKO high indicates that the read/write head is positioned over 
track zero. 

LCT/DIR— Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the Inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
unVDIR is high, the head st^ps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 

FR/STP— Fault Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FR/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In thd Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 

HDL— Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 




Write Precompensation Status 


Preshift Outputs 


PSO 


PS1 


Normal 
Late 
Early 
Invalid 




1 
1 




1 



1 


- Low, 1 » High 



FDD STATUS INTERFACE 

RDY— Ready. An active high input signal Indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 

IDX— Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 

RW/SEEK— Read Write/Seek. Mode selection signal to the FDD 
which controls the multiple)fer from the multiplexed signals. 
When RW/SEEK Is low, the Read/Write mode Is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 



RW/SEEK 


IMode 


Active FDD Interface Signals 


Low 


Read/Write 


WP, FLT, LCT, FR 


High 


06oK 


TS, TRKO, DIR. STP 















o* 




• BST ■■.[": 


1 


40 


Z3 VCC 


RD C= 


-2''-'' 


39 


~l RW/SEEK 


WR d 


3 


38 


bn LCT/DIR 


^ 1= 


4 


37 


;=D FR/STP 


AO 1= 


5 


36 


tD HDL 


DO 1= 


6 


35 


Q/RDY." 


D1 m 


7 


34 


ID WP/TS 


D2 CZ 


8 


33 


HI FLT/TRKO 


D3 CZ 


9 


32 


I-I PSO 


m [-- 


10 


31 


Z3 PS1 " 


05 nz 


11 


30 


ZH WDA 


D6 1= 


12 


29 


ZH USO 


D7 J— 


13 


28 


Z3 US1 


DRQ iz: 


14 


27 


ZDHD 


DACK nz 


15 


26 


Zn MFM 


Tc nz 


16 


25 


ID WE 


IDX 1= 


17 


24 


ZZl VCO 


INT ni 


18 


23 


ZD RDD 


CLK nz 


19 


22 


ZZ Rbw 


QND CZ 


20 


21 


ZD WCK 











R6765 DDFDC Pin Diagram 
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HD— Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD = low. 

US0-US1— Unit Select. Output signals for floppy disk drive selec- 
tion as follows: 



Unit Select 


Floppy Disk 
Drive Select 


USO 


US1 





1 
1 




1 

■■'0 ■/;■■■■■ 
1 



1 
2 
3 


= Low, 1 = High 



MFIM— IMFM IMode. Output signal to the FDD to indicate MFM 
or FM moda Selects the MFM mode when MFM = high and the 
FM mode when MFM - low. 

VCC— Power. +5V dc. 

GND—Grcund (Vss)- 



DDFDC REGISTERS 

The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. 

The read-only Main Status Register facilitates the transfer of data 
between the system and the DDFDC; The other Status Registers 
(STO, ST1 , ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 
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Figure 2. DDFDC Block Diagram 
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The relationship between tlie status/data registers and the WR, 
RD and AO signals is shown below. 



AO 


RD 


WR 


Function 






1 
1 
1 




1 



1 




1 




1 




Illegal 

Read Main Status Register 

Illegal 

Illegal 

Read from Data Register 

Write into Data Register 


- Low, 1 = High 



Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the register descriptions 
that follow Table 2. 

REGISTER DEPlNmONS 
Main Status Register (MSR) 



7 


6 


5 


4 


3 


2 


1 





RQM 


DIO 


EXM 


CB 


D3B 


D2B 


DIB 


DOB 



The Main Status Register (MSR) contains the status information 
of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and RQM getting set or reset is 
12 ;ts. For this reason, every time the MSR is read the processor 
should wait 12 ^. The maximum time from the trailing edge of 
the last ro in the result phase to when bit 4 (DDFDC Busy) 
goes low is also 12 /^s. 

The DIO and RQM timing chart is shown In Figure 3. 

MSR 

7 RQM —Request for Master. 

Data Register is not ready. 

1 Data Register is ready. 



MSR 
6 


1 



DIO —Data Input/Output. 

Data transfer is from system to the Data Register. 
Data transfer is from Data Register to the system. 



MSR 
5 EXM —Execution Mode. (Non-DMA mode only). 

Execution phase ended, result phase begun. 

1 Execution phase started. 



MSR 
4 



1 



CB —Controller (DDFDC) Busy. 

DDFDC is not busy, will accept a command. 
DDFDC is busy, will not accept a command. 



MSR 
3 



1 



MSR 
2 





MSR 

1 




1 



MSR 

? 





D3B —Floppy Disk Drive (FDD) 3 Busy. 

FDD 3 is not busy, DDFDC will accept read or write 

command. 

FDD 3 is busy, DDFDC will not accept read or write 

command. 



D2B —FDD 2 Busy. 

FDD 2 is not busy, DDFDC will accept read or write 

command. 

FDD 2 is busy, DDFDC will not accept read or write 

command. 



DIB —FDD 1 Busy. 

FDD 1 is not busy, DDFDC will accept read or write 

command. 

FDD 1 is busy, DDFDC will not accept read or write 

command. 



DOB — FDD Busy. 

FDD Is not busy, DDFDC will accept read or write 

command. 

FDD is busy, DDFDC will not accept read or write 

command. 




Status Register (STO) 



7 


6 


5 


4 


3 


a 


1 





IP 


SE 


EC 


NR 


HD 


US 






US1 


USO 



The Status Register (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 

STO 
7 6 







1 



IC —Interrupt Code. 

Normal Termination (NT). Command was properly exe- 
cuted and completed. 

Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 
Invalid Command (IC). Received command was invalid. 
Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 



STO 
5 SE —Seek End. 

Seek command is not completed. 

1 Seek command completed by DDFDC. 



STO 

4 



1 



EC —Equipment Check. 

No error. 

Either a fault signal is received from the FDD or the track 

signal failed to occur after 256 step pulses (Recalibrate 

command). 



2-317 



R6765 



Double-Density Floppy Disk Controller (DDFDC) 



Main Status Register (MSR) 

Status Register (STO) 

Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 



Table 1. DDFDC Status Register Bit Assignments 








Bit Number 


7 


6 


5 


4 


■>,3:,, 


2 


...' 1 ■, 





RQIVI 


DIO 


EXM 


CB 


D3B 


D2B 


D1B 


DOB 


IC 


SE 


EC 


NR 


HD 


US 


US1 


USO 


EN 


■ ■ "^' ■ 


DE 


OR 





ND 


NW 


MA 





CM 


DD 


WT 


SH 


SN 


BT 


MD 


FLT 


WP 


RDY 


TRKO 


TS 


HD 


US1 


USO 



Table 2. Command Symbol Description 



Symbol 


Name 


Description 


AO 


Address Line AO 


Controls selection of Main Status Register (AO = low) or Data Register (AO = high). 


D 


Data 


The data pattern which is going to be written into a sector. 


D0-D7 


Data Bus 


8-bit data bus. where DO is the least significant data line and D7 is the most significant data line. 


DTL 


Data Length 


When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


EOT 


End of Tracl< 


The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. 


GPL 


Gap Length 


The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gaps. 


H 


Head Address 


Head number or 1, as specified in ID field. 


HD(H) 


Head 


A selected head number or 1 which controls the polarity of pin 27. (H = HD in all command words). 


HLT 


Head Load Time 


The head load time in the FDD (2 to 254 ms In 2 ms increments). 


HUT 


Head Unload Time 


The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). 


MF 


FM or MFM Mode 


When MF = 0, FM mode is selected; and when MF = 1 , MFM mode is selected. 


MT 


Multi-Track 


When MT = 1 , a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1 . 


N 


Bytes/Sector 


The number of data bytes written in a sector. 


ND 


Non-DMA Mode 


When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode. 


NTN 


New Tracts Number 


A new track number, which will be reached as a result of the Seek command. Desired head position. 


PTN 


Present Track Number 


The track number at the completion of Sense Interrupt Status command. Present head position. 


R 


Record (Sector) 


The sector number to be read or written. 


RM 


Read/Write 


Either read (R) or write (W) signal. 


ST 


Sectors/Track 


The number of sectors per track. 


SK 


Skip 


Skip Deleted Data Address Mark. 


SRT 


Step Rate Time 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(F = 1 ms, E = 2 ms, etc.) 


STO 
ST1 
ST2 
ST3 


Status 
Status 1 
Status 2 
Status 3 


Four registers which store the status information after a command has been executed. This information 
is available during the result phase after command execution. These registers should not be confused 
with the Main Status Register (selected by AO = low). ST0-ST3 may be read only after a command has 
been executed and contain information relevant to that particular command. 


STP 


Sector Test Process 


During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP = 02, then alternate sectors are read and 
compared. 


T 


Track Number 


The current/selected track number of the medium (0-255). 


US0,US1 


Unit Select 


A selected drive number (0-3). 
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STO 
3 



1 



NR —Not Ready. 

FDD Is ready. 

FDD is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is fiso set. 



STO 
2 HD —Head Address. (At Interrupt). 

Head Select 0. 

1 Head Select 1. 



STO 




1 


us —Unit Select. (At Interrupt). 





FDD selected. 


1 


FDD 1 selected. 


1 


FDD 2 selected. 


1 1 


FDD 3 selected. 



STI 

1 


1 



NW —Not Writable. 

No error. 

DDFDC detected a write protect signal from FDD during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. 



STI 

g MA —Missing Address Mark. 

No error. 

1 2 possible errors. 

1 . DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 

2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. 




Status Registerl (STI) 



Status Register 2 (ST2) 



7 


6 


5 


■• 4- ' 


3 


2 


1 







7 


6 


5 


4 


3 


2 


1 





EN 





DE 


OR 





NO 


NW 


MA 





CM 


DO 


WT 


SH 


SN 


BT 


MD 



STI 

7 

1 


EN -End of Track. 

No error. 

DDFDC atterhpted to access a sector beyond the last 

sector of a track. 


ST2 

7 

ST2 
6 


STI 
6 


-Not Used. Always Zero. 




1 


STI 
5 


1 


DE —Data Error. 

No error. 

DDFDC detected a CRC error in ID field or the Data freld. 





STI 
4 OR —Over Run. 

No error. 

1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 



—Not Used. Always Zero. 



STI 
3 

STI 

2 NO —No Data. 

No error. 

1 3 possible errors. 

1 . DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 

2. DDFDC cannot read ID field without an error during 
Read ID command. 

3. DDFDC cannot find starting sector during execution 
of Read a Track command. 



—Not Used. Always Zero. 



CM —Control Mark. 

No error. 

DDFDC encountered a sector which contained a Deleted 
Data Address Mark during execution pf a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. 



ST2 

5 DD —Data Error in Data Field. 

No error. 

1 DDFDC detected a CRC error in the Data field. 

ST2 
4 WT —Wrong Trapk. 

No error. 

1 Contents of T on the disk is different from that stored in 
IDR. Bit is related to ND (Bit 2) of Status Register 1. 

ST2 
3 SH -Scan Equal Hit. 

No "equal" condition during a scan command. 

1 "Equal" condition satisfied during a scan comnriand. 

ST2 

2 SN -Scan Not Satisfied. 

No error. 

1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 
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ST2 

1 



1 



BT —Bad Track. 

No error. 

Contents of T on the disk is different from that stored in 
the IDR and T = FF. Bit is related to ND (Bit 2) of Status 
Register 1. 



ST2 
MD —Missing Address Mark in Data Field. 

No error. 

1 DDFDC cannot find a Data Address Mark or Deleted Data 
Address Mark during a data read from the disk. 



Status Register 3 (ST3) 



7' ■::.;:; 


6 


5. 


4 


3 


l-Z:,.: 


-■. 1v. r 





FlT 


WP 


RDY 


TRKO 


TS 


HD 


US1 


uso 



Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 

ST3 
7 FLT —Fault. 

Fault (FLT) signal from the FDD is low. 

1 Fault (FLT) signal from the FDD is high. 

ST3 

6 WP —Write Protect. 

Write Protect (WP) signal from the FDD is low. 

1 Write Protect (WP) signal from the FDD Is high. 

ST3 
5 RDY —Ready. 

Ready (RDY) signal from the FDD is low. 

1 Ready (RDY) signal from the FDD is hiigh. 

ST3 
4 TRKO —Track 0. 

Track (TRKO) signal from the FDD is low. 

1 Track (TRKO) signal is from the FDD is high. 

ST3 
3 TS —Two Side. 

Two Side (TS) signal from the FDD is low. 

1 Two Side (TS) signal from the FDD is high. 

ST3 

2 HD —Head Select. 

Head Select (HD) signal to the FDD is low. 

1 Head Select (HD) signal to the FDD is high. 

ST3 

1 US1 —Unit Select 1. 

Unit Select 1 (US1) signal to the FDD is low. 

1 Unit Select 1 (US1) signal to the FDD is high. 

ST3 

USO —Unit Select 0. 

Unit Select (USO) signal to the FDD is low. 

1 Unit Select (US1) signal to the FDD is high. 



COMMAND SEQUENCE 

The DDFDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the command 
may be a multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the system, each command consists of three phases: 

Command Phase— The DDFDC receives all information 
required to perform a particular operation from the system. 

Execution Phase— The DDFDC performs the instructed 
operation. 

Result Phase — After completion of the operation, status and 
other housekeeping information are made available to the system. 

The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command 
code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of 
data in the command phase is received by the DDFDC, the 
execution phase starts. Similarly, when the last byte of data is 
read out in the result phase, the command is ended and the 
DDFDC is ready to accept a new command. A command can 
be terminated by asserting the Terminal Count (TC) signal to 
the DDFDC. This ensures that the processor can always get the 
DDFDC's attention even if the command In process hangs up 
in an abnormal manner. 

COMMAND DESCRIPTION 

READ DATA 

A command set of nine bytes places the DDFDC into the Read 
Data mode. Aftei- the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 

After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a "Multi-Sector Read Opera- 
tion." The Read Command terminates after reading the last data 
byte from sector R when R = EOT. STO bits 7 and 6 are set to 
and 1 , respectively, and ST1 bit 7 (EN) is set to a 1 . 

The Read Data command can also be terminated by a high 
Terminal Co unt (TC ) signal. TC should be issued at the same 
time that the DACK for the last byte of data is sent. Upon receipt 
of TC, the DDFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CRC (Cyclic 
Redundancy Count) bytes, and then at the end of that sector ter- 
minates the Read Data command and sets bits 7 and 6 in STO 
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to 0. The amount of data whieti can be handled with a single com- 
mand to the DDFDC depends upon MT (Multi-Track), MF 
(MFM/FM), and N (Number of Bytes/Sector) values. Table 3 shows 
the transfer capacity. 

The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1 , side and completed at sector L, side 1 
(sector L = last sector on the side). This function pertains to only 
one track (the same track) on each side of the disk. 

When N = in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When N is non-zero (MFM mode), DTL has no meaning and 
should be set to FF. 

At the completion of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) Interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive to 
another. 

If the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1)to a 1, sets Status 
Register (STO) bits 7 and 6 to and 1 , respectively, and ter- 
minates the Read Data command. 

After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in STI to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 if 
a CRC error occurs in the Data field, sets bits 7 arid 6 in STO 
to and 1, respectively, and terminates the command. 



If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK - 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1 , the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field are not checked when 
SK = 1. 

During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 ^ in the FM 
mode, and within 13 ^ in the MFM mode, othenwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to and 1, respectively, and terminates the command. 

If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. 




Command Phase: 
















RW 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 








1 


1 





2 


X 


X 


X 


X 


X 


HD 


US1 


USD 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 ' 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Table 3. DDFDC Transfer Capacity 



Multi-Track 
(MT) 


MFM/FM 
(MF) 


Bytes/Sector 
(N) 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 


Final Sector Read 
from Disk 









GO 
01 


(128) (26) = 3.328 
(256) (26) - 6,656 


26 at Side 
or 26 at Side 1 







00 
01 


(128) (52) = 6,656 
(256) (52) = 13,312 


26 at Side 1 







01 
02 


(256) (15) » 3,840 
(512) (15)= 7,680 


15 at Side 
or 15 at Side 1 







01 
02 


(256) (30) = 7,680 
(512) (30) = 15,360 


15 at Side 1 







02 
03 


(512) (8) = 4,096 
(1024) (8) = 8.192 


8 at Side 
or 8 at Side 1 







02 
03 


(512) (16) = 8,192 
(1024) (16) = 16,384 


8 at Side 1 
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Table 4. DDFDC Command Termination Values 



Command Phase ID 


Final Sector Transferred 
to/from Data Bus 


Result Phase ID 


Multi- 
Track 
(Ml) 


Head 

Number 

(HD) 


Track 

Number 

(T) 


Head 

Number 

(H) 


Sector 

Number 

(R) 


No. of 

Data Bytes 

(N) 





. ■ •...Q. ■'.■,.• 


Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


T + "> 


NC 


-01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


■■I,"' ■'.,...••:. 


Equal to EOT 


T + 1 


NC 


01 


NC 


1 





Less than EOT 


NO 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


01 


NC 


;:-1 .•• , 


Less than EOT 


NC 


.:" '■NC \ 


, R + 1 


NC 


1 


Equal to EOT 


.„> T.;+;1 


LSB 


01 


NC 


Notes: 

1 . NC (No Change): The same value as the one at the beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of H is complemented. 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



WRITE DATA 

A command set of nine bytes places the DDFDC in the Write Data 
mode. After the Write Data command has been received the 
DDFDC loads the head (if It is unloaded), waits the specified Head 
Settling Time (defined in the Specify command), then begins 
reading ID fields from the disk. When the four bytes (T, H, R, N) 
loaded during the command match the four bytes of the ID field 
from the disk, the DDFDC transfers data from the data bus to 
the disk Data field. 

After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 
operation until the last byte is written to sector R when R = EOT. 
STO bits 7 and 6 are set to and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 

The command can also be terminated by a high on Terminal 
Count (TO). If TO is sent to the DDFDC while wrltihg into the 
current sector, then the remainder of the Data field is filled with 
00 (zeros). In this case, STO bits 7 and 6 are set to and the 
command is terminated. 

The DDFDC reads the ID field of each sector and checks the 
ORG bytes. If the DDFDC detects a read error (incorrect CRC) 



in one of the ID fields, it terminates the Write Data command, 
sets the DE flag in STI to a 1 , and sets bits 7 and 6 in STO to 
and 1, respectively. 

The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 

• Transfer Capacity 

• End of Track (EN) flag 

• No Data (ND) flag 

• Head Unload Time (HUT) interval 

• ID Information when the processor terminates command 
(see Table 4) 

• Definition of Data Length (DTL) when N = and when N 9*= 

In the Write Data mode, (lata transfers from the data bus to the 
DDFDC must occur within 27 fjis in the FM mode, and within 13 fjis 
in the MFM mode. If the time interval between data transfers Is 
longer than this, then the DDFDC terminates the Write Data com- 
mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
7 and 6 in STO to and 1 , respectively. 



Command Phase: 
















R^V 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 


MT 


MF 











1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 
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Result Phase: 



R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



WRITE DELETED DATA 

Tiie Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. 



Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


IVIF 








1 








1 


2 


X 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 





Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector(N) 



Command Phase: 
















RAW 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


t:;: 


IVIT 


MF 


SK 





1 


1 








2 


)( 


X 


X 


X 


X 


HD 


US1 


USO 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 




Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



READ A TRACK 

The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each oT the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 

If the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag In ST1 to a 1 1f there Is no match. 



READ DELETED DATA 

The Read Deleted Data command is the same as the Read Data 
command except that if SK = when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 



If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
a 1 , and sets bits 7 and 6 of STO to and 1 , respectively. 
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Command Phase: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 





MF 


SK 











1 





2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Data Length (DTL) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


/' ...:7, 


Number of Data Bytes per Sector (N) 



READ ID 

The twobyte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to and ter- 
minates the command. 

If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1 .and if no data is found then 
the ND flag in ST1 is also set to a 1 . Bits 7 and 6 in STO are set 
to and i /respectively and the command is terminated. 

During this commarid there is no data transfer between DDFDC 
and the data bus except during the result phase. 

Command Phase: 



fVW 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 





MF 








1 





1 





2 


X 


X 


X 


X 


X 


HD 


US1 


uso 



Result Phase: 




R 


^ 


status Register (STO) 


2 


Status Register 1 (STI) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



FORMAT A TRACK 

The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density IBM System 34 format (MF = 1) or the single- 
density IBM 3740 format (MF = 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 

The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the DMA mode (ND = 0), the DDFDC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the DDFDC asserts Interrupt 
Request (INT) output four times per sector. 

The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (T), 
Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 

The processor must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, R 
contains the total numbers of sectors formatted when It is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to 0. 

If the Fault (FLT) signal is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1 , sets bits 7 and 6 of STO to and 1 , respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to and 1, respectively. 

Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. 



Command Phase 


): 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 





MF 








1 


1 





1 


2 


X 


X 


X 


X 


X 


HD 


US1 


uso 


3 


Number of Bytes per Sector (N) 


4 


Sectors per Track (ST) 


5 


Gap Length (GPL) 


6 


Data Pattern (D) 
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Table 5. Standard Floppy Disk Sector Size Relationship 



Disk 
Size 


IMode 


Sector Size 
Bytes/Sector 


No. of Data 
(N) 


No. of 

Sectors/Tracks 

(ST) 


QapLengtli(GPL)« 


Remarks 


Read/Write 
Command^ 


Format 
Command^ 


8" 


FM 


128 

256 

512 

1024 

2048 

4096 


00 
01 
02 
03 
04 
05 


1A 
OF 
08 
04 
02 
01 


07 
OE 
IB 
47 
C8 
C8 


IB 
2A 
3A 
8A 
FF- 
FF 


IBM Disk 1 
IBM Disk 2 


MFM3 


256 
512 
1024 
2048 
4096 
8192 


01 
02 
03 
04 
05 
06 


1A 
OF 
08 
04 
02 
01 


OE 
IB 
36 
99 
C8 
C8 


36 

54 
74 

FF 
FF 
FF 


IBM Disk 2D 
IBM Disk 2D 


5V." 


FM 


128 
128 
256 
512 
1024 
2048 


00 
00 
01 
02 
03 
04 


12 
10 
08 
04 
02 
01 


07 
10 
18 
46 
d8 
C8 


09 
19 
30 
87 
FF 
FF 




MFM3 


256 
256 
512 
1024 
2048 
4096 


01 
01 
02 
03 
04 
05 


12 
10 
08 
04 
02 
01 


OA 
20 
2A 
80 
C8 
C8 


OC 
32 
50 

Fb 

FF 

. FF .. 




Notes: 

1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 

2. Suggested values of GPL in Format a Track command. 

3. In MFM mode the DDFDC cannot perform a read/write/format operation with 1 28 bytes/sector (N = 00). 

4. Values of ST and GPL are in hexadecimal. 




Result Phase: 



R 


1 


Status Register (STO) 


2 


Status Register 1 (STI) 


3 


status Register 2 (ST2) 


4 


Track Number (T)' 


5 


Head Number (H)* 


6 


Sector Number (R)* 


7 


Number of Data Bytes per Sector (N)* 


* The ID information has no meaning In this command. 



SCAN COMMANDS 

The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of Dpoo - 
Dbus. DpoD^ Dbus. or Dfdd ^ Dbus P = the data pattern in 
hexadecimal). A magnitude comparison is performed (FF := 
largest number, 00 s: smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. After 
a whole sector of data is compared, if the conditions are not met, 



the sector number is incremented (R + STP -^ R), and the scan 
operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, or high or equal), the last sector on the track 
is reached (EOT), or TC is received. 

If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1 , and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1 , and tenninates 
the command. The receipt of TC from the processor or DMA con- 
troller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 

If SK = and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1 , the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 
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Table 6. Scan Status Codes 



Command 


Status Register 2 


Comments 


Bit 2 = SN 


Bits = SH 


Scan Equal 




1 




Ppdd = Dbus 
Dfdd * Dbus 


Scan Low or Equal 





1 


1 




II V A 

JIJ 


Scan High or Equal 





1 


,„ ,1 





II A V 

JJJ 



When either the STP sectors are read (contiguous sectors = 01 , 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 
tor on the track must be read. For example, if STP = 02, MT 
= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21 . Sectors 21 , 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before the EOT value of 26 can be read. 
This results in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 

During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1 , data must be available 
from the data bus In less than 27 /jis (FM mode) or 13 ;ts (MFM 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to and 1 , respectively. 



The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 

SCAN EQUAL 



Command Phase 


»: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





w 


1 


MT 


MP 


SK 


1 











1 


2 


X 


X 


X 


X 


X 


HD 


usi 


USD 


3 


Track Number (T) 


■■'■H. 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7" 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


T 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


■ ", 7 


Number of Data Bytes per Sector (N) 



SCAN LOW OR EQUAL 



Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


MT 


MF 


SK 


1 


1 








1 


2 


X 


X 


X 


X 


X 


HD 


USI 


USD 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 



R 


1 


Status Register (STO) 


2 


Status Register 1 (STt) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 
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SCAN HIGH OR EQUAL 



Comffnsnd Phflsc 


': 
















IVW 


BYTE 


7 


,',,6 


5 


4 


3 


.'-^'■: 


1 





w 


1 


MT 


MF 


SK 


i'\ 


■..'t; 


;■'""•':'.■ 





1 


2 


X 


X 


.■■'X' 


X 


X 


m 


i^si 


uso 


3 


Track Number (T) 


4 


Head Number (H) 


5 


Sector Number (R) 


6 


Number of Data Bytes per Sector (N) 


7 


End of Track (EOT) 


8 


Gap Length (GPL) 


9 


Sector Test Process (STP) 



Result Phase: 




R 


1 


Status Register (STO) 


2 


Status Register 1 (ST1) 


3 


Status Register 2 (ST2) 


4 


Track Number (T) 


5 


Head Number (H) 


6 


Sector Number (R) 


7 


Number of Data Bytes per Sector (N) 



During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1 ; but during 
the execution phase the CB flag is set to to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy stiate, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 

No command other than Seek will be accepted while the DDFDC 
Is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 

If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1. sets STO 
bits 7 and 6 to and 1 , respectively, and tenninates the command. 

If the time to write the three bytes of the Seek command exceeds 
150 /ts, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. 

Command Phase: 




WVi 


byte;^''. 


7 


■■■:«;^;;, 


'■'5',: 


4 


3 


2 


^' 1, "' 





w 


1 





p 








1 


, I' 


:i':^'' 


1 


,. 2 r 


X 


X 


;„X • 


X 


'"k 





USI 


USO 


;■■,'■■" 3' "■■ 


New Track Number (NTN) 



Result Phase: None. 



SEEK 

The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 

If PTN < NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FDD 
to cause the read/write head to step in. 

If PTN > NTN: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 

The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
is issued, NTN is compared against PTN. When NTN = PTN, 
then the Seek End (SE) flag in STO is set to a 1 , bits 7 and 6 
in STO are set to 0, and the command is terminated. At this point 
DDFDC asserts INT. 

The FDD Busy flag (bit 0-3) In the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 

After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 



RECALIBRATE 

This two-byte command retracts the FDD read/write head to the 
Track position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track signal from the 
FDD. As long as the Track signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been Issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 
STO to 1s, sets bits 7 and 6 of STO to and 1 , respectively, and 
terminates the command. 

The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 



Command Phase 


:, ,,„ 


■;, >:■/ 














RW 


BYTE 


7 


6 


5 


4 


3 


■',.2 -;•; 


\r'' 





w 


■'■; .,1,, ,■ 





, Q 











1 


1 


1 


•„.,2. -• 


X 


X 


X 


X 


X 





US1 


uso 



Result Phase: None. 
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SENSE INTERRUPT STATUS 

Interrupt Request (INT) is asserted by the DDFDC when any of 
the following conditions occur: 

1 . Upon entering the result phase of: 

a. Read Data command 

b. Read a Track command 

c. Read ID command 

d. Read Deleted Data command 

e. Write Data command 

f. Format a Track command 

g. Write Deleted Data command 
h. Scan commands 

2. Ready (RDY) line from the FDD changes state 

3. Seek or Recalibrate command termination 

4. During execution phase in the Non-DMA mode 

INT caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1 . Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to Identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 



SPECIFY 

The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands t^ the head unload state. This timer is 
programmable from 16 to 240 ms in increments of 16 ms 
(1 = 16 ms, 2 * 32 ms,. . . F = 240 ms). 

The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 
16 ms in increments of 1 ms (F = 1 ms, E = 2 ms, 
D = 3 ms, . . .0 = 16 ms.) 

The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms, . . . 
7F = 254 ms). 

The time inten/als are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 
are increased by a factor of two. 

The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = the DMA mode is selected. 



Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 

Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 



Command Phase: 



Command Phase 


>: 
















R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 





q::V 


p 





1 


d 









R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 


P 


w 


1 




















1 


1 


2 


SRT 


HUT 


a 


HU" 


ND 



SRT — Step Rate Time 
HUT— Head Unload Time 
HLT — Head Load Time 
ND — Non-DMA mode 

Result Phase: None. 



Result Phase: 



R 


1 


Status Register (STO) 


2 


Present Track Number (PTN) 



Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 



Status Register (STO) Bits 




interrupt Code (IC) 


Seek End (SE) 


Cause 


7 


6 


, ■/■5 ' 


1 


.■ ■■ ■ 1 


.,, 


RDY line changed state, either polarity 








. „ |. ■ 


Normal termination of Seek or Recalibrate command 





1 


■1 „ . 


Abnormal termination of Seek or Recalibrate command 
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SENSE DRIVE STATUS 

This two-byte command obtains and reports the status of the FDDs. 
Status Register 3 (ST3) is returned in the result phase and con- 
tains the drive status. 

Command Phase: 



R/W 


BYTE 


.7 


6 


5 „:■' 


4 


3 


2 


1 





W 


1 

















1 








2 


X 


X 


X 


X 


X 


HD 


USi 


uso 


Result Phase: 


R 


1 


Status Register 3 (ST3) 



INVALID COMMAND 

If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and RQM) In the MSR are both set to a 1 indicating 
to the processor that the DDFDC is in the result phase and that 
STO must be read. A hex 80 in SID indicates that an invalid com- 
mand was received. 

A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, othenA/ise the DDFDC considers the next 
command to be an invalid command. 

In some applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a standby or no opera- 
tion state. 

Command Phase: 



R/W 


BYTE 


7 


6 


5 


4 


3 


2 


1 





W 


1 


Invalid Codes 


Result Phase: 


R 


1 


Status Register (STD) = 80 



PROCESSOR INTERFACE 

During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 /ts before reading the MSR. Bits 6 
and 7 in the MSR must be a and 1 , respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required In only the command 
and result phases and not during the execution phase. 



During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase. All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 

INTERRUPT REQUEST MODE 

During the execution phase, the MSR need not be read. The 
receipt of each data byte from the FDD is indicated by INT high 
on pin 18. When the DDFDC is in Non-DMA mode, INT is asserted 
during the execution phase. When the DDFDC is in the DMA 
mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of data to the DDFDC. 
A further explanation of the INT signal is described in the Sense 
Interrupt Status command on page 16. If the system cannot 
handle interrupts fast enough (within 13 /iS for MFM mode or 27 iis 
for FM mode), It should poll bit 7 (RQM) in the MSR. In this case, 
RQM in the MSR functions as an Interrupt Request (INT). If the 
RQM bit is not set, the Over Run (OR) flag in ST1 will be set to 
a 1 and bits 7 and 6 of STO will be set to a and 1 , respectively. 

DMA MODE 

When the DDFDC is in the DMA mode (ND === in the third com- 
mand byte of the Specify command), DRQ (DMA Request) is 
asserted during the execution phase (rather than INT) to request 
the transfer of a data byte between the data bus and the DDFDC. 

During a read command, the DDFDC asserts DRQ as each byte 
of data is availabl e to be read. The DMA controller responds to 
this request with DA CK low (DMA Acknowledge) and RD low 
(read). When DACK goes low the DMA Request is reset (DRQ 
low). After the execution phase has been completed (TC high or 
the EOT sector is read), INT is asserted to indicate the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, INT is reset low. 

During a write command, the DDFDC asserts DRQ as each byte 
of dat a is req uired. The DMA controller respo nds to this request 
with DACK (DMA Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning of 
the result phase. When the first byte of data is read during the 
result phase, the INT is reset low. 

FDD POLLING 

After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and USI) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts INT. When Status Register (STO) is read (after Sense 
interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 1 .024 ms 
except during read/write commands. 
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Figure 3. DDFDC and System Data Transfer Timing 
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Figure 4. R6765 DDFDC Interface to Z-80 
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Figure 5. Clock Timing 
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Figure 6. Read Cycle Timing 



AO, OS, DACK 



WR 



DATA IN 
D0-D7 



INT 



J 



6^ 



X 



% - — C^)-^ /^ 



-®- 



®->l 



MS) 



X 






Figure?. Write Cycle Timing 
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Figure 8. DMA Operation Timing 
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Figure 9. FDD Write Operation Timing 
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Figure 10. FDD Read Operation Timing 
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Figure 11. Seek Operation Timing 
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Figure 12. Fault Reset Timing 



Figure 13. Index Timing 





Figure 14. Terminal Count Timing 



Figure 15. Reset Timing 
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Figure 16. AC Timing Measurement Conditions 
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AC CHARACTERISTICS 

(Vcc = 5.0 vyc ±5%. Vss = vac. Ta 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,N 


-0.3 to +7.0 


V 


Output Voltage 


Vqut 


-0.3 to +7.0 


V 


Operating Temperature Range 


Ta 


to + 70 


c 


Storage Temperature Range 


TsTG 


-55 to +150 


Qo 


OPERATING CONDmONS 


Parameter 


Range 


Vcc Power Supply 


5.0V ±5% 


Operating Temperature 


QOC to 70<»C 



*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = Vdc, Ta = 0**C to 70°C, unless otherwise noted) 



Parameter 


Symbol 


Min 


IMax 


Unit 




Input Low Voltage 
Logic 
CLK and WOK 


V|L 


-0.5 
-05 


0.8 
0.65 


V 




Input High Voltage 
Logic 
CLK and WOK 


V,H 


2.0 
2.4 


Vcc + 0.5 
Vcc + 0.5 


V 


Output Low Voltage 


Vol 




045 


V 


Vcc = 4.75V. loL = 2.0 mA 


Output High Voltage 


Vqh 


2.4 


Vcc 


V 


Vcc - 4.75V.loH - -200 A(A 


Vcc Supply Current 


Ice 




150 


mA 


Vcc = 4.75V 


Input Load Current 
Alllnputs 


i|L 




10 


mA 


V,N-Vcc 


-10 


1^ 


V,N = ov 


High Level Output Leakage Current 


'loh 




10 


pA 


Vcc = OV to 5.25V, Vss = ov 
VouT-Vcc 


Low Level Output Leakage Current 


•lol 




-10 


fA 


Vcc = ov to 5.25V, Vss = OV 
VouT= +0.45V 


Internal Power Dissipation 


Pint 


- 


1.0 


W 


Ta = 25oC 



CAPACITANCE 

(T* = 25<>C; f, = 1 MHz; Vcc = OV) 



Parameter 


Symbol 


Max Limit 


Unit 


Clock Input 


PlN(O) 


20 


PF 


input 


C,N 


10 


pF 


Output 


CouT 


20 


pF 


Note: All pins except pin under test tied to ground. 
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PACKAGE DIMENSIONS 



40-PIN CERAMIC DIP 
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I M i i i I i M i i i i i 
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md 



SEATING PLANE J I I K""" \ 



40-PIN PLASTIC DIP 



\}\J\J\J \ J X J \ J\J\J\J\J\J\J\J\J\J\J\J\J^ 



DIM 


MILLIMETERS 


IHCHES 


MIN 


MAX 


MIN 


MAX 


A 


50.29 


51.31 


1.980 


2.020 


B 


14.86 


15.62 


0.585 


0.615 


C 


2.54 


4.19 


0.100 


0.165 


D 


0.38 


-0.53 


0.015 


0.021 


F 


0.76 


1.40 


0.030 


0.055 


G 


2.54 BSC 


0.100 BSC 


H 


0.76 


1.78 


0.030 


0.070 


J 


0.20 


0.33 


0.008 


0.013 


K 


2.54 


4.19 


0.100 


0.165 


L 


14.60 


15.37 


0.575 


0.605 


M 


o» 


10» 


QO 


10° 


N 


0.51 


1.52 


0.020 


0.060 



mmmmmwm^^ 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


51.28 


52.32 


2.040 


2.060 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.55 


5.08 


0.140 


0.200 


D 


0.36 


0.51 


0.014 


0.020 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.30 


0.008 
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K 


3.05 


3.56 


0.120 


0.140 


L 


15.24 BSC 


0.600 BSC 


M 


7° 


10° 


7" 


10O 


N 


0.51 


1.02 


0.020 


0.040 




2-337 



SECTION 3 
R6500/* MICROCOMPUTERS 



'.■Page 

Product Family Overview 3-2 

R65C00/21 and R66G29 Dual CIVIOS Microcomputer 
and Dual CMOS Microprocessor . . 3-3 

R65F11 and R65F12 FORTH One-Chip Microcomputers . . . . 3-35 

R65FRX and R65FKX RSG FORTH Development and Kernel ROMs ..... 3-67 

R6501Q One-Chip Microprocessor ., ..... 3-75 

R6500/1 Ohe-Chip Microcomputer 3-104 

R6500/1E Emulator Device 3-135 

R6500/1EB and R6500/1EAB Backpack Emulator 3-142 

R6500/1 1 and R6500/12 One-Chip Microcomputers 3-147 

R65/11EB and R65/11EAB Backpack Emulator ........ . . . 3-182 

R6500/13 and R6511Q One-Chip Microcomputer and One-Chip Microprocessor . .... 3-187 

R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers . .... 3-222 

R65/41EB and R65/41EAB Backpack Emulator 3-251 

R6500/43 and R6541Q One-Chip Intelligent Peripheral Controllers 3-256 




3-1 



R6500/« SINGLE-CHIP MICROCOMPUTER FAMILY 
Higher Performance, Broader Applications, Software Compatibility 



The R6500/* single-chip microcomputers are completely 
software compatible with the 8-bit multi-chip family: They let 
you move easily from a multi-chip to a single-chip system 
solution when the application warrants it. They also function 
as intelligent peripheral controllers. The family continues to 
expand to include dual processors and CMOS versions. The 
R6500/* devices have faster execution speeds for most 
applications, based on our competitors own figures, even 
though some others use higher frequency crystals. 

Features Include 1.5 to 3K bytes of ROM, 64 to 192 bytes 
of RAM, 23 to 56 I/O ports, multiple use counter/timers, 
serial communication channels, new bit manipulation 
Instructions, expansion bus, multiple bus interfaces, directly 
executable RAM with low power standby, multiple interrupts, 
all from a single 5V power supply. 

Three intelligent peripheral controllers offer design 
effective upgrading potentials for existing 6800, 8080, Z80 
and 6500 systems. They're also available in ROM-less 



versions, for large memory system applications and for 
developing and simulating products in prototype, with 
external memory. 

And, two versions even have all system software on chip, 
including an operating system and high level FORTH 
language. It's an extremely versatile single-chipper. 

Three different sets of development ROM permit systems 
from 16 to 40 I/O and 8K to 48K of application program 
memory. 

As the highest performance single-chip family, the 
R6500/* devices are in use now In applications such as 
printers, telephone answering equipment, fixed disk drives, 
stereos, industrial controllers, telecom, cash registers, 
sewing machines, test equipment and more. 

Check for yourself and see how a Rockwell R6500/* can 
solve your system problem. There are no higher performing 
8-bit single chippers, regardless of clock speeds. 



ROCKWELL NMOS MICROCOMPUTERS-rTHE TOP PERFORMERS IN INDUSTRY 



Features/Models 


R6500/1 


R6500/11 


R6500/12 


R6501Q/11Q 


R6500/41 


R6500/42 


R6541Q 


• ROM (x8) 


2048 


3072 


3072 


_ 


1536 


1536 


256 


• RAM (x8) 


64 


192 


192 


192 


64 


64 


64 


• I/O Lines 


32 


32 


56 


32 


23 


47 


23 


• Serial Comrn. 


— 


USART 


USART 


USART 


— 


— 


-- 


• 16-Bit Counters 


ONE 


TWO 


TWO 


TWO 


ONE 


ONE 


ONE 


• Host/Slave Bus 


— 


— 


— 


— 


80/65 


80/65 


80/65 


• Expansion Bus 


— 


16K 


16K 


65K 


4K 


4K 


8K/4K 


• Interrupts 

— External 

— Internal 

— Host 


4 

1 


6 
4 


6 
4 


6 

4 


4 
1 
2 


4 
1 
2 


5 
1 
2 


• Standby RAM (mW) 

• Package 


35 
40 DIP 


12 
40 DIP 


12 
64 QUIP 


12 
64 QUIP 


40 DIP 


64 QUIP 


64 QUIP 


Alternatives for 


8048/49 


8051 


8031 


8041 
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R65C00/21#R65C29 




R65C00/21 DUAL CMOS MICROCOMPUTER 

AND R65C29 DUAL CMOS 

MICROPROCESSOR 



PRELIMINARY 

INTRODUCTION 



FEATURES 

• Two enhanced CMOS R6502 CPU's In one device 
—Common memory and I/O 

— Shared data and subroutines 
—Independent CPU registers and interrupt vectors 
— Independent reset operation and programs 
— R6502 software and timing compatible 

• 10 new instructions for faster and smaller programs 
—Unsigned Multiply (MUL) 

—Set and Reset Memory Bit (SMB and RMB) 
—Branch on Bit Set and Reset (BBS and BBR) 
—Unconditional Branch (BRA) 
—Push and Pull Index Registers (PHX, PHY; PLX, PLY) 

• Microcomputer/microprocessor/peripheral controller operation 
—Stand-alone microcomputer 

2048 X 8 mask programmable ROM 

128 X 8 random access memory (RAM) 
— Enhanced microprocessor 

Built-in RAM, ROM and I/O with expandability 

8-, 12- or 16-bit extension address bus 
— Programmable peripheral controller 

Host data bus interface (Z80/8080 or 6500/6800 option) 

Self-contained or expandable 

• 16-bit Counter/Timer A with eight modes, and prescaler 
—Timer Off 

—Free-Run Event Counter 

— Free-Run Pulse Width Measurement 

—One-Shot Retriggerable Timer 

^One-Shot Interval Timer 

— Free-Run Interval Timer 

—One-Shot Pulse Generator 

— Free-Run Pulse Generator 

• 16-bit Counter/Timer B with four modes 
—Free-Run Interval Timer 
—Free-Run Pulse Generator 

^ Event Counter 

—Pulse Width Measurement 

• Up to 52 general purpose input/output lines 

—Five bidirectional 8-bit ports (PA, PB, PC, PD and PF) 

—One 8-bit output port (PE) 

—One 4-bit input port (PG) 

— Multi-purpose operation for selected ports 



• Nine interrupts 

— Positive and negative edge detect 
— Low level detect (external IRQ) 
— Counter/Timer A and B underflow 
— Inter-processor communication 
— Host computer data transfer 
— Non-maskable 
—Reset 

• Flexible system operation 

— Memory mapped I/O for easy programming 
—Page zero location for memory efficient access 

• Low power at normal frequency (40 mw at 2 MHz) 

• Reduced power at low frequency (2.0 mw at 2 MHz/128) 

• System clock rates from 10 KHz to 4 MHz 

• 5V ± 10% power supply 

• 64-pin QUIP 

SUMMARY 

The Rockwell R65C00/21 is a complete, high performance 
8-bit, CMOS dual microcomputer in a single chip and is com- 
patible with ail R6500 microprocessors except that it has 
additional instructions including a lO^locktime multiply. 

The R65C00/21 consists of two enhanced instruction set 6502 
CPU's in one device. The device also has 2048 bytes of Read- 
only Memory (ROM), 128 bytes of Random Access Memory 
(RAM) and versatile interface circuitry. The interface circuitry 
consists of two multimode programmable 16-bit counter/timers 
and 52 general purpose input/Output lines. Some of these input/ 
output lines may be used as address, data and control lines 
for expanded systems or as data and control lines when the 
R65C00/21 is used as a programmable peripheral controller. 

The two CPU's in the R65C00/21 are functbnally independent. 
Each has its own set of registers, its own reset and Interrupt 
vectors and operates under control of its own program. The two 
CPU's do, however, share the same memory and system I/O 
resources. This allows direct communication between the two 
CPU's and allows sharing of subroutines and common data 
areas where desired. Programming and system design for 
applications which require simultaneous contrpi of two or more 
independent asynchronous processes is thus simplified because 
one CPU may control one process while the other controls 
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another one. Consequently, complex programming usually 
needed to interleave the control functions or to Implement an 
interrupt driven system, is not required. 

In a multiple computer approach, both processors may need the 
same subroutines so that some portions of memory must be 
duplicated in both systems. The dual CPU's share the same 
program memory, therefore only one set of subroutines is 
required and both CPU's may even be using them at the same 
time without interference. 



DEVELOPMENT SYSTEM SUPPORT 

Prototype circuit and software development support are avail- 
able using the Rockwell Design Center (RDC) and R65C00/21 
Personality Module. Program development and debugging aids 
such as text editing, symbolic assembly with conditionals and 
macros at the absolute and relocatable/linking level, and single/ 
multiple step execution with instruction/data tracing are pro- 
vided. Real-time in-circuit emulation In the target environment 
is also supported. 



In addition to the dual CPU's, the R65C00/21 also has the 
innovative architecture and the demonstrated high performance 
of the well established R6502 CPU, flexible input/output which 
provides improvements over the R6522 Versatile Interface 
Adapter (VIA) device, and production efficient on-chip ROM and 
RAM. These features make the R65C0G/21 a leading candidate 
for most imbedded microcomputer applications. 

A system using the R65C00/21 Dual CMOS Microcomputer will 
be simpler in design, use less program memory, require fewer 
components, reduce circuit board sizes, simplify test require- 
ments, and minimize field maintenance— all contributing to lower 
production and support costs. In addition, simpler designs shorten 
development effort and time^eading to reduced development 
costs and faster product to market. 

The R65C29 Dual CMOS Microprdcessor, a ROM-less version 
of the R65C00/21 with permanently extended data and address 
bus, is also available^ The R65e29 is ideal for dual CPU appli- 
cations requiring changeable ROM and/or extended RAM, ROM 
or I/O, and can also be used for R65C00/21 prototype circuit 
development. The R65C00/21 can also operate In an emulation 
mode, like the R65C29, with its internal ROM disabled. 



NOTE 

All descriptions of R65C00/21 operation in this document 
also apply to the R65C29 except for internal ROM, and 
as otherwise noted. 



ORDERING INFORMATION 

The R65C00/21 Dual CMOS Microcomputer can be ordered in 
volume quantities with the following speed capability and mask 
option indicated in the R65C00/21 ROM Code Order Form (Doc- 
ument Order No. 2134) 

• 1, 2, 3, or 4 MHz system clock (02) 

m Crystal/master clock or slaved clock input mask option 

The R65C29 Dual CMOS Microprocessor has the following 
characteristics: 

• Crystal/master clock input 

• 8-bit data bus and 1 6-bit address bus extension 

• No internal ROM 
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INTERFACE 



The interfaces for the Re5C00/21 and R65G29 are illustrated 
In Figure 1. 

The pin assignments for the R65C00/21 and the R65C29 are 
shown in Figure 2. The R65C29 pin assignments are the same 
as the R65C00/21 except that bus expansion functions are per- 
manently assigned instead of general purpose ports D and E. 



The interface signals foi* the R65C00/21 and R65C29 are 
described in Table 2. The descriptions of the selectable bus 
expansion pins (16-bit address mode) for the R65C00/21 apply 
to permanent bus expansion pins for the R65C29. 




NMIA 



R/W 



SYNC 



0A 



CPU A 



CPUS 



OSCILLATOR 

CLOCK 
GENERATOR 



2048x8 

ROM 

R65C00/21 ONLY 



128x8 
RAM 



CONTROL 
REGISTERS 



TIMER A 



TIMER B 



PORT G 



PORT A 




PORTB 




PORT C 




PORTD 




PORTE 




PORTF 



<^ 



V ^ / PBO/PB? 



C 



PA0-PA7 






<x> 



PC0-PC7 
OPTIONAL USE- 
HOST DATA BUS 

PD0-PD7 
OPTIONAL USE: 
EXP. BUS 
DATA/LOWER ADDR. 

PE0-PE7 
OPTIONAL USE: 
EXP. BUS 
DATA/LOWER ADDR. 

PF0-PF7 
OPTIONAL USE: 
PFOPOS.EDGE 
DETECT 
PF1 NEG. EDGE 
DETECT ___ 
PF2 EXT. IRQ INPUT 
PFsflMAI/O 
PF4TIMBI/0 

PF5 

PF6— 
PF7HINT 

PG0-PG3 
OPTIONAL USE: 
PGOH02/H RD 
PG1 WRm/HWR 
PQ2 HRS 
PG3CS 



Figure 1. R65C00/21 and R65C29 Interface Diagram 
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XTALI 
OA 

SYNC 
PE7 
PE5 
PE3 
PE1 
PF7 
PF5 
PF3 
PF1 
PA7 
PAS 
PA3 
PA1 
Vss 

XTALI 
0A 
SYNC 
A15 
A13 
All 
A9 
PF7 
PF5 
PF3 
PF1 
PA7 
PAS 
PA3 
PA1 
Vss 



XTALO 

02 

EMS 

R/W 

PE6 

PE4 

PE2 

PEO 

PF6 

PF4 

PF2 

PFO 

PA6 

PF4 

PA2 

PAO 

XTALO 

02 

IMS 

R/W 

A14 

A12 

A10 

A8 

PF6 

PF4 

PF2 

PFO 

PA6 

PA4 

PA2 

PAO 



c= 


1 64 

2 63 

3 62 

4 61 

5 60 

6 59 

7 58 

8 57 

9 56 

10 55 

11 54 

12 53 
]l R65C0O/21 ^2 

15 50 

16 49 

17 48 

18 47 

19 46 

20 45 

21 44 

22 43 

23 42 

24 41 

25 40 

26 39 

27 38 

28 37 

29 36 

30 35 

31 34 

32 33 


Zl 






cz: 


Zl 






c= 


ZI 






d 


=1 
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Z] 
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__J 
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m 


z]' ■■ 






[= 


Zl 
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iD 






cz 
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z: 
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Zl 






tz 


Zl 
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cr 
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6 59 
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15 50 
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Zl 






cz 
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cz 


Z2 
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cz 


m... 






cz 
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cz 
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cz 
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cz 
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cz 
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1= 
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Vcc 

NMJA 

PGO 

PG2 

PDO 

PD2 

PD4 

PD6 

PCO 

PC2 

PC4 

PC6 

PBO 

PB2 

PB4 

PB6 

Vcc 

NMIA 

PGO 

PG2 

AO/DO 

A2/D2 

A4/D4 

A6/D6 

PCO 

PC2 

PC4 

PC6 

PBO 

PB2 

PB4 

PBO 



RES 

NMli 

PG1 

PG3 

PD1 

PD3 

PDS 

PD7 

PCI 

PC3 

PCS 

PC7 

PB1 

PBS 

PBS 

PB7 

RES 

NMIB 

PG1 

PG3 

A1/D1 

A3/D3 

AS/D5 

A7/D7 

PCI 

PC3 

PCS 

PC7 

PB1 

PB3 

PBS 

PB7 



Figure 2. R65CQ0/21 and R65C29 Pin Asignments 
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Table 1. R65C00/21 Pin Descriptions 



Signal Name 


Pin No. 


I/O 


Description 


PA0-PA7 


31-24 


I/O 


Port A. General purpose 8-bit I/O Port A. 


PB0-PB7 


40-33 


I/O 


Port B. General purpose 8-blt I/O Port B. 


PC0-PC7 


48-41 


I/O 


Port C. General purpose 8-blt I/O Port C. Host Data Bus In Host Mode. 


PD0-PD7 


56-49 


I/O 


Port D. General purpose 8-bit I/O Port D. Multiplexed lower address (AO to A7) and Data 
Bus (D0-D7) when Bus Extension Mode Is selected. 


PE0-PE7 


15-8 





Port E. General purpose 8-bit output Port E. Upper address (A8 to All or A8 to A15) when 
Bus Expansion Mode Is selected. 


PF0-PF7 


23-16 


I/O 


Port F. General purpose 8-bit I/O Port F. Under software control, each line has alternate 
functions as follows: 


PFONEG (PFO) 


23 


1 


PFO Positive Edge Detect. Maskable CPU interrupt on PFO Positive Transition. 


PF1P0S(PF) 


22 


1 


PF1 Negative Edge Detect. Maslcable CPU interrupt on PF1 Negative Transition. 


PF2L0W (PF2) 


21 


1 


PF2 Low Level Detect. Maskable CPU interrupt on PF2 Low (external IRQ). 


TIMA (PF3) 


20 


I/O 


Timer A External Input/Output. 


TIMB (PF4) 


19 


I/O 


Timer B External input/Output. 


HINT (PF7) 


16 


O 


Host interrupt. Active-low maskable interrupt request to Host. 


PG0-PG3 


60-57 


1 


Port G. General purpose 4-bit input Port G. Under software control, Port G serves as the 
Host Control Bus as follows: 


H^2/HRD (PGO) 


60 


1 


Host Bus Cloci(/Read Strobe Input. 0*2 for 6500/6800 bus; Read Strobe for Z80/8080 
bus. 


HFVW/HWR(PG1) 


59 


1 


Host Bus Read-Write/Write Strobe Input. R^W for 6500/6800 bus; Write Strobe for 
Z80/8080 bus. 


HRS (PG2) 


58 


1 '■.;'. 


Host Bus Register Select Input. Low selects Data Buffer; high selects Status Flags. 


CS(PG3) 


57 


1 


Host Bus Active-Low Chip Select input. Low selects Host Bus operation depending on 
HRS and HR/W/HWR coding and Host Control and Status Register contents; high 
disables Host Bus interface. 


RES 


63 


1 


Reset. Active-low Reset input initializes R65C00/21 to initial conditions— resets all registers 
and I/O lines. 


NMIA 


62 


1 


CPU A Non-Masl(abie Interrupt. Non-maskable negative edge sensitive interrupt input to 
CPU A. 


NMIB 


61 


•; '"^^ 


CPU B Non-Maslcabie Interrupt. Non-maskable negative edge sensitive interrupt Input to 
CPUB. 


EMS 


5 


o 




1^2 


3 


o 


System Pliase 2 CiocIc Output. Maskable as system clock input for slave operation. 


R/W 


7 





Read/Write. Read/write control output. High during read, low during write. 


SYNC 


6 





Sync. Instruction sync output. High When Op Code fetched 


IzTa 


4 


o 


Phase A. Phase A clock output. High during CPU A bus cycle, low during CPU B bus 

cycle. 
Crystal/Master Clock Return. Output connection to crystal (or no connection if external 

master clock connected to XTALI). Input frequency is two times system clock (02) rate. 


XTALO 


1 





XTALI 


2 


1 


Crystal/Master Clock Input. Input connection from crystal (or external master clock). 


VCC 


64 




Power, 5.0 Vdc. 


VSS 


32 




GND. Signal and power ground. 
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FUNCTIONAL DESCRIPTION 



The R65C00/21 consists of two central processor units (CPU's), 
a 2048 X 8 read-only memory (ROM), a 128 x 8 random access 
memory (RAM), five 8-bit parallel I/O ports, one 8-bit output 
port, one 4-blt input port, two 16-bit counter/timer systems, a 
variety of I/O control registers, and an independent interrupt 
control system for each CPU. All of the ROM, RAM, I/O, internal 
buses, and the arithmetic logic unit (ALU) are shared by the two 
CPU's. A memory map of the system is shown in Figure 3. An 
overall block diagram of the R65CbO/21 is shown in Figure 4. 

NOTE 

Throughout this document, unless specified otherwise, all 
memory or register address locations are specified in 
hexadecimal notation. 



INTERNAL MEMORY 

INTERNAL READ-ONLY-MEMORY (ROM) 

The ROM in the R65C00/21 consists of 2048 (2K) bytes of mask 
programmable memory with an address space from F800 to 
FFFF. ROM locations FFF2 through FFFF are assigned to inter- 
rupt and reset vectors for the two CPU's. 

INTERNAL RANDOM ACCESS MEMORY (RAM) 

The internal RAM consists of 128 bytes of read/write memory 
with assigned page zero addresses of 0080 through OOFF. 



EXTERNAL MEMORY 

External memory can be addressed by selecting the Bus 
Expansion Mode in the Bus Control Register. Address space 
from 0200 through EFFF may be accessed for either RAM, 
ROM, or I/O purposes as the particular application requires it. 
In addition, there are 32 bytes from 0020 through 003F which 
may be used for I/O expansion and 256 bytes from 01 00 through 
01 FF which may be external RAM. 



CPU LOGIC 

Each CPU in the R65C00/21 is effectively a standard R6502 
CPU with 10 extra instructions utilizing 40 operation codes which 
are unused in the R6502. Therefore, each CPU has an 8-bit 
accumulator, two 8- bit index registers (X and Y), an 8-bit Stack 
Register, a 16-bit Program Counter, independent interrupt cir- 
cuitry, and an instruction register with state counter. The internal 
buses, memory, instruction decoding circuitry, and ALU are 
shared by the two CPU's on alternate clock cycles. 

ACCUMULATORS 

The accumulator in each CPU is a general purpose 8-bit register 
that stores the results of most arithmetic and logic operations. 
Additionally, the accumulator contains one of the two data words 
used in these operations. 



INDEX REGISTERS 

Each CPU has two index registers, X and Y. Each Index register 
may be used as a modifier to a base address supplied as a part 
of the instruction being processed. The resulting effective address 
is usually the sum of the base address plus the contents of the 
Indicated index register. The index registers are used in a 
number of the addressing modes including zero page indexed, 
absolute indexed, post-indexed Indirect and pre-lndexed indi- 
rect. Each index register also has a family of instructions which 
allow loading, storing, incrementing, decrementing, and com- 
paring the contents of the register. These are discussed thor- 
oughly in the R6500 Programming Manual (Order No. 202). 



ADDRESS (HEX) 

0000 
001 F 
0020 
003F 
0040 
007F 

0080 

OOFF 
0100 

01 7F 
0180 

01 FF 
0200 

EFFF 
FOOO 
F7FF 

F800 
FFF1 
FFF2 
FFF3 

FFF4 
FFF5 

FFF6 
FFF7 

FFF8 
FFF9 

FFFA 
FFFB 

FFFC 
FFFD 

FFFE 
FFFF 

Notes: 

1. When bit 4 of the I 
the 128 bytes of ir 
page zero and paj 
or 01 80-01 FF. W 
(256 bytes) is ma 
of internal RAM i 

2. Accessible in bus 




I/O AND CONTROL REGISTERS 


EXTERNAL I/O EXPAN^ION^ 


NOT ACCESSIBLE 


INTERNAL RAM (128 BYTES)! 
(SHARED WITH 01 80-01 FF) 


E)(TERNAL RAM EXPANSION^ 


INTERNAL RAM (128 BYTES)1 
(SHARED WITH 0080-OOFF) 


EXTERNAL MEMORY AND 
I/O EXPANSIONS 


NOT ACCESSIBLE 


INTERNAL ROM (2048 BYTES) 


NMIB VECTOR 


RESB VECTOR 


IRQB VECTOR 


NOT USED 


NMIA VECTOR 


RESA VECTOR 


IRQA VECTOR 


3us Control Register (BCR) is a (default value), 
iternal RAM are redundantly mapped into both 
je one and are addressable as either 0080-OOFF 
hen BCR bit 4 is a 1, all of page one RAM 
pped externally (01 00-01 FF) and the 128 bytes 
ire dedicated to page zero (0080-OOFF). 
> expansion mode. 



Figures. R65C00/21 Memory Map 
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INTERRUPT 
FLAG 
BITS 




INSTRUCTION 




■ I 

■ INDEX L_ 

■ REGISTER K_ 





ACCUMULATOR C 




ROM 
2048X8 
(R65C00/21 ,^ 
ONLY) C 



INTERRUPT 

CONTROL 

AND STATUS 

REGISTER 




CLEAR 
INTERRUPT 

FLAG 
REGISTER 



NoteiO 

Indicates dual registers — one 
for CPU A and one for CPU B 




PRESCALER 
(-128) 



POWER 
CONTROL 
REGISTER 



CONTROL 
AND STATUS 
REGISTER 



TIMER B 
CONTROL 
AND STATUS 
REGISTER 



HOST 

CONTROL 

AND STATUS 

REGISTER 



DATA 
DIRECTION 



BUS 
) CONTROL 
REGISTER 



DATA 
") DIRECTION 



-#>02 



TIMER A 
CLOCK 
SELECT 



COUNTERmMER A 



UPPEN LATCH 


LOWER LATCH 


UPPER COUNTER 


LOWER COUNTER 


SNAPSHOT REG. 





- PF3 



COUNTER/TIMER B 



UPPER LATCH 


LOWER UTCH 


UPPER COUNTER 


LOWER COUNTER 



PQa-PG3 
(HOST CONTROL) 



PORTF 
I/O 



PF0-PF7 
(SPECIAL 
FUNCTIONS) 



PE(»-PE7 
(A8-A11 



PD0-PD7 
(A&-A7 
AND 
DO-07) 



PC0-PC7 
(HOST DATA BUS) 



Figure 4. R65C00/21 and R65C29 Block Diagram 
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STACK POINTERS 

Each CPU in the R65C00/21 has its own independent 8-bit 
Stack Register lcx;ated in RAIVi on page zero/one and is pointed 
to by a Stack Pointer. Each Stack Register is automatically 
incremented and decremented under control of the appropriate 
CPU to perform proper stack manipulations in response to user 
instructions, an IRQ interrupt or an external NMI interrupt of the 
appropriate CPU. The Stack Pointers must be initialized by the 
user program. 

These stacks allow simple implementation of multiple level 
independent interrupts in each CPU, subroutine nesting, and 
simplification of many types of data manipulation without 
the programmer continually being aware of specific memory 
addresses. The JSR, BRK, RTI, RTS, PHA, PLA, PHP, PLP, 
PHX, PLX, PHY and PLY Instructions all make use of the stack 
and the appropriate CPU's Stack Pointer. 

Each stack may be visualized as a deck of cards which may only 
be accessed from the bottom of the deck. The value to be stored 
is written on a card and then that card is placed on the bottom 
of the deck (pushed onto the stack). When the data are to be 
read, the bottom card is removed from the deck and the value 
on it transferred to the appropriate register (pulled from the stack 
to the specific register). Each time data are to be used as an 
address, the value Is stored in the addressed memory cell, and 
the Stack Pointer is decremented by 1 . When the data are read 
(or "pulled") from the stack, the Stack Pointer is incremented 
by 1 and the resulting value can be used to address the data. 
The data are read from the addressed memory cell and then 
transferred to the appropriate register in the CPU. 

Each CPU must have an independent starting location for its 
stack. It is the programmer's responsibility to see that the RAM 
utilized for each CPU stack does not conflict. It is recommended 
that the CPU requiring less depth in its stack be assigned the 
OXFF location and the other stack be started a safe distance 
below it. The two stacks are physically located either on page 
zero (although addressed as page one) for single-chip opera- 
tion, or externally on page one when extended addressing is 
selected. (See Note 1 in Figure 3). The default areas for the 
stacks are on page zero. In either case, both stacks are on the 
same page. 

ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations for both CPU's take place in 
a shared ALU. Incrementing and decrementing of the index reg- 
isters and memory also take place here. The ALU stores data 
for only one cycle. Consequently, data placed on the inputs at 
the beginning of a cycle are processed and gated to one of the 
registers, or to memory, during the next cycle. 

Each bit of the ALU has two inputs. These inputs may be tied 
to various internal buses or to a logic zero; the ALU then gen- 
erates the function (AND, OR, SUM, etc.) using the data on the 
two inputs. 

PROGRAM COUNTERS 

The 16-bit program counters for each CPU provide addresses 
that step each processor through sequential instructions in a 
stored program. The program counter for each CPU is initially 
set to the value stored as the reset vector in CPU A (RESA at 



FFFC) and in CPU B (RESB at FFF4) when power is applied 
to the R65C00/21 . Each time a processor fetches an instruction 
from memory, the lower (least significant) byte of its program 
counter (PCL) is placed on the low-order eight bits of the address 
bus and the higher (most significant) byte of the program counter 
(PCH) is placed on the high-order eight bits of the address bus. 
The counter is incremented each time an instruction or operand 
is fetched from memory. 

The contents of the program counter are replaced with a new 
value when a JMP, JSR, RTS, RTI, BRK, or any of the branch 
instructions are executed. Also, the program counter value is 
replaced when an external non-maskable interrupt NMIA or 
NMIB, an internal interrupt request, an ext ernal interrupt request 
via PF2 (see Port F description) or reset (RES) occurs. 



INSTRUCTION REGISTERS AND 
INSTRUCTION DECODE 

Instructions selected by the program counter are fetched from 
ROM or RAM (or Port D if in Expanded Bus Mode) and gated 
onto the internal data bus. These instructions are latched into 
the proper instruction register and then decoded using common 
decoding circuits for both CPU's. Timing, status bits, and inter- 
rupt controls are interpreted together vyith the instruction code 
to generate control signals for the various registers in the 
appropriate CPU. 



INTERRUPT LOGIC 

Each CPU has its own l ogic which con trols the sequencing of 
t hree types of interrupts: RES, NMI, and IRQ. The same RESET 
(RES) pin is used for both CPU's; consequently, reset occurs 
on both CPU's at the same time. A different reset vector (RESA 
and RESB) exists for each CPU to allow initialization of the sep- 
arate and independent programs. 

Separate pins ar e us ed for the two processors' non-maskable 
interrupts (NMIA and NMIB). Each processor has its own NMI 
vector; CPU A uses NMIA Vector at FFFA and CPU B uses 
NMIB Vector at FFF2. 

Three different types of external Interrupt conditions can be 
detected by connecting the external signal to one of three Port 
F input pins. A positive-going edge, a negative-going edge, and 
an external interrupt request (IRQ), i.e., a low level, can be 
detected on PFO, PF1 and PF2, respectively. Internally, IRQ 
conditions can be generated by time-out of either of the two 1 6- 
bit counter/timers, upon interprocessor-commUnication request 
by the other CPU, or by the Host Interface Port. 

In each case, the interrupt condition is reported as an interrupt 
flag in a control/status register associated with the functional 
area. Each CPU can either enable or disable IRQ generation by 
setting or resetting a corresponding interrupt enable bit In the 
same or associated control/status register. 

Furthermore, each CPU can control whether or_not its pro- 
cessing is interrupted when an interrupt request (IRQ) is gen- 
erated. Each CPU has Its own Processor St atus Register (PSRA 
and PSRB) with the capability of disabling IRQ interrupts when 
its own "I flag" bit is a 1. 
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NEW AND MODIFIED INSTRUCTIONS 

In addition to the standard R6502 Instruction set, ten new 
instructions have been added and minor timing and other 
changes have been made to a few other instructions. Ail of these 
additions and changes are discussed in this section. Refer to 
the Instruction Set Op Code Matrix for the operation codes and 
addressing modes of all instructions. The times indicated for 
each instruction are given in terms of CPU clock-times. 

UNSIGNED MULTIPLY (MUL) 

The 10 clock-time hardware multiply instruction multiplies the 8- 
bit contents of the Y register by the 8-bit contents of the A reg- 
ister to give a 16-bit product. At the completion of the multiply 
operation, the most significant half of the product resides In the 
A register and the least significant half In th6 Y register. This 
operation uses unsigned numbers only. This instruction uses the 
Implied addressing mode and, consequently, requires one byte 
for the op code. 

SET MEMORY BIT (SMB m, ADDRESS.) 

This instruction uses zero page addressing only and requires 
five cycle times. It sets the designated bit in the addressed 
memory cell or I/O port to a 1. The first byte of the two-byte 
instruction identifies the operation and the bit to be set while the 
second byte designates the address of the word In which the bit 
is to be set. Eight op codes are used for the eight bit locations 
In a byte. 

RESET MEMORY BIT (RMB m, ADDRESS.) 

This instruction operates in the same way as the SMB instruc- 
tion except that the bit is set to 0. 

BRANCH ON BIT SET RELATIVE 
(BBS m, ADDRESS, DESTINATION) 

This instruction tests one of eight bits designated by a three-bit 
Immediate field within the first byte of the instruction. The second 
byte designates the address of the byte to be tested within the 
zero page address range (memory or I/O ports). The third byte 
of the Instruction specifies the 8-bit relative address to which the 



Instruction branches if the bit tested is a 1. If the bit tested is not 
set to a 1, the next sequential instruction is executed. This 
instruction requires five cycles if the branch is not executed, six 
cycles if the branch executes to the same page, or seven cycles 
if it branches to a different page. 

BRANCH ON BIT RESET RELATIVE 
(BiR m, ADDRESS, DESTINATION) 

This instruction Is similar to the BBS instruction except that the 
branch takes place if the bit tested is a 0. 

INDEX REGISTER STACK OPERATIONS 
(PHX, PLX, PHY, AND PLY) 

These instructions are similar to the PHA and PLA Instructions 
in the conventional R6502 except that they push or pull the X 
or Y registers to and from the stack, respectively. The push 
Instructions require three instruction cycles and the pull instruc- 
tions require four cycles. 

UNCONDITIONAL BRANCH (BRA) 

This unconditional branch is a branch always instruction. It oper- 
ates similar to the conditional branches of the R6502 except that 
the relative branch always occurs. It executes in three cycles if 
the branch is to the same page or four cycles if it is hot. Two bytes 
are required, one for the op code and the other for the relative 




INSTRUCTION DIFFERENCES FROM R6502 

Decimal add and decimal subtract instructions on the R65C00/ 
21 require one cycle time longer than their binary equivalents. 
The add and subtract times are the same for both decimal and 
binary operation on the R6502. 

The decimal mode flag (D) in the processor status registers 
default to binary (D =0) operation when the R65C00/21 is RESET, 
whereas this bit is uninitialized on the R6502. 

The Indirect jump instruction increments the page address when 
the Indirect pointer crosses a page boundary, whereas on the 
R6502 it does not. 
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PROCESSOR STATUS REGISTERS 

Each CPU has its own 8-bit Processor Status Register. Each 
register contains seven status flags. Some of these flags 
are controlled by the user program; others may be controlled 
both by the user's program and the appropriate CPU. The 
R65C0O/21 instruction set contains a number of conditional 
branch instructions which are designed to allow testing of these 
flags. 

CARRY BIT (C) 

The carry bit (C) can be considered the ninth bit of an arithmetic 
operation. It Is set to a 1 if a carry from the eighth bit has 
occurred, or it is cleared to if no carry has occurred, as a result 
of arithmetic or shift operations. 

The carry bit may be set or cleared under program control by 
use of the Set Carry (SEC) or Clear Carry (CLC) instructions, 
respectively. Other operations which affect the carry bit are 
ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, and 
SBC. 

ZERO BIT (Z) 

The zero bit (Z) is set to a 1 by the CPU during any data move- 
ments, or calculations, which sets all eight bits of the result to 
zero for that CPU. This bit is cleared to a when all eight bits 
of a data movement, or calculation, operations are not all zero 
for that CPU. The R6500 instruction set contains no instruction 
to specifically set or clear the Z flag bit. The Z flag bit is, how- 
ever, affected by the following instructions: ADC, AND, ASL, 
BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LSR, ORA, PLA, PLP, PLX, PLY, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

INTERRUPT DISABLE BIT (I) 

The Interrupt disable bit (I) controls the servicing of an interrupt 
request (IRQ). If the I bit is set to a in the Pro cessor Status 
Register of one, or both, of the CPU's, the IRQ signal will be 
serviced by that particul ar C PU. If the bit is set to a 1 for one 
or both of the CPU's, the IRQ signal will be ignored by t hat C PU. 
Each CPU will set its interrupt disabl e bit to a 1 if a RES, an 
IRQ, or its non-maskable interrupt (NMI) signal is detected. 
Interrupting one processor does not affect the other one unless 
it is programmed to respond to the same interrupt. 

The I bit is cleared for each CPU when that CPU executes a 
Clear Interrupt Disable (CLI) instruction and Is set under soft- 
ware control by a Set Interrupt Disable (SEI) instruction. This bit 
is also set by the Break (BRK) instruction. The Return From 
Interrupt (RTI) and Pull Processor Status (PLP) Instructions also 
affect the I bit by setting it to the value which was stored on the 
stack. 



DECIMAL MODE BIT (D) 

The decimal mode bit (D) controls the arithmetic mode of its 
CPU. When this bit is set to a 1 , the adder operates as a decimal 
adder for the Add with Carry (ADC) and the Subtract With Carry 
(SBC) instructions. These instructions, in the decimal mode, 
require one additional CPU cycle time compared with binary 
mode or the decimal mode in the conventional R6500. (In the 
conventional R6500, the decimal and binary arithmetic opera- 
tions are the same speed.) When the bit is a 0, the arithmetic 
is performed in straight binary. The decimal mode is controlled 
only by the. programmer for each of the CPU's. The Set Decimal 
Mode (BED) instrgction causes decimal arithmetic to be per- 
formed and the Clear Decimal Mode (CLD) Instruction causes 
binary arithmetic to be performed by that CPU. The PLP and 
RTI instructions also affect the decimal mode bit. 

The D bit for each CPU is automatically set to the z ero state 
(binary mode) when the R65C00/21 is reset by RES. 

BREAK BIT (B) 

The break bit (B) determines the type of condition which caused 
the IRQ service routine to be entered. If the IRQ service routine 
was entered because a BRK instruction was executed by its 
CPU, the B bit is se t to a t. If the service routine was entered 
because of an IRQ signal being generated, the B fd set to a 0. 
There are no instructions which directly set or clear this bit. 

OVERFLOW BIT (V) 

The overflow bit (V) indicates that the result of a signed binary 
addition or subtraction operation is a value which cannot be con- 
tained in seven bits (outside the range of -128 to +127). This 
indicator only has meaning when signed arithmetic is per- 
formed. In this case, the arithmetic operations are being per- 
formed on the sign and seven magnitude bits for one byte, or 
the most significant byte of a longer signed number. When the 
ADC or SBC instruction is executed, the overflow bit is set to 
a i if the polarity of the sign bit is changed because. the result 
exceeds +127 or -128 in absolute magnitude. Otherwise, the 
V bit is cleared to a 0. The V bit may be cleared by the pro- 
grammer by executing a Clear Overflow (GLV) instruction in the 
appropriate CPU. 

The overflow bit is also affected by the BIT instruction. The BIT 
instruction samples specific bits in memory or I/O Interrupt 
status words. Most of the I/O devices used in the R6500 family 
and most of the interrupt flags in the R65C00/21 have interrupt 
flags in the upper two bits of the register. The BIT command 
copies these two most significant bits of the addressed word into 
the N and V flags. The V flag is set to the same state ai bit 6 
of the addressed words and the N flag copies bit 7. 

The instructions which affect the \? flag are ADC, BIT, CLV, PLP, 
RTI and SBC. 
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NEGATIVE BIT (N) 

The negative bit (N) indicates that the sign bit (bit 7) in the 
resulting value of a data movement or arithmetic operation is 
a 1. If the value represents a signed number, the most signifi- 
cant bit being a 1 Indicates a negative number. If the sign bit is 
a 0, the result is interpreted as a positive value. The BIT Instruc- 
tion copies the most significant bit of the addressed memory cell 
or I/O register into the N flag bit. 



There are no instructions that set or clear the N bit directly since 
the N bit represents only the status Of a result. The instructions 
which produce a result that affects the state of the N bit are 
AND, ASL. BIT, CMP, CPX, CPY, DEC, DEX. DEY, EOR, INC. 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLF> PLX, PLY, 
ROL, ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 




Processor Status Registers (PSRA and PSRB) 



7 


6 


5 


4 


3 


2 


f-:'.. 





NEC 

(N) 


OVFL 
(V) 


NOT 
USED 


BRK 
(B) 


DEC 

(D) 


IRQ 

ENBL 

(1) 


ZERO 

(Z) 


CARRY 
(C) 



Bit 7 
1 



Negative (N^ 

Negative Value 
Positive Value 




Bit 6 
1 



Overflow (0^ 

Overflow Set 
Overflow Clear 




Bits 


Not Used (Don't care value) 




Bit 4 
1 



Brealc Command (By 

Break Command 
Non-break Command 




Bits 
1 



Decimal Mode (D)^ 

Decimal Mode 
Binary Mode 




Bit 2 
1 



interrupt Enable {If 

IRQ Interrupt Disable 
IRQ Interrupt Enable 




Bit1 

1 



Zero(Z)^ 

Zero Result 
Non-Zero Result 




BitO 

1 



Carry(C)i 

Carry Set 
Carry Clear 




Notes: 

1. Not Initialized by RES. 

2. Set logic 1 by RES. 

3. Cleared to logic by RES. 

4. There are two Processor Status Registers, 


one for each CPU 
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INPUT/OUTPUT AND CONTROL/STATUS REGISTERS 



REGISTER ADDRESSES 

Table 2 shows the input/output, control/status and timer/counter 
registers which are addressed on page zero from locations 00 
through 1 D. Some of the registers combine other functions when 
they are read or written. The table lists both the primary and 
secondary types of functions. Table 3 summarizes the register 
formats. 

All control/sta tus re gisters and data direction registers are cleared 
to zero by a RES. Thus, the zero state of each bit defines the 
default operating modes. Each register is associated with a 
functional area in the microcomputer, e.g., parallel input/output, 
timer/counter, bus control, etc. The detail operation of each reg- 
ister is defined in the appropriate sections. 

Thirteen registers are used for input/output functions and nine 
registers used for timer/counter functions. The use of these reg- 
isters is discussed in later sections. 



Seven control/status registers control and monitor the basic 
operation of the R65C00/21. The registers and their primary 
functions are as follows: 

BCR Bus Control Register — defines expansion bus 

. modes 
HCSR Host Control and Status Register— defines host 

bus and interrupts 
ICSR Interrupt Control and Status Register — enables 

and reports interrupt conditions 
CIFR Clear Interrupt Flags Register 
PCR Power Control Register — selects low power 

mode 
TACSR Timer A Control and Status Register — controls 

and monitors Timer A operation 
TBCSR Timer B Control and Status Register — controls 

and monitors Timer B operation 



Table 2. I/O, Control/Status and Timer Registers 



Address 


Read 


Wrrte 


Register Name/Notes 


00 


PA Data 


PA Data 




Port A Data I/O 


01 


PB Data 


PB Data 




Port B Data I/O 


02 


PC Data, O-^IBPS 


PC Data, 1^0BE, O-^RSO^ 




Port C Data I/O 


03 


PC Data, 0-^IBF3 


PC Data, 1-*0BE, l-^RSO^ 




Port C Data I/O 


04 


PD Data! 


PD Data! 




Port D Data I/O 


05 


— 


PE Data^ 




Port E Data Output Only 


06 


PF Data 


PFData 




Port F Data I/O 


07 


PG Data 


— 




Port G Data Input Only 


08 


— 


PA Direction 




Port A Direction 


09 


— 


PB Direction 




Port B Direction 


OA 


— 


PC Direction 




Port C Direction 


OB 


— 


PC Direction 




Port C Direction 


OC 
OD 
OE 
OF 
10 


— 


PD Direction^ 




Port D Direction 


- 


PF Direction 




Port F Direction 


BCR 


BCR 




Bus Control Register 


11 


HCSR 


HCSR 




Host Control and Status Register 


12 


ICSR 


ICSR 




Interrupt Control and Status Register 


13 


— 


CIFR 




Clear Interrupt Flags Register 


14 


— 


IPCIR 




Inter- Processor Communication Interrupt Register 


15 


PCR 


PCR 




Power Control Register 


16 


TACSR 


TACSR 




Timer A Control and Status Register 


1.7 


LCA, UCA-^SLA 


LLA 




Timer A Lower Counter (LCA)/Lower 1 atch (LLA) 


18 


SLA 


ULA 




Timer A Snapshot Latch (SLA)/Upper Latch (ULA) 


19 


SLA, 0-^UFA2 


ULA, ULA-^UCA, 
LLA-~*LCA, 0-^UFA2 




Timer A Snapshot Latch (SLA)/Upper Latch, 
Download and Start Timer 


1A 


TBCSR 


TBCSR 




Timer B Control and Status Register 


IB 


LCB 


LLB 




Timer B Lower Counter (LCB)/Lower Latch (LLB) 


1C 


UCB 


ULB 




Timer B Upper Counter (UCB)/Upper Latch (ULB) 


1D 


UCB, 0^UFB2 


ULB, ULB-^UCB, LL&-*LCB, 


0-^UFB2 


Timer B Upper Counter (UCB)/Upper Latch (ULB), 


IE 
IF 


- 


- 




Download and Start Timer 


Notes: 








1. Addressee 


i externally when in expar 


ided bus mode. 3. 


R65C00/21 to/from Host data transfer bits in HCSR: 


2. Counter/T 


imer underflow flags: 




IBF = Input Buffer Full flag bit 


UFA = T 


mer A Underflow Flag bit 


in TACSR 


OBE = Output Buffer Empty flag bit 


UFB = T 


mer B Underflow Flag bit 


in TBCSR 


RSI = Register Select Input bit 
RSO = Register Select Output bit 






4. 


— = Not used—indeterminate data when read 
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Table 3. 


Control/Status Registers Formats Summary 




Address 
(Hex) 


Bit Number 




7 


6 1 5 


4 


3 2 


1 1 














10 


CPU A 
ACTIVE 


NOT USED 


PAGE 

ONE 

EXT 


PORTA 
NIBBLE 
MODE 


BUS 

EXTENSION 

MODE 


11 


0/P 

BUFF 

FULL 

INT 

FLAG 

(OBF) 


l/P 

BUFF 

FULL 

INT 

FLAG 

(IBF) 


I/O 
REG 
SEL 
. (RSI) 
(RSO) 


NOT 
USED 


l/OA 
INT 
ENBL 


HOST 

INT 

ENBL 


HOST 

BUS 

ENBL 


HOST 

BUS 

TYPE 


I/OB 
INT 
ENBL 


12 


IPCA 

INT 

FLAG 


PF2 
LOW 
INT 
FLAG 


PF1 
NEG 
EDGE 
. INT 
FLAG 


PFO 

POS 

EDGE 

INT 

FLAG 


IPCA 

INT 

ENBL 


PF2A 

INT 

ENBL 


PF1A 

INT 

ENBL 


PFOA 

INT 

ENBL 


IPCB 

INT 

FLAG 


IPCB 

INT 

ENBL 


IPCB 

INT 

ENBL 


PF1B 

INT 

ENBL 


PFOB 

INT 

ENBL 


13 


CLR 
IPCA 
INT 
FLAG 


NOT 
USED 


CLR 

PF1 

NEG 

INT 

FLAG 


CLR 

PFO 

POS 

INT 

FLAG 


NOT USED 


CLR 
IPCB 
INT 
FLAG 


14 


WRITE ONLY REGISTER— NO SPECIFIC BIT (IPCIR) 


15 


NOT USED 


LOW 
PWR 
CPUB 
(LPB) 


LOW 
PWR 
CPU A 
(LPA) 


16 


TMRA 
UNFL 
FLAG 
(UFA) 


PF3 

LEVEL 

IND 


NOT 
USED 


TMRA 

INT 

ENBL 


TMRA 
CLK 
PRESC 
SEL 


TIMER A 
MODE 
SELECT 


1A 


TMRB 
UNFL 
FLAG 
(UFB) 


PF4 

LEVEL 

IND 


NOT 
USED 


TMRB 

INT 

ENBL 


NOT USED 


TIMER B 
MODE 
SELECT 


Note: All control and status registers are Cleared to zero by RES | 



BUS 

CONTROL 
REGISTER 
(BCR) 

HOST 

CONTROL AND 
STATUS 
REGISTER 
(HCSR) 



INTERRUPT 
CONTROL AND 
STATUS 
REGISTER 
(ICSR) 



CLEAR 

INTERRUPT 

FLAGS 

REGISTER 

(CIFR) 



INTER- 
PROCESSOR 
COMMUNICATION 
INTERRUPT 
REGISTER (IPCIR) 

POWER 
CONTROL 
REGISTER 
(PCR) 

TIMER A 
CONTROL AND 
STATUS 
REGISTER 
(TACSR) 

TIMER B 
CONTROL AND 
STATUS 
REGISTER 
(TBCSR) 




INTERRUPT CONTROL AND STATUS 

Unlike other R6500 family devices, the R65C00/21 does not 
concentrate the interrupt flags Into a single register. The 
R65C00/21, in general, places the interrupt flags in registers 
which also have to do with the control of the particular function 
which can cause the interrupt. 

Interrupt enable control is located in the following registers: 

HCSR Host Control and Status Register 
ICSR Interrupt Control and Status Register 



TACSR Timer A Control and Status Register 
TBCSR Timer B Control and Status Register 

Portions of each of these registers relating to interrupt enables 
are duplicated for each of the two CPU's. However, only one 
memory address has been allocated so that each CPU uses the 
same address to select its own interrupt enables. The specific 
details of the usage of the interrupt control bits are discussed 
in the corresponding functional area. 
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CLOCK CIRCUITS 



CLOCK OSCILLATOR 

The internal clock oscillator generates the system clock (02) 
which clocks all R65C00/21 operations. The system clock fre- 
quency ranges from 10 KHz to 4 MHz (the upper limit deter- 
mined by the R65C00/21 part number) which is one-half the 
external crystal (or master clock) frequency. Each CPU in turn 
operates at one-half the system clock frequency (alternate 
cycles). All operations to memory or I/O take place at the system 
clock frequency. Since each CPU shares the common segments 
of the system on alternate system clock cycles, all Internal 
operations occur at the system clock rate but, for CPU timing 
purposes, a CPU cycle rate of half the system rate is used. Thus 
with a 4 MHz crystal frequency, the system clock rate is 2 MHz 
and each CPU operates at an effective 1 MHz rate. Every two 
system clock periods sees one cycle devoted to CPU A and one 
cycle devoted to CPU B. 

The 02 clock is normally routed externally to clock external 
memory operations in the extended bus mode. A mask option 
allows the 02 clock to be configured as an input so the 
R65C00/21 can operate in a slaved clock mode. In this case, 
the crystal input (XTALI) is grounded and crystal output (XTALO) 
is left open as shown In Figure 5. 

LOW POWER OPERATION 

The divide-by-1 28 clock prescaler operates in one of three ways 
(see Figure 6). One Is the prescaler switched completely out 
which gives a system clock rate (IZfe) at one-half of the crystal 
frequency. Another way is to select the low power operation for 
both CPUs which switches in the clock prescaler. The clock 
prescaler divides the system clock frequency by 128 to generate 
the prescaled system clock rate (02PS). This reduces the device 
power requirements and also rfeduces the counting rate of both 
counter/timers by a factor of 128. The third operating mode for 
the prescaler Is to use it for prescaling Timer A only. This mode is 
discussed under the Counter/Timer Operation. 



POWER CONTROL REGISTER (PCR) 

Two bits in the Power Control Register (PCR) determine oper- 
ation of the clock prescaler. Each CPU can set its own power 
control bit and read both of them. When both power control bits 
are a 1 , the system switches to the low power operation at a 
clock rate of 02/128 (0'2PS). The system reverts to normal 
power and speed when either power control bit is a or when 
an enabled interrupt occurs. In the latter case, the system con- 
tinues to operate at the low rate until the current instruction is 
completed, then it switches to the normal rate. The Power Con- 
trol Register is shown In Figure 7. 

NOTE 

An enabled interrupt automatically clears the PCR bit for 
the affected CPU. It must be set again by software to 
resume low power mode. 



Power Control Register (PCR) 



7 


6 


5 


4 


3 


2 


.,.,j.. 















LOW 


LOW 












PWR 


PWR 






NOT USED 






GPU B 
(LPB) 


CPU A 
(LPA) 



Bits 7-2 Not Used (Don't care) 

Bit1 Low Power Mode Select for CPU B (LPB) 

1 Low power mode requested by CPU B 

Normal power mode requested by CPU B 

BitO Low Power Mode Select for CPU A (LPA) 

1 Low power mode requested by CPU A 

Normal power mode requested by CPU A 

Notes: 

1. Both CPU's can read both bits. 

2. Each CPU can only write Its power control bit. 

3. Both bits must be set to enable low power mode. 
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XTLI 






XTLO 



MASTER 
MICROCOMPUTER 



OUTPUT CLOCK 



INPUT CLOCK 



I 



+ 



fi2 



>■ 



I .«! 



02 



SLAVE 
MICROCOMPUTER 



XTALO 



XTALI 



INVERTER USED WHEN SLAVE 
IS TO OPERATE OUT OF PHASE 
WITH MASTER 



Figure 5. Master/Slave Cock Connection 



1/2 CRYSTAL/MASTER CLOCK 



® 









-- 














PRESCALER 
(^ 128) 




LOW FREQ 
SELECTION 




CLK 
GEN 


SYSTEM CLOCK 








(jBr2ORj02PS) 




















POWER 

CONTROL 

REGISTER 







Notes: 

1 . Crystal or Master clock frequency is divided by two internally. 

2. System clock is 02 or jel2PS (02 ^ 128) if low frequency operat ion for botli CPU's is selected in the Power Control Register. 

3. \/Vhen a device is strapped for slave clock mode, the input 02 by-passes the prescaler (i.e., PCR bits will have no affect on the internal 02 clock 
rate of the slave processor. i 



Figure 6. System Clock Operation 
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PARALLEL INPUT/OUTPUT PORTS 



The R65C00/21 parallel input/output interface consists of five 
8-bit, bid irection Input/output ports, one 8-bit output only port, 
and one 4-bit input only port. 

BIDIRECTIONAL PORTS A, B, C, D AND F 

The five 8-blt bidirectional ports (Ports A, B, C, D and F) each 
have an associated data direction register which configures 
individual data ports for either input or output. Port E is output 
only and port G is input only, therefore, no data direction reg- 
isters are required for these two ports, 

OUTPUT MODE 

If the data direction register for a particular bit position In a 
bidirectional port is a 1 , that bit is defined as an output pin. The 
information written into each bit position of the data word is 
loaded into a latch. The information will remain in that latch until 
new data is transmitted to the data word or the power is shut 
off. The output latches are individually connected to output 
drivers for each bit position for which a corresponding bit in the 
data direction register is a 1. The output drivers are double- 
ended, push-pull type. The drivers force the output pins high 
(5=2.4V) if the output data bit is a 1 , or low (^0.4V) if the output 
data bit is a 0. The output drivers are TTL compatible. 

INPUT MODE 

If the data direction register for a particular bit position in a 
bidirectional port is 0, that bit position is defined as an input pin. 
When the input/output port is read via an LDA, LDX, LDY, ADC, 
SBC, ORA, AND, EOR, or a BIT instruction, all of the information 
on that port's pins are read into the corresponding register and 
processed as directed by the instruction. Since the input signal 
lines are at a "float" state, the logic level on them will be read 
as either a 1 or a for that pin position. A low (>0.8V) input 
causes a logic to be read and a high (>2.0V) input causes a 
logic 1 to be read. The output values can also be read (if the 
direction bit = 1) since the outputs are also on the pins. The input 
receivers are TTL compatible, are not latched, and are sampled 
near the end of each clock cycle 02 and gated onto the internal 
bus when selected. 

PORT A NIBBLE ADDRESSING 

Whenever a port is shared as an output, care must be exercised 
that one CPU does not destroy the other CPU's output data-in 
general, this can be avoided by allocating complete output ports 
to each CPU so that there is ho possibility of conflict. However, 
there may be some situations where at least one port must be 
shared for outputs to get the proper mix for the required appli- 
cation. Port A is slightly different from the other bidirectional 
ports to allow port A to be safely shared as an output port by 
both CPU's. 

Port A is divided into two 4-bit "nibble ports". Each half (nibble) 
of Port A may be independently addressed by each CPU as 
defined by two bits in the Bus Control Register (BCR2 and 
BCR3) as described in Bus Extension and Host Interface sec- 
tion. Depending upon the control bits, either CPU may be 



assigned to write to both halves, write to neither half (only 
read— the other CPU writes to the whole register), write to top 
half, or write to fc)ottom half. When a mode has been selected 
for writing to only one-half of the port, the other half is unaffected. 

ALTERNATIVE MODES OF OPERATION 

Bidirectional Ports C, D, and F all have alternative modes of 
operation which may be selected in lieu of the bidirectional port 
capabilities. 

Port C is a data bus for a host computer when the R65C00/21 
is being used as a programmable peripheral device. This is dis- 
cussed in more detail under Bus Extension and Host Interface. 

Port D is a multiplexed data bus (DO through D7) and address 
bus (AO through A7) when the R65C00/21 is used as a micro- 
computer with external memory and I/O devices. This is also 
detailed under Bus Extension and Host Interjace. 

Port F also has the capability of operating in conjunction with 
other segments of the R65C00/21 architecture as described 
below. 

PORT F CONTROL AND STATUS 

The Interrupt Control and Status Register (ICSR) and the Clear 
Interrupt Flags Register (CIFR) control and monitor the opera- 
tion of the Port F external interrupts (bits 2, 1 , 0) as well as inter- 
processor communication interrupts. 

When the PFO edge-sensitive circuit detects a positive transi- 
t ion, bit 4 of the ICSR is set to a 1. An internal interrupt request 
(IRQ) is generated to a CPU whenever this bit is set and the 
corresponding PFO Interrupt Enable Flag (ICSR bit 0) is set to 
a 1 for that CPU. Similarly, a negative going transition on PF1 
sets the edge detect flag in ICR bit 5. ICSR bit 1 is the corre- 
sponding PF1 Interrupt Enable bit. As in all cases of the interrupt 
enable bits, each CPU has its own set, addressed at the same 
location, but held separately. 

Port F signal PF2 has an external interrupt request (IRQ) capa- 
bility. When this signal goes low, bit 6 of the Interrupt Control 
and Status Register is set and rehiains set as long as the signal 
is low. If the corresponding PF2 Interrupt Enable bit (bit 2) in its 
segnient of the Interrupt Control and Status Register is a 1 while 
the PF2 Low Interrupt bit (bit 6) is a 1, an interrupt request is 
generated. 

Each CPU may thus control the external interrupt independently 
of the internal interrupts. If the I flag in the Processor Status 
Register of a particular CPU is a 1, no IRQ's will be honored. 
If the I flag is a and that CPU's interrupt enable in bit 2 of the 
Interrupt Control and Status Register is a 0, only i ntern al inter- 
rupts will interrupt that CPU. If bit 2 is a 1 , any IRQ will be 
honored. 

The Port F signals PF3 and PF4 can be used as external inter- 
faces for Counter/Timers A and B, respectively (refer to the 
Counter/Timers description). Finally, PF7 can be used as an 
active-low interrupt to a host processor. The operation of the 
R65C00/21 with a host processor is discussed under Bus Exten- 
sion mode. 
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The Inter- Processor Communication Interrupt (IPCA and IPCB) 
bit in the iCSR allows each CPU to interrupt the other CF*U if 
all of the other normal IRQ conditions are correct. CPU A sets 
the IPCB Interrupt Flag in CPU B's Interrupt Control and Status 
Register and CPU B sets the IPCA Interrupt Flag in CPU A by 
any write to location 0014, the Inter- Processor communications 
Interrupt Register. This is not an actual register, but writing any 
value here sets the other CPU IPCI flag. This inter-processor 
communications is illustrated in Figure 7. 

Interrupt Control And Status Register (ICSR) 
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Bit 7 Inter-Processor Communication (IPC) Interrupt Flag 
(AorB) 

1 An inter-processor interrupt is requested by the other 

CPU 

No internal interrupt is requested 

Bite PF2 Low Interrupt Flag (A and B) 

1 PF2 is low 

PF2 is high 

Bits PF1 Negative Edge Detect Interrupt Flag 

1 A positive-to-negative transition on PF1 occurred 

No positive-to-negative transition on PF1 occurred 

Bit 4 PFO Positive Edge Detect Interrupt Flag 

1 A positive-to-negatlve transition on PFO occurred 

No positive-to-negative transition on PFO occurred 

Bits Inter-Processor Communication interrupt Enable 
(A or B) 

1 Enables inter-processor communication interrupt (bit 7) 

Disables inter-processor communication interrupt (bit 7) 

Bit 2 PF2 Interrupt Enable (A or B) 

1 Enables PF2 interrupt (bit 6) 

Disables PF2 interrupt (bit 6) 

Bin PF1 Interrupt Enable (A or B) 

1 Enables PF1 interrupt (bit 5) 

Disables PF1 Interrupt (bit 5) 

BitO PFO Interrupt Enable (A or B) 

1 Enables PFO interrupt (bit 4) 
Disables PFO interrupt (bit 4) 
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CLEAR INTERRUPT FLAGS REGISTER (CiFR) 

The Clear Interrupt Flags Register (CIFR) is similar to the ICSR 
in that only one address is used but the bit pattern operates only 
on the status bits for its own processor. Thus only CPU A may 
clear IPCA but either may clear the edge detection flag bits. Bit 
6 will only be cleared when the signal on PF2 goes high. 
Actually, the Clear Interrupt Flags f=legister is not a register at 
all, but addressing a bit pattern to this location performs the 
function. Any bit to which a zero is written will clear the corre- 
sponding Interrupt flag. A read of this word returns logic one's 
so that the new Reset Memory Bit instructions may be used to 
clear these flags. 

Clear Interrupt Flags Register (CIFR) 
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Figure 7. Inter Processor Communication 



Bit 7 Clear Inter-Processing Communication Interrupt Flag 

1 Has no effect on the IPC Flag 

Clears the IPC Interrupt Flag (specific CPU, A or B) 

Bite Not Used 

Bits Clear PF1 Interrupt Flag 

1 Has no effect on the PF1 Interrupt Flag 

Clears the PF1 Interrupt Flag (either CPU) 

Bit 4 Clear PFO Interrupt Flag 

1 Has no effect on the PFO Interrupt Flag 

Clears the PFO Interrupt Flag (either CPU) 

Bit 3-0 Not Used 



OUTPUT ONLY PORT E 

The output characteristics of Port E are identical to that of the 
bidirectional ports. The main difference Is that there is no data 
direction register and also no capability of reading the infor- 
mation being output. Attempting to read Port E loads indeter- 
minate data onto the internal bus. 



Port E is a dual function port which, in addition to being an 
output port, can also serve as address bits A15 through AS 
when the R65C00/21 is addressing external memory and I/O 
devices. This is discussed in more detail under Bus Extension 
and Host Interface. 



INPUT ONLY PORT G 

The input characteristics of the 4-bit Port G are the same as a 
bidirectional port in an input mode. The difference is that only 
four bits are input into the least significant bits of the data reg- 
ister and the most significant bits are loaded as zeros. 
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COUNTER/TIMERS 



There are two separate 16-bit counter/timer systems in the 
R65C00/21 : Counter/Timer A and Counter/Timer B. The block 
diagram of the counter/timers (also referred to as the timers, the 
counters, Timer A, or Timer B) is shown In Figure 8. Timer A 
has eight operating modes and five registers while Timer B has 
four Operating modes and four registers. Both counter/timers 
have a 16-bit counter comprised of two 8-bit segments: Lower 



Counter (LCA and LCB, where A and B refer to Counter/Timer 
A and B) and Upper Counter (UCA and UCB). Both counter/ 
timers also have a 16-bJt latch section consisting of two 8-blt 
segments: Lower Latch (LLA and LLB) and Upper Latch (ULA 
and ULB). In addition, only Timer A has an 8-bit Snapshot Latch 
(SLA) register. 
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Figure 8. Counter/Timer Block Diagram 
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Data are written to the latches which act as holding registers for 
loading or reloading the initial counter/timer values upon mode 
initiation or counter/timer restart. 

Both timers count down from the pre-set latch value and set an 
appropriate underflow flag when the counter counts through 
zero. The counter actually never counts below zero. At the time 
the counter would go negative, the contents of the latches 
replace the count value with no time delay. 

Each counter/timer has three addresses for accessing the five 
(Counter/Tinner A) or four (Counter/Timer B) 8-bit registers in 
its system. Consequently, the R/W line also aids in addressing 
the registers. Reading Of" writing to specific registers may also 
have other effects such as clearing an interrupt flag or trans- 
ferring latch data to the counter. Consult the input/output and 
control register memory map in Table 2 for the effects of reading 
or writing to specific registers in the two counter/timer systems. 

Each counter/timer has operating modes which are clocked 
either at the system clock rate (02) or an external event clock 
rate. In addition, Timer A can operate with a prescaled 02l^28 
clock rate. 

COUNTER/TIMER A (TA) 

Counter/Timer A, with its four additional modes and Snapshot 
Latch, is generally more flexible than Counter/Timer B. 

The Snapshot Latch (SLA) solves a problem which sometimes 
occurs when a timer is read. The problem is that between the 
time when the low byte of the 16-bit counter is read and the time 
when the high byte is read it is possible for the high byte to have 
bfeen decremented. The resulting 16-bit value would, in this 
case be incorrect. In many modes of timer, the values are not 
actually read but the zero count transition is important. These 
types of applications do not require the use of the Snapshot 
Latch register. If the timer count value is to be used directly from 
a riinning timer, however, the Timer A Snapshot Latch should 
be used. ' 

Timer A overcomes the problem stated above by sampling the 
value of the upper counter byte into the Snapshot Latch every 
time the lower counter byte is read. The value of the Upper Coun- 
ter can be obtained by first reading the Lower Counter at address 
0017, then reading the Snapshot Latch at address 001 8 or 001 9. 
Note that reading address 0019 also resets the Timer A Under- 
flow (UFA) flag. 

A second architectural difference between the two timers is that 
Timer A can have its clock input scaled down by a factor of 128 
during normal power operation, This allbws Timer A to measure 
longer periods of time internally while the microcomputer in 
Operating at the 02 system clock rate. With a 4 MHz system 
dock, more than two second time intervals (up to 2.097 sec- 
onds) can be measured directly without any software interven- 
tion. Without the prescaler, 16.384 ms is the longest time interval 
at 4 MHz. 



Timer A Mode Control 

The operation of Timer A is controlled and monitored by the 
Timer A Control and Status Register (TACRS). 

Bits 0-2 select the Timer A mode of operation. 

Bit 3, when set to a 1 , causes the clock prescaler to be switched 
into the circuit so that the timer may count longer intervals in 
modes whteh allow it. 

Timer A Interrupt Enable, TACS R bit 4, if set to a 1 by a CPU, 
enables generation of an internal IRQ to that CPU when the UFA 
flag is set. 

Bit 6 copies bit 3 of Port F (PF3) as this bit has several different 
uses with Timer A. However, when Timer A is not using this bit 
it may be used as any other input or output bit. In any event, bit 
3 of the Port F Data Direction Register must be set appropri- 
ately, for either input or output, whether or not it is used with 
Timer A. 

Bit 7 is the UFA bit which indicates that Timer A has counted 
down through zero. This may b e detected by reading the bit or 
may be used to cause an IRQ interrupt if bit 4 of the TACSR is 
set to a 1 . The UFA flag is reset to a by reading SLA or writing 
ULA at address 0019. 

Timer A Control And Status Register (TACSR) 




7 


6 


5 


4 


3 


2 


1 





TMRA 
UNFL 
FLAG 
(UFA) 


PF3 

LEVEL 

IND 


NOT 
USED 


TMRA 

INT 

ENBL 


TMRA 
CLK 
PRESC 
SEL 


TIMER A 

MODE 

SELECT 



Bit 7 
1 





Timer A Underflow Flag (UFA) 

Underflow condition occurred 
No underflow 
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Port F Bit 3 (PF3) Level 

PF3High 
PF3L0W 


Bits 




Not Used (Don't care) 


Bit 4 
1 





Timer A Interrupt Enable 

Enable Timer A Interrupt 
Disable Timer A Interrupt 


Bit 3 
1 





Timer A Clock Prescaier Enable'' 

Enable Clock Prescaler (02/128) 
Disable Clock Prescaler (02) 


Bits 2 to 6 
2 ID 

1 
1 

1 1 

1 

I 1 

II 
1 1 1 

Note: 


Timer A Mode Select (TAMS) 

Timer A Off 

Free-Run Event Counter Mode^ 
Free-Run Pulse Width Measurement Mode 
Retriggerable One-Shot Timer Mode^ 
One-Shot Interval Timer Mode 
Free-Run Interval Timer Mode 
One-Shot Pulse Generation Mode 
Free-Run Pulse Generation Mode 



1. Prescaler must be disabled (bit 3=0) for Free-Run Event Counter 
Mode, Free-Run Pulse Width Measurement Mode, and Retrigger- 
able One-Shot Timer Mode. These three modes do not allow 
prescaling. 
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Timer A Operating Modes 

The Timer A mode of operation is selected by setting bits 0-2 
of the Timer A Control and Status Register (TACSR) to the 
appropriate code. 

Timer A Off, Mode 

Timer A is turned off in this mode. The Timer A Underflow Flag 
(UFA) stays at Its current state. The counter holds its current 
value and may be read. Writing to the registers performs the 
usual functions associated with that address but the counter 
remains stopped. This is the default condition. 

Timer A Free-Run Event Counter, Mode 1 

The Timer A Upper Counter (UCA) and Lower Counter (LCA) 
is loaded with the Timer A Upper Latch (ULA) and Lower Latch 
(LLA) value when the data is written to the Timer A Upper Latch 
at address 0019. Timer A then decrements by 1 at each neg- 
ative transition of the signal on input Port PF3. (The Port F data 
direction register must have a In bit 3.) The Timer A Underflow 
Flag (UFA) is ^et to 1 when the counter decrements below zero. 
At this same time, the latch value is reloaded into UCA and LCA. 
The maximum rate of the signal on PF3 which may be detected 
is one-half of the je(2 system clock rate. 

Timer A Free-Run Pulse Width Measurement, 
Mode 2 

Writing to ULA at 001 9 transfers the 16-bit latch to the counter 
which operates as a timer in this mode. The initial value in the 
timer is decremented at the 02 rate when the PF3 signal is low. 
Otherwise, the counter holds Its value. Counting stops when the 
PF3 signal goes high and will resume if the signal goes low 
again. If the counter counts below zero, the counter initial value 
is reloaded from the latches and the UFA flag is set. 

Timer A One-Shot Retriggerable Timer, Mode 3 

This mode is similar to Mode 4 except that the timer restarts 
each time PF3 goes through a high-to-low transition and counts 
down until the counter goes through zero. A second difference 
is that the clock prescaler may not be used with this mode. The 
data direction register bit 3 (PF3);must be zero to select input. 



Timer A One-Shot Interval Timer, Mode 4 

Writing to ULA at 001 9 transfers the initial value from the latches 
and starts the timer. The timer counts at either the 02, or scaled 
02 (02/128), rate. When the counter counts through zero, the 
latch value is transferred to the counter, the UFA flag is set and 
the counter stops counting. 

Timer A Free-Run Interval Timer, Mode 5 

Writing ULA at 0019 transfers the 16-bit latch value to the timer 
and starts it running. The counter counts down at either the 02, 
or the scaled 02 (02/1 28), rate. When the counter counts through 
zero the UFA flag is set, the value in the latches is transferred 
to the counter, and the counter continues to count down. 



Timer A One-Shot Pulse Generation, Mode 6 

The PF3 data direction register bit must be set to a 1 before 
starting this mode to initially force a high output. Writing ULA 
at 0019 starts the timer and clears the PF3 data output bit to 
a causing a low output. The PF3 output remains low until the 
timer counts through zero. At this time, the PF3 output goes high 
until the mode is restarted or a new mode is selected. The UFA 
flag Is also set at this time and the counter is stopped. The timer 
counts at either the 02, or the scaled 02 (02/128), rate. 

Timer A Free-Run Pulse Generation, Mode 7 

The data direction register for PF3 must be set to a 1 to select 
the PF3 output before starting this mode. Writing to ULA at 
001 9 sets PF3 to forcing a low output and starts the timer. 
Each time the timer counts through zero, the PF3 output changes 
state to generate a square wave at a rate dependent upon the 
latch value. The timer counts at either 02, or the scaled 02 (02/ 
128), rate. Each time the counter counts through zero, the latch 
contents are automatically transferred to the timer registers and 
the UFA flag is set. 



COUNTER/TIMER B (TB) 

Timer B is a simpler timer than Timer A but it still retains great 
flexibility. Unlike Timer A, there is no "off" mode (the default 
mode is the Free-Run Interval Timer Mode) and there is no sep- 
arate selectable clock prescaler. All counting (except for counting 
external events) is done either at the 02 clock rate or -02/1 28 
rate (when low power mode is selected). Another difference is 
that Timer B does not have the snapshot latch register for 
freezing the upper timer byte for reading. However, in its normal 
modes the counter counts through zero to set the Underflow 
Flag B (UFB) so that a snapshot latch register is not required. 



Timer B Mode Control 

The operation of Timer B is controlled and monitored by the 
Timer B Control and Status Register (TBCSR). 

Bits 0-1 select the Timer B operating mode. 

Timer B Interrupt Enable, bit 4, when set to a 1 by a CPU, 
enables generation pf an internal interrupt request (IRQ) to that 
CPU when the UFB flag is set. 

Bit 6 of the TBCSR copies bit 4 of Port F (PF4) as this bit has 
several different uses with Timer B. However, when Timer B is 
not using this bit it may be used as any other input or output bit. 
In ^ny event, bit 4 of the Port F Data Direction Register must 
be set appropriately for either input or output whether or not it 
is used with Timer B. 

Bit 7 in the TBCSR is the UFB bit which indicates that Timer B 
has counted down through zero. This may be detected by 
reading the bit or may be used to cause an IRQ interrupt if bit 
4 of the TBCSR is set to a 1. The UFB bit is reset by either 
reading UCB or writing to ULB at address 001 D. 
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Tinrier B Control and Status Register (TBCSR) 
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1 PF4High 
PF4L0W 



Bits 



ii 


t4 

1 







Bits 3-2 


Bits 1-0 


1 










1 


1 





1 


1 



Not Used (Don't care) 

Timer B Interrupt Enable 

Enable Timer B interrupt 
Disable Timer B Interrupt 
Not Used (Don't care) 

Timer B Mode Select (TMS) 



Free-Run Interval Timer Mode 
Free-Run Pulse Generator Mode 
Event Counter Mode 
Pulse Width Measurement Mode 



Timer B Operating Modes 

The Timer B operating mode is selected by setting bits and 
1 in the TBCSR to the appropriate code. 

Timer B Free-Run Interval Timer, IVIode 

Writing to Timer B Upper Latch (ULB) at 001 D transfers the 
16-bit latch value to the timer and starts it running. The counter 
counts down at the 02 rate. Wheh the counter counts through 



zero, the Timer B Underflow Flag (UFB) is set to a 1, the value 
in the latches is transferred to the counter and the counter con- 
tinues to count down. 

Timer B Free^Run Pulse Generation, Mode 1 

The data direction register for PF4 must be set to a 1 to select 
PF4 output before starting this mode. Writing to ULB at 0010 
sets PF4 to to force the PF4 output low and starts the timer. 
Each time the timer counts through zero, the PF4 output phanges 
state to generate a square wave at a rate dependent upon the 
initial value loaded into the latches. The timer counts at the 02 
rate. Each time the counter counts through zero, the latch values 
are automatically transferred to the timer registers and the UFB 
flag is set to a 1. 

Timer B Event Counter, Mode 2 

The data direction register bit for PF4 must be set to a to select 
PF4 input prior to selecting this mode. The counter is loaded 
with the latch value when the ULB data is written to address 
001 D. Timer B then decrements by 1 at each negative transition 
on input Port PF4. The Timer B Underflow Flag (UFB) is set to 
a 1 , when Counter B counts through zero. At this same time, 
the latch value is reloaded into Timer B. The maximum rate of 
the signal on PF4 which may be detected is one-half of the ^2 
clock rate. 

Timer B Pulse Width Measurement, Mode 3 

Writing to ULB at 001 D transfers the 16-bit latch value to the 
counter. The initial value in the timer is decremented at the 02 
rate when the PF4 signal is low. Each time the PF4 signal goes 
high, the counter stops and then continues when the signal is 
low again. If the counter counts through zero, the UFB flag is 
set to 1 and the latch value transfers to reinitialize the counter 
and the countdown continues as long as PF4 is low. 
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BUS EXTENSION 



In addition to Its application as a single-chip microcomputer, the 
bus extension mode allows the R65C00/21 to operate as a micro- 
processor with external memory and I/O. 

BUS EXTENSION MODE 

When the R65C00/21 is used as a single-chip microcomputer, 
all of the output ports may be used as Input or output ports. 
However, to use the R65C00/21 with external ROM, RAM, or 
I/O, a number of the ports act as extensions of the Internal 
address and data buses. Specifically, Port D becomes dedi- 
cated as a multiplexed 8-bit data and address bus. Port D pro- 
vides both the data bus (DO through D7) and the low bits of the 
address (AO through A7) on pins PDO through PD7. When a bus 
extension mode is selected, the Port D Data Direction Register 
must be cleared to zero (its default condition) to configure Port 
D as all inputs. The R65C00/21 then controls Port D as an 
extension of the internal bus struc ture and provides an active- 
low External Memory Select (EM S) stro be signal at the time the 
address bits are available. The EMS signal is present even 
when Port D is being used as a normal input/output register. 

The R65C00/21 has the option of using 8-, 12- or 16-blt address 
bus extensions. Selection of the bus extension mode is con- 
trolled by bits and 1 of the Bus Control Register (BCR). When 
the 8-bit mode is selected, only the Port D multiplexed address/ 
data bus function is required. However, if either the 12- or 16- 
bit address bus extension is selected, either one half or all of 
output Port E also becomes dedicated to the bus extension 
function. If a 1 6-bit bus extension is selected, then all of Port E 
becomes the upper address bits A8 through A15 on pins PEO 
through PE7, respectively. If the 12-bit bus extension is selected, 
then the address lines AS through All appear on PEO through 
PE3. In this case, PE4 through PE7 have their usual output 
function. 

Since Port D is multiplexed, it is necessary that external latches 
be supplied to hold the lower eight bits of the address bus. The 
EMS output is low when the address is being supplied from Port 
D. All of the other necessary control bus signals are also pro- 
vided; these include 02 and R/W. The SYNC and 0A signals are 
also brought out for use by development systems and bus ana- 
lyzers for system debugging. 

In a one-chip configuration, the 128 bytes of internal page one 
RAM (address 0180 through 01 FF), is logically combined with 
page (0080-OOFF). However, when an extended bus is used, 
the stack page may be addressed in its normal range in external 
memory (0100-01 FF). When bit 4 of the Bus Control Register 
is a 0, page one is internal and shared with page zero; when It 
is a i , page one is external allowing full 256 bytes available to 
the two stacks. 



Figure 9 is an overall block diagram of a system using the 
R65C00/21 in the bus extension mode. 

The CPU A Active signal (bit 7 of the BCR) is high when CPU 
A is controlling the system bus, and low when CPU B is active. 
This bit copies the state of the 0A output signal. Consequently, 
the bit may be sampled in common subroutines to determine 
the calling CPU, or for bank selection purposes. Thus, CPU A 
and CPU B may have some external memory or I/O dedicated 
to their exclusive use. Each may separately address as much 
as 59.5K bytes of external memory map, or external memory 
may be shared. 

Bus Control Register (BCR) 
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*Either CPU may read the full port at any time. 
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Figure 9. Bus Extension Mode Block Diagram 
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PROGRAMMABLE PERIPHERAL 
TO A HOST MODE 

An overall block diagram of a system using an R65CO0/21 as 
an intelligent controller is shown in Figure 1 0. 

In this configuration, three of the R65C00/21 input/output ports 
have special significance. Port C becomes the interface with the 
host data bus (Port C's Data Direction Register must specify as 
the input; i.e., a ll zeros). Pin PF7 becomes an active-low Host 
Interrupt (HINT) line, and the 4-bit input Port G becomes the 
control pins interface to the Host computer. 

The R65C00/21 is configured to operate as a peripheral for 
either the R6500 or 6800 families, or the Z80 or 8080 families. 
When operating in the 6500/6800 mode, PGO is an input for the 
host 02 (H02) and PG1 is the input for the host R/W (HRW) 
control lines. 

Whe n op erating in the Z80/8080 mode, PGO ac cepts the host 
RD (HRD) control and PG1 provides the host WR (HWR) control. 

In both cases, PG2 serves as a register select (HRS) and PG3 
acts as an active-low chip select ( CS) fro m the host. HRS is 
used in conjunction with the CS and HWR to control reading or 
writing of data or status information as shown in Table 4. 

Control of the host mode options is provided by the Host Control 
and Status Register (HCSR). 

When the host writes a byte into the Input Buffer (Port C), the 
Input Buffer Full (IBF) flag is set to a 1. Similarly, when a byte 
is read from the Output Buffer (Port C) by the host, the Output 
Buffer Full (OBF) flag is cleared to a 0. Setting bit 3 of the HCSR 
enables generation of an internal interrupt request (IRQ) when 
either the IBF flag is a 1 or the OBF flag is a 0. This logic is 
duplicated for both CPU's. 

Setting bit 2 of the HCSR to a 1 enables generation of any 
interrupt signal to the host computer. In this csise, bit 7 of Port 
F is pulled low by either a write to Port C (Output Buffer) or a 
read from Port C (Input Buffer), by either of the R65C00/21 
CPU's. 

Bit 5 of the HCSR is actually two different bits representing Reg- 
ister Select Input (RSI) and Register Select Output (RSO). The 
R65C00/21 writes bit RSO and reads bit RSI, while the host 
writes RSI and reads RSO. The R65C00/21 writes a to this 
bit when Port C is addressed at 0002 and a 1 when Port C is 
addressed at 0003. When the host writes to the R65C00/21 
through Port C, the level of the HRS input is copied into the RSI 
bit. This bit allows the communications between the host system 
and the R65C00/21 to flag the type of data being transferred 
so that command information may be distinguished from data. 





Table 4. Register Select Control 


CS 


HRS 


HRW 


Hflf2 


Host Function 


(PG3) 


(PG2) 


(PG1) 


(PGO) 


(6500/6800 Mode) 


H 


^ 


_ 




Host Interface Deselected 


L 


L 


L 


H 


Write Input Buffer, 
HCSR5 RSI cleared, set IBF 


L 


L 


H 


H 


Read Output Buffer, Clear OBF 


L 


H 


L 


H 


Write Input Buffer, 
HCSR5 RS1 set, set IBF 


L 


H 


H 


H 


Read upper 3 bits of HCSR; 
OBF, IBF & RSO 












CS 


HRS 


HWR 


HRD 


Host Function 


(PG3) 


(PG2) 


(PG1) 


(PGO) 


(8080/Z80 Mode) 


H 


— 


— 


— 


Deselected 


L 


L 


L 


H 


Write Input Buffer, 
HCSR5 RSI cleared, set IBF 


L 


L 


H 


L 


Read Output Buffer, Clear OBF 


L 


H 


L 


H 


' Write Input Buffer, 

HCSR5 RS1 set, set IBF 


L 


H 


H 


L 


Read upper 3 bits of HCSR; 
OBF, IBF & RSO 





Host Control and Status Register (HCSR) 




7 


6 


5 


4 


3 


, ■sr,:; 


1 





0/P 

BUFF 

FULL 

INT 

FLAG 

(OBE) 


I/O 

BUFF 

FULL 

INT 

FLAG 

(IBF) 


I/O 

REG 

SEL 

(RSI) 

(RSO) 


NOT 
USED 


l/OA 
INT 
ENBL 


HOST 

INT 

ENBL 


HOST 

BUS 

ENBL 


HOST 

BUS 

TYPE 


I/OB 
INT 
ENBL 



Bit 7 Output Buffer Empty (OBE) Flag 

1 Output Buffer Full 

Output Buffer Empty 

Bite Input Buffer Full (IBF) Flag 

1 Input Buffer Full 

Input Buffer Empty 

Bit 5 Register Select 

— Distinguishes commands from data. Host reads 

RSO and R65C00/21 reads RSI. Selection of t or 
to represent commands or data is user defined. 

Bit 4 Not Used. (Don't care) 

Bit 3 Input/Output Buffer interrupt Enable 

1 Enable IRQ IBF =1) 

Disable IRQ 

Bit 2 Host Inter rupt ( HINT) Output Enable 

1 Disable HTnT Output to Host 

Enable hInT Output to Host (OBF = 1) 

Bit 1 Host Bus Enable 

1 Disable Host Bus 

Enable Host Bus 

Bit Host Bus Type 

1 Host Bus is Z80/8080 
Host Bus is 6500/6800 



Note: 

Register is cleared to all zeros by RES. 
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Vdd 

Vss 

RES 

XTALO 

XTALI 

NMlA 
NMiB 

SYNC 
»A 





R65C00/21 

DUAL 

MICROCOMPUTER 

USED 

AS AN 

INTELLIGENT 

CONTROLLER 

PGO 
PG1 
PG2 
PG3 


A 


K 






( 8 ^ PORTA 






A N. 






i 8 > PORTB 






A.. -K 










( 8 > PORTD 






-„— K 






8 > PORTE 
















(, 8 > PORTF 








HINT 






HOST 
SYSTEM 














( PORT C HOST DATA BUS 8 ) 
H02/HRD 




^ HR/W/HWR 




HRS 




CS 






• ' '' . -'.'' 




Figure 10. Host Mode Block Diagam 



EMULATION MODE 

The R65C00/21 can operate in an emulation mode under exter- 
nal signal control. 

Emulation mode deselects the internal ROM and enables the 
1 6-bit Expanded Bus mode, independent of the bus mode pro- 
grammed in the Bus Control Register. Since the Expanded Bus 
mode uses peripheral Ports D and E, provision is made for 
these to be emulated in external hardware. This is accom- 
plished by forcing all memory references to Ports D and E to 
be External Bus cycles. Accesses to the Data Direction Register 
for Port D are also forced external. 



To further aid program development In emulation mode, all bus 
cycles which perform a memory or I/O write operation, whether 
the true destinati on is i nternal or external, will assert the External 
Memory Strobe (EMS) signal. This allows a copy of internal reg- 
ister and memory values to be kept In external memory. 

Emulation m ode is selected by applying the 02 output clock 
signal to the RES input pin. 



3-27 



R65C00/2UR65C29 



Dual CMOS Microcomputer/MicroprocessG»r 



INSTRUCTION SET IN ALPHABETIC SEQUENCE 



The following table contains a summary of the R65C00/21 and 
R65C29 CPU Instruction set. For detailed information, consult 
the R6502 Microcomputer System Programming Manual, Order 
No. 202. 



The instructions notated with a * are added instructions for the 
R65C00/21 and R65C29 which are not part of the standard 
6502 instruction set. 





Instruction Set in Alphabetic Sequence 


Mnemonic 


Description 


Mnemonic 


Description 


ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


"AND" Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 






LSR 


Shift One Bit Right (Memory or Accumulator) 


*BRA 


Branch Always 






•BBR 


Branch on Bit Reset Relative 


*MUL 


Multiply 


•BBS 


Branch on Bit Set Relative 






BCC 


Branch on Carry Clear 


NOP 


No Operation 


BOS 


Branch on Carry Set 






BEQ 


Branch on Result Zero 


ORA 


"OR" Memory with Accumulator 


BIT 


Test Bits in Memory with Accumulator 






BMI 


Branch on Result Minus 


PHA 


Push Accumulator or Stack 


BNE 


Branch on Result not Zero 


PHP 


Push Processor Status on Stack 


BPL 


Branch on Result Plus 


*PHX 


Push Index X 


BRK 


Force Break 


*PHY 


Push Index Y 


BVC 


Branch on Overflow Clear 


PLA 


Pull Accumulator from Stack 


BVS 


Branch on Overflow Set 


PLP 


Pull Processor Status from Stack 






*PLX 


Pull Index X 


CLC 


Clear Carry Flag 


*PLY 


Pull Index Y 


OLD 


Clear Decimal Mode 






CLI 


Clear Interrupt Disable Bit 


*RMB 


Reset Memory Bit 


CLV 


Clear Overflow Flag 


ROL 


Rotate One Bit Left (Memory or Accumulator) 


CMP 


Compare Memory and Accumulator 


ROR 


Rotate One Bit Right (Memory or Accumulator) 


CPX 


Compare Memory and Index X 


RTI 


Return from Interrupt 


CPY 


Compare Memory and Index Y 


RTS 


Return from Subroutine 


DEC 


Decrement Memory by One 


SBC 


Subtract Memory from Accumulator with Borrow 


DEX 


Decrement Index X by One 


SEC 


Set Carry Flag 


DEY 


Decrement Index Y by One 


SED 


Set Decimal Mode 






SEI 


Set Interrupt Disable Status 


EGR 


"Exclusive-Or" Memory with Accumulator 


*SMB 


Set Memory Bit 






STA 


Store Accumulator in Memory 


INC 


Increment Memory by One 


STX 


Store Index X in Memory 


INX 


Increment Index X by One 


STY 


Store Index Y in Memory 


INY 


Increment Index Y by One 










TAX 


Transfer Accumulator to Index X 


JMP 


Jump to New Location 


TAY 


Transfer Accumulator to Index Y 


JSR 


Jump to New Location Saving Return Address 


TSX 


Transfer Stack Pointer to Index X 






TXA 


Transfer Index X to Accumulator 






TXS 


Transfer Index X to Stack Register 






TYA 


Transfer Index Y to Accumulator 
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ADDRESSING MODE 



# OP n # OP 



<INO). Y Z. PAGE, X ABS, X 



# OP n If OP n # OP 



BIT ADOWESSIHG (OP BY BIT #) 



PROCESSOR STATUS 
CODES 



7 6 5 4 3 2 1 IT 



cn 
O 

o 

lO 



ADC 


A + M + O-A (4)(1) 


AND 


A M-A (1) 


ASL 


c^ 1 ? 8\^ 


BBR(#(0-7)1 


Branch on M.=0 (5) 


BBS(#(?-7)J 


Branch on M.= 1 (5) 


BCC 


Branch on C-0 (2) 


BCS 


Branch on C-1 (2) 


BEQ 


Branch on Z 1 (2) 


BIT 


A M 


8MI 


BranchonN-1 (2) 


8NE 


Branch on Z- J* (2) 


BPL 


Branch on N -/J (2) 


BRA 


Branch Atimys(l) 


BRK 


Break 


BVC 


Branch on V (2) 


BVS 


Branch on V 1 (2) 


CLC 


0-C 


CLD 


0-D 


CLI 


0-1 


CLV 


0-.V 


CMP 


A M 


CPX 


X M 


CPY 


Y M 


DEC 


M 1-M 


DEX 


X 1-X 


DEY 


Y 1-Y 


EOfl 


AVM-.A (1) 


INC 


M. 1— M 


INX 


X- 1-X 


INY 


Y- 1— Y 


JMP 


Jump 10 New Loc 


JSR 


Jump Sub 


LDA 


M-A (1) 


LDX 


M-X (1) 


LDY 


M-Y (1) 


LSR 


0-17 01 ^C 


NOP 


No Operation 


MUL 


A*Y-A,s.aY7.o. 


ORA 


AVM-A (1) 


PHA 


A-Ms S 1-S 


PHP 


P-Ms S 1-S 


PHX 


X-Ms S 1-S 


PHY 


Y-Ms S 1-S 


PLA 


81-8 Ms-*A 


PLP 


S-1-S Ms-P 


PLX 


S-1-S Ms-X 


PLY 


S-1-S Ms-Y 


RMB|#(0-7)] 


0-M, (5) 


ROL 


^7 ,p,l— K 


,HOR 




RT1 


Rimint 


RTS 


Rim Sub 


SBC 


A-M C-.A (1)(5) 


SEC 


1-C 


SED 


1-.D 


SEI 


1-«T 


SMBI#(«-7)1 


1-M.(5) 


STA 


A— M 


STX 


X-M 


STY 


Y-M 


TAX 


A— X 


TAY 


A— Y 


TSX 


S-X 


TXA 


X-A 


TXS 


X-S 


TYA 


Y— A 





31 




O) 




CA 




f^ 




to 




(O 


^^ 




z 




U) 




H 




X 




c 




o 




H 








o 




z 


a 

c 


0) 


M 


1 


O 


H 


s 




o 

CO 



> 



o 
o 

o 
3 

■o 

c 



o 

s 

o 
(P 

(0 



Notes: 

1 . Add 1 to N if pa^ boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3. Carry not (C) = Borrow 

4. If in decimal mode Z flag is invalid 
accumulator must be checked on zero result. 

5. Effects 8-bit data field of the specified zero page address. 



LEGEND 

X = Index X 

Y = Index Y 

A = Accumulator 

M = Memory per effective address 

Mj = Memory per stack pointer 

Mb = Selecter zero page memory bit 

Mj = Memory Bit 7 



= Memory Bit 6 
-- Add 
-■ Subtract 
= And 

Or 
' Exclusive or 
: Number of cycles 
^ Number of Bytes 
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INSTRUCTION SET OPERATION CODE MATRIX 



The following matrix shows the op codes associated with the 
R65C00/21 and R65C29 CPUs. The matrix identifies the 
hexadecimal code, the mnemonic code, the addressing mode, 



the number of instruction bytes, and the number of machine 
cycles associated with each op code. Also, refer to the instruc- 
tion set summary for additional information on these op codes. 



BRK 
Implied 
1 7 


ORA 

(IND, X) 

2 6 


MUL 
Implied 
1 10 






ORA 
ZP 
2 3 


ASL 
ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 

1 2 






ORA 
ABS 

3 4 


ASL 
ABS 
3 6 


6BR0 

ZP 
3 5" 


BPL 
Relative 
2 2" 


ORA 
(IND), Y 
2 5* 








ORA 
ZP, X 
2 4 


ASL 
ZP, X 
2 6 


RMB1 
ZP 
2 5 


CLC 

Implied 

1 2 


ORA 
ABS,Y 
3 4* 








ORA 
ABS. X 

3 4* 


ASL 
ABS, X 

3 7 


BBR1 
ZP 

3 5" 


JSR 

Absolute 

3 6 


AND 

(IND.X) 
2 6 






BIT 
ZP 
2 3 


AND 
ZP 
2 3 


ROL 
ZP 
2 5 


RMB2 
ZP 
2 5 


PLP 

Implied 

1 4 


AND 
2 2 


ROL 

Accum 

1 2 




BIT 
ABS 
3 4 


AND 
ABS 
3 4 


ROL 
ABS 
3 6 


BBR2 

ZP 
3 5" 


BMJ 
Relative 
2 2" 


AND 

(IND. Y) 

2 5* 








AND 
ZP, X 
2 4 


ROL 
ZP.X 
2 6 


RMB3 
ZP 
2 5 


SEC 

Implied 

1 2 


AND 
ABS.Y 
3 4* 








AND 
ABS,X 
3 4* 


ROL 

ABS, X 

3 7 


BBR3 

ZP 
3 5" 


RTI 

implied 

1 6 


EOR 

(IND, X) 

2 6 








EOR 
ZP 
2 3 


LSR 
ZP 
2 5 


RMB4 
ZP 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 

Accum 

1 2 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 


BBR4 
ZP 

3 5" 


BVC 
Relative 
2 2" 


EOR 
(IND), Y 
2 5* 








EOR 
ZP, X 
2 4 


LSR 
ZP.X 
2 6 


RMB5 
ZP 
2 5 


CLI 

Implied 

12 


EOR 
ABS, Y 

3 4* 


PHY 
Implied 
13 






EOR 
ABS,X 
3 4* 


LSR 
ABS, X 

3 t . 


.BBR5 

ZP _ 

3 5" 


RTS 

Implied 

1 6 


ADC 

(IND,X) 

2 6 








ADC 
ZP 
2 3 


ROR 
ZP 
2 5 


RMB6 
ZP 
2 5 


PLA 

Implied 

1 4 


ADC 
IMM 
2 2 


ROR 

Accum 

1 2 




JMP 

Indirect 

3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 


BBR6 

ZP 
3 5" 


BVS 
Relative 
2 2** 


ADC 

(IND, Y) 

2 5* 








ADC 
ZP, X 

2 4 


ROR 
ZP, X 
2 6 


RMB7 
ZP 
2 5 


SEI 
Implied 
1 2 


ADC 
ABS.Y 
3 4* 


PLY 

Implied 

1 4 






ADC 
ABS, X 
3 4* 


ROR 
ABS, X 

3 7 


BBR7 

ZP 
3 5" 


BRA 
Relative 
2 3* 


STA 

(IND, X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 
2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 

1 2 




TXA 

Implied 

1 2 




STY 
ABS 
3 4 


STA 
ABS 

3 4 


STX 
ABS 

3 4 


BBSO 
ZP 

3 5" 


BCC 
Relative 
2 2" 


STA 

(IND, Y) 

2 6 






STY 
ZP, X 
2 4 


STA 
ZP. X 

2 4 


STX 
ZP.Y 
2 4 


SMB1 
ZP 
2 5 


TYA 

Implied 

1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied 

1 2 






STA 

ABS, X 

3 5 




BBS1 

ZP 

3 5" 


LDY 
IMM 
2 2 


LDA 

(IND. X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
ZP 
2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
2 5 


TAY 

Implied 
1 2 


LDA 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 

ZP 

3 5" 


BCS 

Relative 
2 2" 


LDA 
(IND), Y 
2 5* 






LDY. 
ZP,X 
2 4 


LDA 
ZP, X 
2 4 


LDX 
ZP.Y 
2 4 


SMB3 
ZP 
2 5 


CLV 

Implied 

1 2 


LDA 
ABS, Y 
3 4* 


TSX 

Implied 

1 2 




LDY 
ABS, X 
3 4* 


LDA 
ABS, X 
3 4* 


LDX 
ABS.Y 
3 4* 


BBS3 

ZP 
3 5" 


CPY 
IMM 
2 2 


CMP 
(IND, X) 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 
1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 
ZP 

3 5** 


BNE 
Relative 
2 2" 


CMP 
(IND), Y 
2 5* 








CMP 
ZP. X 
2 4 


DEC 
ZP,X 
2 6 


SMB5 
ZP 
2 5 


OLD 

Implied 
1 2 


CMP 
ABS.Y 
3 4* 


PHX 

Implied 

1 3 






CMP 
ABS, X 
3 4* 


DEC 

ABS.X 

3 7 


BBSS 

ZP 
3 5" 


CPX 
IMM 
2 2 


SBC 

(IND.'X) 

2 6 






CPX 
ZP 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 
2 5 


SMB6 
ZP 
2 5 


INX 

Implied 

■• 2 


SBC 
IMM 
2 2 


NOP 

Implied 

1 2 




CPX 
ABS 
3 4 


SBC 
ABS 
3 4 


INC 
ABS 
3 6 


BBS6 
ZP 

3 5" 


BEQ 

Relative 
2 2" 


SBC 
(IND)^Y 
2 5* 








SBC 
ZP, X 

2 4 


INC 
ZP, X 
2 6 


SMB7 
ZP 
2 5 


SED 

Implied 
1 2 


SBC 
ABS, Y 
3 4- 


PLX 
Implied 
1 4 






SBC 
ABS. X 
3 4- 


INC 

ABS, X 

3 7 


BBS7 

ZP 
3 5" 1 



BRK 

Implied 

1 7 



-OP Code 

-Addressing Mode 

-Instruction Bytes; Machine Cycles 



-New Opcode *Add 1 to N if page boundary is crossed. 

**Add 1 to N if branch occurs to same page; 
Add 2 to N if branch occurs to different page. 
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r/0 PORT WAVEFORMS— ALL PORTS 



^2 



/ 



V 



PORT INPUT 



PORT OUTPUT 



zzzzz 



nyszL 

Tps [ ^ ^ 



/ 



^. 



77777 




I/O PORT TIMING— ALL PORTS 



Parameter 


Symbol 


2MHz 


4 MHz 


MIn 


Max 


MIn 


Max 


Input Data Setup Time 


Tps 


50 


-_ 


35 


— 


Input Data Hold Time (Port D) 


TpH 


10 


— 


:-10- 


— 


Input Data Hold Time 
(All ports except D) 




25 


— 


■■ .25 ■••,,„/■: 


— 


Output Data Delay Time 


Tpo ;■■■■ 


- 


120 


•'■: . - ' ■ 


100 
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EXPANSION BUS TIMING 

Vcc = 5.0V ± 10%, Ta = 0°C to 70°C 



Parameter 


Symbol 


2 MHz* 


4 MHz* 


Unit 


Min 


Max 


Min 


Max 


RW" Delay Time 


Trwd 


20 


100 


10 


80 


ns 


PE Address Delay Time 


•aed 


20 


100 


10 


80 


ns 


PD Address Delay Time 


Tadd 


20 


120 


10 


100 


ns 


PD Address Hold Time-Read 


Tadh 





80 





60 


ns 


Data Delay Time— Write 




— 


120 


— 


100 


ns 


Data Hold Time— Write 


Tdhw 


20 


_^ 


20 


_ 


ns 


Data Setup Time— Read 


Tdsr 


50 


— 


35 


— 


ns 


Data Hold Time-Read 


Tdhr 


10 


__ 


10 


— 


ns 


EMS Delav Time— Address Valid to EMS Low 


Tema 


10 


, — 


10 


— 


ns 


EMS Delav Time-02 to EMS Low 


'emc 


— 


150 


— 


115 


ns 


EMS Hold Time 


Temh 


10 


— 


10 


— 


ns 


J?2 Cycle Time 


TcYC 


500 


— 


250 


— 


ns 


Pulse Width 02 Low 


T PWL 


235 


265 


115 


135 


ns 


Pulse Width 02 High 


TpWH 


235 


265 


115 


135 


ns 


0A Delay Time —02 to 0A 


T2AD 





60 





50 


ns 


Note: 

*02 Frequency 



EXPANSION BUS WAVE FORMS 






























■ 












02 ^ 

0A — ^ 


J 


r 


^ 




J 


f > 






rpw 




jpyy^l^ 


— 








/ 












\ 


_Jf^l2AD 




'N 








- TCYC - 


















r 


RW •" 


JRyND^—- 












c- 




k 


TEMH — 








)f 




EMS 


TEMA — 


\ 


" — 




\ 




/ 




















PE''',.:; 


) 


J' 


ADDRH 






X 


ADDRH 


I 


PD 


— TAED -*- 












s 


















[ ADDR L 


> 


DATA 


/ 


ADDRL 




' DATA 


)— 


- — TADD - 


? 


\- 




TDSR 






TDDW — 


" 


-* 


TDHW 




TADH-— 


^1 c 


)HR— 




■ — 


-■ ' ¥»r 


11 IE V#T\ 


i^LE 
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MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc +0.3 


Vdc 


Operating Temperature 


Ta 


to +70 


*>C 


Storage Temperature 


TSTG 


-56 to +150 


ac 



*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages, however, it is 
advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 



DC CHARACTERISTICS 

Vcc - +5.0V ± 10%, Ta = CC to 70'C (unless othenvlse specified) 






Symbol 


MIn 


Max 


Unit 


Test Condition 


Input High Voltage 


V,H 


+ 2.0 


- 


V 




Input Low Voltage 


V,L 


- 


+ 0.8 


V 




Output High Voltage 


VoH 


+ 2.4 


— 


V 


Vcc = 4.5V 
Iload = -lOOtJiA 


Input Leakage Current 


l|N 


— 


±10 


M-A 


V,N = OVorVcc 
Vcc = OV 


Output Low Voltage 


Vol 


— 


+ 0.4 


V 


Vcc = 4.5V 
Iload =1.6 mA 


Output Low Current 
(All ports except Port G) 


•out 


— 


-1.6 


mA 


Vol = 0.4V 


Input Capacitance 
(XTALO, XTALI) 
(All Others) 


C|N 


= 


25 
5 


PF 
PF 


Vcc = 5V 
1 = 2 MHz 
Ta = 25°C 


Output Capacitance 


CoUT 


- 


10 


pF 


Operating Frequency 
Crystal or Master Clock 
02 Clock 


- 


.02 
.01 


8.0 
4.0 


MHz 
MHz 




Power Dissipation 


Pd 


" 


40 


mW 


Vcc = 5V 
f = 2 MHz 
Ta = 25'»C 


Note: Negative sign Indicates outward current flow, positive sign indicates inward current flow. 
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PACKAGE DIMENSIONS 



64 PIN PLASTIC QUrP (QUAD IN-LINE PACKAGE) 



un n.nj. 



nllnllnllnllnllnllnllnllnMnllnllnllnilnllnllnl 



64 



1 32 

' ui l u i [U || U| i u i |U | |U | |U | [U | iu||U|m||U|iUi|Ui | U 



VT 



-" -4-' 



^ L— ^ I 



zql— J 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


41.15 


41.66 


1.620 


1.640 


B 


17.02 


17.53 


0.670 


0.690 


c 


3.05 


4.57 


0.120 


0.180 


D 


0.38 


0.51 


0.024 


0.020 


F 


1 .27 BSC 


0.050 BSC 


G 


2.54 BSC 


0.100 BSC 


H 


1.02 


1.14 


0.040 


0.045 


J 


-^ 


7" 


— 


7° 


K 


2.79 


4.32 


0.110 


0.170 


L 


18.92 


19.81 


0.745 


0.755 


M 


23.37 


23.62 


0.920 


0.930 
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R65F11 ANDR65F12 
FORTH BASED MICROCOMPUTERS 



SECTION 1 
INTRODUCTION 



1.1 FEATURES 

• FORTH kernel in ROM 

• Enhanced 6502 CPU 

—Four new bit manipulation instructions: 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
—13 addressing modes 
—True indexing 

• 192-byte static RAM 

• 1 6 bidirectional, TTL-compatlble I/O lines (two ports, R65F1 1 ) 
or 40 bidirectional, TTL-compatlble I/O lines (five ports, 
R65F12) 

• One 8-bit port with programmable latched input 

• Two 16-bit programmable counter/timers, with latches 
—Pulse width measurement 

—Asymmetrical pulse generation 
—Pulse generation 
— Interval timer 
—Event counter 
—Retrlggerable interval timer 

• Serial port 

—Full-duplex asynchronous operation mode 
—Selectable 5- to 8-bit characters 
—Wake-up feature 
—Synchronous shift register mode 
— Standard programmable bit rates, programmable up to 
62.5K bits/sec 

• Ten interrupts 

— Four edge-sensitive lines; two positivei two negative 

—Reset 

—Non-maskable 

^Two counter 

—Serial data received 

—Serial data transmitted 

• Expandable to 16K bytes of external memory 



• Flexible clock circuitry 

— 2-MHz or 1 -MHz internal operation 

— Internal clock with external XTAL at two times internal 

frequency 
— External clock input divided by one or two 

• 1 /iS minimum instructbn executk)n time @ 2 MHz 

• NMOS silicon gate, depletion load technology 

• Single +5V power supply 

• 12 mW standby power for 32 bytes of the 192-byte RAM 

• 40-pin DIP (R65F11) 

• 64-pin QUIP (R65F12) has three additional 8-bit I/O ports to 
provide a total of 40 I/O lines. 

1.2 SUMMARY 

The Rock\^eH R65F11 and R65F12 are complete, high-perfor- 
mance, 8-blt NMOS single chip microcomputers, and are com- 
patible with all members of the R6500 family. 

The kernel of the high level Rockwell Single Chip RSC-FORTH 
language is contained in the preprogrammed ROM of the R65F1 1 
and R65F12. RSC-FORTH is based on the popular fig-FORTH 
model with extensions. All of the run time functions of RSC- 
FORTH are contained in the ROM, including 16- and 32-bit 
mathematical, logk;al and stack manipulation, plus memory and 
input/output operators. The RSC-FORTH Operating System 
allows an external user program written In RSC-FORTH or 
Assembly Language to be executed from external EPROM, or 
devetopment of such a program under the control of the R65FR1 
RSC-FORTH Development ROM. Other development ROM's 
can also be accommodated. 

The R65F11 and R65F12 consist of an enhanced 6502 CPU, 
an intemal ckx;k oscillator, 192 bytes of Random Access Mertiory 
(RAM) and versatile interface circuitry. The interface circuitry 
includes two 16-bit programmable timer/counters, 16 bidirec- 
tbnal input/output lines (including four edge-sensitive lines and 
input latching on one 8-bit port), a full-duplex serial I/O channel, 
ten interrupts and bus expandability. 

The innovative architecture and the demonstrated high p)erfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
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computational power. These features in combination witJi the 
FORTH high level operating system make the R65F11 and 
R65F12 ideal for microcomputer applications. 



(Order Number 201). A description of the instruction capabiiites 
of the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 



For systems requiring additional I/O ports, the 64-pin QUIP 
version, the R65F12, provides three additional 8-bit ports. 

A complete RSC- FORTH development system can be cre- 
ated with three MOS parts: the R65F11, one RAM chip and 
the R65FR1 Development ROM. 

This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 



1.3 ORDERING INFORMATION 



Part No. 


Description 


R65F11P 

R65F11AP 

R65F12Q 

R65F12AQ 

R65FR1P 

R65FR2P 

R65FK2P 

R65FR3P 
R65FK3P 


40-Pin FORTH Based Microcomputer at 1 MHz 
40-Pin FORTH Based Microcomputer at 2 MHz 
64-Pin FORTH Based Microcomputer at 1 MHz 
64-Pin FORTH Based Microcomputer at 2 MHz 
FORTH Development ROM for R66F11 or R65F12 
FORTH Development ROM for expanded capacity 
FORTH Kernel ROM for expanded capacity 

development 
FORTH Development ROM for R6501Q 
FORTH Kernel ROM for R6501Q 


Order No. 


Description 


2148 


FORTH Based Microcomputer User's Manual* 


Note: 

*lncluded with R65FR1. 
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SECTION 2 
INTERFACE REQUIREMENTS 



This section describes the interface requirements for the 
R65F11 and R65F12 single chip microcomputers. Figure 
2-1 is the Interface Diagram for the R65F11 and R65F12, 
Figure 2-2 shows the pin out configuratbn and Table 2-1 
describes the function of each pin of the R65F1 1 and R65F12. 
Figure 3-1 is a detailed block diagram. 



Table 2-1. R65F11 and R65F12 Pin Descriptions 
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Figure 2-1. R6SF11 and R65F12 Interface Diagram 



Signal 


Pin No. 


Pin No. 




Name 


R65F11 


R65F12 


Description 


Vcc 


21 


50 


Main power supply +5V 


Vrr 


39 


12 


Separate power pin for RAM. 
In the event that Vcc power 
is lost, this power retains 
RAM data. 


Vss 


40 


11 


Signal and power ground (OV) 


XTLI 


2 


10 


Crystal or clock input for in- 
ternal clock oscillator. Also 
alk>ws input of XI ckxsk sig- 
nal If XTLO is connected to 
Vss or X2 or X4 ckick If 
XTLO is ftoated. 


XTLO 


1 


9 


Crystal output from Internal 
clock oscillator. 


RES 


20 


41 


The Reset Input is used to 
initialize the R65F11. This 
signal must not transitkwi from 
k>w to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. 


^2 


3 


13 


Clock signal output at inter- 
nal frequency. 


NMi 


22 


51 


A negative going edge on the 
Non-Maskable Intenupt sig- 
nal requests that a non- 
maskable intemjpt be gen- 
erated within the CPU. 


PA0-PA7 


30-23 


57-64 


Two 8-btt ports used lor either 


PB0-PB7 


38-31 


1-8 


input/output. Each line of 
Ports A and B consist of an 
active transistor to Vgs and 
a passive pull-up to Vcc- 


PC0-Pd7 


4-11 


25-32 


Port C has an active pull-up 


A0-A3 






transistor. Port D has active 


A12. R/W 






pull-up and pull-down tran- 


A13.EM$ 






sistors. Ports C and lines 
form the external multiplexed 


PD0.PD7 


19-12 


33-40 


address and data bus to al- 


A4-A11 






kJw external memory ad- 


D0-D7 






dresing. 


PE0-PE7 




42-49 


On the R65F12, Port E may 


PF0.PF7 




24-17 


be used for output only. Ports 


PG0-PQ7 




14-16. 


F and Q are similar to Ports 






52-56 


A and B in constnjctton and 
may be used for inputs or 
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Interface Diagram 



DOT OR NOTCH 
TO LOCATE 
PIN NO. 1 




R65F11 Pin Out Designation 




19 EQUAL SPACES 
0.100 1 TOL NONCUM. 
(2.54 MM) 




(165 MM) 0.06S 
(1.01 MM) 0.040 



(0.55 MM) a.OZ? 
(0.45 MM) 0.01S 



40 PIN DIP 

R65F11 Dimensional Outline 



Inwrfaca Diagram 





R65F12 Pin Out Designation 



«4PWQUIP 



R65F12 Dimensional Outline 



'igure 2-2. Pin Out Configuration 
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SECTION 3 
SYSTEM ARCHITECTURE 



This section provides a functional description of the R65F1 1 
and R65F12. Functionally the R65F11 consists of a CPU, 
RAM memory, two 8-l)it parallel I/O ports (live in the 64-pin 
R65F12), a serial I/O port, dua! counter/latch circuits, a mode 
control register, an interrupt flag/enable dual register circuit, 
and an internal Operating System, The kernel of FORTH in 
ROM complements the system hardware. A block diagram 
of the system is shown in Figure 3-1. 

NOTE 

Throughout this document, unless specified 
othen/vise, all memory or register address loca- 
tions are specified in hexadecimal notation. 



3.1 CPU LOGIC 

The R65F1 1 Internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, and ALU. a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-blt register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit Index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipul ation in response to either 
user instructions, an intemal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplificatbn of many types 
of data manipulation. The JSR, BRK, RTI and RTS Instruc- 
tions use the stack and Stack Pointer. 



The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or ''pushed'') onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer Is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremerited by 1. Each time data are read (or 
"pulled") frorri the stack, the Stack Pointer is Incremented by 
1 . The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1 .4 Processor Status Register 

The 8-bit Processor Status Register contains seven status 
flags. Some of these flags are controlled by the user pro- 
gram; others may be controlled both by the user's program 
and the CPU. The R6500 instruction set contains a number 
of conditional branch instructions whk:h are designed to alk)w 
testing of these flags. See Appendix B for details. 

3.1.5 Program Counter 

The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an Instruction or data is fetched from program memory. 

3.1.6 Arithmetic And Logic Unit (ALU) 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.7 Instruction Register and instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Intemal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
intermpt signals to generate control signals for the various 
registers. 
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Figure 3-1. Detailed Blocic Diagram 



R65F11«R65F12 



FORTH Based Microcomputers 



3.1.8 Timing Control 

The Timing Control Logic keeps track of the specific Instruc- 
tion cycle being executed. This logic is set to TO each time 
an Instruction fetch is executed and is advanced at the 
t)eginnlng of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 

3.1.9 Interrupt Logic 

Interrupt lo gto contr ols the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
condit'ions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 

3.2 CPU INSTRUCTION SET 

The machine code instruction set of the R65F1 1 and R65F12 
microcomputers are based on the popular R6500 micropro- 
cessor set. They contain all the instructions in the standard 
R6502 set, with the addition of the four new bit instructions 
added to the R651 1 processor family. Refer to Appendix A 
for the Op Code mnemonics addressing matrix for details on 
these instructkjns. 

3.3 READ-ONLY-MEMORY (ROM) 

The ROM consists of preprogrammed memory with an 
address space from F400 to FFFF. It contains the run time 
kernel of the high level language Rockwell Single Chip 
FORTH. There are 133 included functions stored in the 
ROM. Codes are in the format of a two byte code field, which 
identifies the interpreter assigned to execute that word, fol- 
lowed by a variable length Parameter Field, which contains 
the instructbns and data used by that interpreter according 
to the programmed intention of that definition. See Appendix 
D for a complete list of the names of all included words. All 
words needed for supp)ort of the run time operation of dedi- 
cated applteatbns programs are included. The RSC-FORTH 
Operating System is also part of the ROM code and is 
entered upon Reset. This Operating System allow the R65F1 1 
and R65F12 to auto start a user program written in either 
RSC-FORTH or Assembly Language or enter a Develop- 
ment ROM if one Is present. If no auto start program is found, 
an attempt will be made to boot an operating program from 
floppy disk. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R65F11 and R65F12 provide a separate power pin (Vrr) 
whk;h may be used for standby power for 32 bytes located 
at 0040-005F. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Vrr pin. If the RAM data retention is not 
required then Vrr must be connected to Vcc- During oper- 
atk)n Vrr must be at the Vcc level. 



For the RAM to retain data upon lo ss of Vcc. Vrr must be 
supplied within operating range and RES must be driven low 
at least eigh t 02 clock pulses before Vcc ^aUs out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during nonnal operatton. When Vcc 's out of operating range, 
Vrr must remain within the Vrr retention range in order to 
retain data. Figure 3-2 shows typical waveforms. 



Vrr 
Vcc 
RES 



RAM OPERATING MODE RAM RETENTION MODE 

5- ■ 


5 




© 



^<: 




-H k-® -*J|— TRL0* 



1 INITIAL APPLICATION OF Vcc AND Vrr. 

2 LOSS OF Vcc. RAM ON STANDBY POWER. 

3 REAPPLICATION OF Vcc- 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 

5 >8 02 CLOCK PULSES. 




Figure 3-2. Data Retention Timing 

3.5 CLOCK OSCILLATOR 

A reference frequency can be generated with the on-chip 
oscillator using an external crystal. The oscillator reference 
frequency passes through an internal countdown network 
(divide by 2) to obtain the internal operating frequency (see 
Figure 3-3a). 

Internal timing can also be controlled by driving the XTLI pin 
with an extemal frequency source. Figure 3-3b shows typk^al 
connectbns. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vss, the internal coundown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 

The R65F11 and R65F12 operate in the CLOCK MASTER 
mode. In this mode a frequence source (crystal or external 
source) must be applied to the XTLI and XTLO pins. 

NOTE: When operating at a 1 MHz internal frequency place a 
15-22 pt capacitor between XTLO and GND. 

02 is a buffered output signal which closely approximates the 
internal timing. When a common external source is used to 
drive multiple devices the Internal timing between devices as 
well as their 02 outputs will be skewed in time. If skewing 
represents a system problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 

The R65F1 1 and R65F12 is operated in the CLOCK MASTER 
MODE. A second processor could be operated In the CLOCK 
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SLAVE MODE. Mask options in the SLAVE unit convert the 
02 signal into a clock input pin which is tightly coupled to the 
internal timing generator. As a result the Internal timing of the 
MASTER and SLAVE units are §ynchronized with minimum 
skew. If the 02 signal to the SLAVE unit is inverted, the 
MASTER and SLAVE UNITS WILL OPERATE OUT OF 
PHASE. This approach allows the two devices to share 
external memory using cycle stealing techniques. 
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Figure 3-3. Clock Oscillator Input Options 
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Figure 3-4. Master/Slave Connections 



3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communicatbns Control Register (SCCR), determines the 
basic configuration of the R65F1 1 and R65F12 in any appli- 
cation. The Mode Control Register bit assignment Is shown 
in Figure 3-5. MCR Bits 7, 6, 5 must remain 1 's in order for 
external memory referencing to be enabled. 









MCR 


7 


6 


5 


4 


3 


2 


1 





Addr 0014 












' 1 1 (iounter'A 












Counter B Mode Select 










Mod* Select 6 Interval Timer 














1 Pulse Generation 














1 Event Counter 


Bus Mode Select 








1 1 Pulse Widtti Meas. 










Interval Timer 










1 Asymmetric Pulse Generation 










1 Event Counter 














■■'t'-. 






Port B Latch 








(1 = Enabled) 








.J>i)rtDTir«.Stal* 










1 -Nonnal 1 


a X Nonnal ) 




1 Abbr. Bus 1 ""* ''**^' 


1 , 1 Mux'd Bus 



Figure 3-5. Mode Control Register 

The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (lER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until ail interrupting conditions have been 
sen/iced and cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 001 1 . Edge detect IFR bits may be 
cleared in low level code by executing a RMB instruction at 
address location 0010. The RMB X, (0010) instruction reads 
FF, modifies bit X to a "0", and writes the modified value at 
address location 001 1 , In this way IFR bits set to a "1" after 
the read cycle of a Read-Modify-Write instruction (such as 
RMB) are protected from being cleared. A logic "1" Is ignored 
when writing to edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" In the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Inten-upt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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Figure 3-6. Interrupt Enable and Flag Registers 



Table 3-1 . Interrupt Flag Register Bit Codes 



Bit 
Code 


Function 


IFRO: 


PAO Positive Edge Detect Flag— Set to a "1" when a positive going edge is detected on PAG. 
Cleared by RMB (0010) instruction or by RES. 


IFRI: 


PA1 Positive Edge Detect Flag— Set to a 1 when a positive going edge is detected on PA1 . 
Cleared by RMB 1 (0010) instmction or by RES. 


IFR 2: 


PA2 Negative Edge Detect Flag— Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instmction or by RES. 


IFR 3: 


PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) Instruction or by RES. 


IFR 4: 


Counter A Underflow Flag—Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018. by writing to address location 001 A. or by RES. 


IFR 5: 


Counter B Underflow Flag— Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001C, by writing to address location 001E, or by RES. 


IFR 6: 


Receiver Interrupt Flag— Set to a 1 when any of the Serial Communication Status Register bits 
through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 


IFR 7: 


Transmitter Interrupt Flag— Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a or SCSR 
7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 OPERATING SYSTEM 

The system startup function, COLD, is executed upon Reset. 
COLD, a high level FORTH word, forms the basis of the RSC 
Operating System. Upon reset this functton initializes the 
R65F11 or R65F12 registers to establish the external 16K 
byte memory map and disable all interrupt spurces. It also 
sets up the serial channel for 1200 baud (assuming a 1 MHz 
internal clock) asynchronous transmissbn (seven bits, parity 
disabled)^ The internal FORTH structure "W" is prepared for 
use and the low level input/output vectors are forced to point 
to the system serial channel routines. The FORTH User Area 
Pointer, UP, is assigned the value 0300 Hex. 

A test is made of the variable CLD/WRM in memory location 
030E. If this contains a value other than A55A Hex a cold 
reset is assumed. In this case, the low level IRQ vector, 
IRQVEC; the low level NMI Vector, NMlVEC, and the high 
level inten-upt vector, INTVEC, are all forced to point to the 
system reset routine. This prevents an unintentionally gen- 
erated interrupt from crashing the system. System variables 
TIB, RO. SO, UC/L, UPAD, UR/W and BASE are also ini- 
tialized to their default values. 



Whether a warm or cold reset, the memory map is then 
searched at every 1 K byte boundary starting at location 0400 
Hex. The first two bytes at each boundary are checked 
against an A55A Hex bit pattern. This pattern indicates that 
an auto start program is installed. The next two bytes are 
assumed to point to the Parameter Field of the high level 
RSC-FORTH word to be executed upon reset. This may be 
the main functton of a user defined program or the start up 
routine of a Development ROM. Figure 3-7 details proper 
alignment. 

If no auto start ROM is found, the Operating System turns 
control over to a program that issues a "NO ROM" message 
to the systems tenninal via the serial channel and attempts 
to boot a program from disk. A floppy disk controller, com- 
patible with the WD1793 type, is assumed to be present at 
address 01 00 Hex. The first half of Track Sector 1 is loaded 
from a double density boot diskette into RAM starting at 
address 005F. When successfully loaded execution will be 
turned over to this boot program. 







XX03 


HH 


XX02 
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I AUTO START ROM PATTERN 

IK BOUNDARY 
AUTO START FORTH PROGRAM 
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XX06 


BB 


XX05 


CC 


XX04 


DD 


XX03 


HH 
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LL 
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A5 


XXOO 


5A 



AABB = ENTRY POINT ROUTINE 
CCDD == XX06 
HHLL - XX04 

AUTO START PATTERN 

IK BOUNDARY 
AUTO START MACHINE CODE PROGRAM 



Figure 3-7. Auto Start ROM 



3-44 



R65F11*R65F12 



FORTH Based Microcomputers 



SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 



Th© R65F11 has 16 I/O lines grouped into two 8-bit ports 
(PA, PB> and 16 lines programmed as an Address/Data bus 
(PC & PD). Ports A and B may be used either for Input or 
output individually or In groups of any combination. The 
R65F12 has 24 additional port lines grouped into three 8-blt 
ports (PE. PF, PG). 

Multifunctbn l/O's such as Port A are protected from normal 
port I/O instructions when they are programmed to perform 
a multiplexed function. 

Internal pull-up resistors (FET's with an impedance range of 
3K ^ Rpu ^ 12K ohm) are provided on all port pins. 

The direction of the I/O lines are controlled by 8-bit port reg- 
isters located In page zero. This arrangement provides quick 
programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the I/O ports, which simplifies I/O handling. The 
I/O addresses are shown in Table 4-1 . 



Table 4-1. 


I/O Port Addresses 


Port 


Address 


A 




0000 


B 




0001 


E 




0004 


F 




0005 


G 




0006 



Appendix F.4 Shows the I/O Port Timing. 



4.2 OUTPUTS 

Outputs for Ports A and B are controlled by writing the 
desired t/0 line output states into the corresponding I/O port 
register bit positions. A logic 1 wilt force a high (>2.4V) 
output while a logic will force a low (<0.4V) output. 



4.3 PORT A (PA) 

Port A can be programmed via the Mode Control Register 
(MGR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-3 tab- 
ulates the control and usage of Port A. 

In additbn to their normal I/O functions, PAO and PA1 can 
detect positive going edges, and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit Is set. 
The maximum rate at which an edge can be detectbl is one- 
half the 02 clock rate. Edge detection timing is shown In 
Appendix F. 4. 

4.4 PORT B(PB) 

Port B can be programmed as an 8 bit, bit independent I/O 
port. It has Si latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-2 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix F.4. 




4.1 INPUTS 

Inputs for Ports A and B are enabled by loading logic 1 into 
all I/O port register bit positions that are to correspond to 
I/O Input lines. A low (<0.8V) Input signal will cause a logic 
to be read when a read instruction is issued to the port 
register. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to bgic 1 thus 
initially treating alll/0 lines as inputs. 

The status of the Input lines can be Interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA and PB. During the Read cycle of a Read/ 
Modify/Write instruction the Port I/O register is r^ad. For all 
other read instructions the port input lines are read. Read/ 
ModifyA/Vrite instructions are: ASL, DEC, INC, LSR, RMB, 
ROL, ROR, and SMB. 





Table 4-2 


. Port B Control & Usage 










Latcii 






I/O Mode 


Mode 




MCR4 = 1 


Pin 

No. 

R65F11 


Pin 

No. 

R65F12 


MCR4 = 


(2) 


Signal 


Signal 


Name 


type (1) 


Name 


Type 


38 


8 


PBO 


I/O 


PBO 


INPUT 


37 


7 


PB1 


I/O 


PB1 


INPUT 


36 


6 


PB2 


I/O 


PB2 


INPUT 


35 


6 


PB3 


I/O 


PB3 


INPUT 


34 


4 


PB4 


I/O 


PB4 


INPUT 


33 


3 


PBS 


I/O 


PBS 


INPUT 


32 


2 


PB6 


I/O 


PB6 


INPUT 


31 


1 


PB7 


I/O 


PB7 


INPUT 


(1) ResistiN 


^e pull-up, a 


ctive buffer pull down 




(2) Input d 


ata is stored 


in port B latch by PAO 


pulse 
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Table 4-3. Port A Control and Usage 



R65F11/R65F12 
PORT***' 


PAO I/O 


PORT B LATCH MODE 




MCR4 == 


MCR4 = 1 




PAO^^J 


SIGNAL 


SIGNAL 




NAME 


TYPE 


NAME 


TYPE 




PAO 


I/O 


PORT B 
LATCH STROBE 


INPUTS ^' 


• - ■ ; •' ^'- 


PA1<2) 
PA2^3> 
PA3'3) 


PA1-PA3 I/O 






SIGNAL 




NAME 


TYPE 




PA1 
PA2 
PA3 


I/O 
I/O 
I/O 




PA4 


PA4 I/O 


COUNTER A I/O 


MCRO = 

MCR1 = 

SCCR7 = 

RCVR S/R MODE = 0<^' 

(6) 


MCRO = 1 

MSR1 = 

SCCR7=0 

RCVR S/R MODE = 0^*' 


SCCR7 = 
SCCR6 = 
MCR1 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA4 


l/Q 


CNTA 


OUTPUT 


CNTA 


ir4PUT(1) 


SERIAL I/O SHIFT REGISTER CLOCK | 


SCCR7 = 1 
SCCR5 = 1 


RCVR S/R MODE = 1 <^V 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


XMTR CLOCK 




OUTPUT 


RCVR CLOCK 


INPUT (1) 


PAS 


PA5I/0 


COUNTER B I/O 


MCR3 = 
MCR2 = 


MCR3 = 
MCR2 = 1 


MCR3 ^ 1 
MCR2 = X 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA5 


I/O 


CNTB 


OUTPUT 


CNTB 


INPUT (1) 


PA6 


PA6 I/O 


SERIAL I/O 
XMTR OUTPUT 


(1) HARDWARE BUFFER FLOAT 

(2) POSITIVE EDGE DETECT 

(3) NEGATIVE EDGE DETECT 

(4) RCVR S/R MODE = t WHEN 


SCCR7 = 


SCCR7 = 1 


SIGNAL 


SIGNAL 


SCCR6 • SCCR5 • SCCR4 = 1 
(5) APPLIES TO EITHER R65hl 
ORR65F12PORT(SEEPIN 


NAME 


TYPE 


NAME 


TYPE 


PA6 


I/O 


XMTR 


OUTPUT 


DIAGRAM) 
(6) FOR THE FOLLOWING MODE 
COMBINATIONS PA4 IS 
AVAILABLE AS AN INPUT 


PA7 


PA7I/0 


SERIAL I/O 
RCVR INPUT 


SCCR6 = 


SCCR6 = 1 


ONLY PIN: 

SCCR7 . SCCR6 • $CCR5 • 

MCR1 + SCCR7 . SCCR6 • 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


SCCR4vMCR1 +SCCR7. 
SCCR6 • SCCR5 + SCCR7 • 
SCCR5.SCCR4. 


PA7 


I/O 


RCVR 


INPUT (1) 
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4.5 PORT C (PC) 

Port C is preprogrammed as part of the Address/Dat a bus . 
PC0-PC7 function as A0-A3, A12,_R/W. A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3 FFF. (See 
Memory Map, Appendix C). The leading edge of EMS may 
be used to strobe the eight address lines multiplexed on Port 
D. See Appendix F.3 for Port C timing. 



4.6 PORT D (PD) 

Port D is also preprogrammed as part of the Address/Data 
bus. Data bits DO through D7 are time multiplexed with 
address bits A4 through A11, respectively. Refer to the 
Memory Maps (Appendix C) for Multiplexed memory assign- 
ments. See Appendix F.3 for Port D timing. 

4.7 PORT E (PE), PORT F (PF), 
PORT G (PG) 

Ports E, F and G are available on the R65F12 only. Port E 
can only be used as oMtputs. Port F and Port G can be used 
for inputs or outputs artd are similar to Port A and Port B in 
operation. 



Table 4-4. Port C Control and Usage 




R65F11/ 

R65F12 

Port 


Multiplexed 
Mode 


MCR7 s 1 
MCR6 = 1 


Signal 


Name 


Type (1) 


POO 
PC1 
PC2 
PCS 
PC4 
PG5 
PC6 
PC7 


AO 

A1 

A2 

A3 

A12 

R/W 

A13 

EMS 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 





Table 4-5. 


Port D Control and Usage 














Multiplexed 












Mode 










MCR7 =1 












MCR6 = 1 








R65F11/ 

R65F12 

Port 




MORS = 1 








Signal 






Signal 




Phase 1 


P*iase2 


Name 


Type (2) 


Name 


Type (3) 1 


PDO 


A4 




OUTPUT 




DATAO 






I/O 


PD1 


A5 




OUTPUT 




DATA1 






I/O 


PD2 


A6 




OUTPUT 




DATA2 






I/O 


PD3 


A7 




OUTPUT 




DATA3 






I/O 


PD4 


AS 




OUTPUT 




DATA4 






I/O 


PD5 


A9 




OUTPUT 




DATA5 






I/O 


PD6 


A10 




OUTPUT 




DATA6 






I/O 


PD7 


A11 




OUTPUT 




DATA7 






I/O 


(1) Active Buffer Pull-up and Pull-Down 










(2) Tri-State Buffer is In Active Mode 










(3) Tri-State Buffer is in Active Mode only during the Phase ? Portion of a Write Cycle 
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SECTIONS 
SERIAL INPUT/OUTPUT CHANNEL 



The R65F11 and R65F12 Mjcrocomputers provide a full 
duplex Serial I/O channel with programmable bit rates and 
operating modes. The serial I/O functions are c^ontrolled by 
the Serial Communication Control Register (SCCR). The 
SCCR bit assignment is shown in Figure 5^1. The serial bit 
rate Is determined by Counter A for all modes except the 
Receiver Shift Register (RCVR S/R) mode for which an 
external shift clock must be provided. The maximum data 
rate using the internal clock is 62.5K bits per second (<® 02 
= 1 MHZ). The transmitter (XMTR) and receiver (RCVR) can 
be Independently programmed to operate in different modes 
and can be independently enabled or disabled. 









SCCR 


7 


6 


5 


4 


3 


2 


1 





Addr 0015 


















O~0dd Parity 
















l-^Even Parity 












: 


Parity Disable 














1 Parity Enable 










0'- 8 Bits/Char 










1'>.7Blt»/Char 










1 0~ 6 Bits/Char 










1 1-5 Bits/Char 






XMTR & RCVR ASYN Mode 






1 XMTR ASYN, RCVR S/R 






1 X XMTR S/R, RCVR ASYN 




RCVR Disable 




1 RCVR Enable 


XMTR Disable 


1 XMTR Enable 



Figure 5-1 . Serial Communication Control Register 

Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal ctock. 

Whenever Counter A Is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown below. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 



ASYNCHftONOUS MODE WITHOUT PAHITV 


1 START 1 


8-BIT DATA 


1 =s,o. I 




1 ' 1 

1 start! 


7-BIT DATA 


2 STOP 1 






6-BIT DATA j 2 STOP 


:j 








I™,l 


S-BITDATA 1 2-STOP | 




ASYNCHRONOUS MODE WITH PARITY 


1 start! 


8-81T DATA 


IparityI stop I 




1 start 1 


7-B.TDATA | p.^,, | .STOP | 




1 start 1 


«-°'^"^* i PARITY 1 


2 STOP 1 




ls™,l 


5-°'"^"^* IparityI "-^o" 


n 


SHIFT register MODE e-BIT data 


., 1 


WORD M 1 


WORD M + 1 1 


SHIFT REGISTER CLOCK (PA4) 



Figure 5-2. Bit Allocations 

In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are Ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 

The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCCR5, SCCR6 and 
SCCR7. 



IFR7 = SCSR6 (SCCR5 + SCCR7) 

5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to Figure 
5-2 for a diagram of bit allocations. The receiver bit period 
is divided into 8 sub-intervals for internal synchronization. 
The receiver bit stream is synchronized by the start bit and 
a strobe signal is generated at the approximate center of 
each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit Is set to logk; 1 . 
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Input ~L 



Start Bit LSB 



3 \ — r 

Stop Bit Stop Bit 



*S«riai Input Data Shiftod In 



Figure 5-3. ASYN Receive Data Tinning 

In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock Is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



Sarial _ 
Input . 
External 




1 1 1 ;; 1 1 II 


Data In 


Shift "■ 
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Serial - 
Output _ 
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1 1 1 " 1 1 1 1 


Data Out 


Clock" 


i^j— i_r-i_^^_r-L_n_r-i_n_ 


- Serial Input Data Shifted In 
"Serial Output Data Makes Transition 



Figure 5-4. S/R IMode Timing 

A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
Information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSR 0: Receiver Data Register FulfSeWo a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
bit will not be set to a logic 1 if the received data 
contains an error condition, however, a corre- 
sponding error bit will be set to a logic 1 instead. 

SCSR 1 : Over-Run Error—Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 
Data Register. This bit is cle ared b y reading the 
Receiver Data Register, or by RES. 

SCSR 2: Parity Error—Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 



received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clea red b y reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

SCSR 4: Wake-Up— Set to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission — Set to a logic 1 by writing 
a "1" in bit position 5 of address: 016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of -Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run— Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew d ata into the Transmitter Shift 
Register, or by RES. 




RCVR Data 
Reg Full 
L RCVR Over-Run 



L Parity Error 
Frame Error 
Wake-Up 
End of Transmission 
t- XMTR Data Reg Empty 
XMTR Und*r-Run 



Figure 5-5. SCSR Bit Allocations 

5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake- Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
ten consecutive 1 's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
CbUNTER/TIMERS 



The R65F11 and R65F12 Microcomputers contain two 16-bit 
counters (Counter A and Counter B) and three 1 6-bit latches 
associated with the counters. Counter A has one 16-bit latch 
and Counter B has two 16-bit latches. Each counter can be 
independently programmed to operate in one of four modes: 



Counter A 

Pulse width 
measurement 
Pulse Generation 
Interval Timer 
Event Counter 



Counter B 

Retriggerable Interval Counter 
Asymmetrical Pulse 
Generation 
Interval Timer 
Event Counter 



Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 



6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 

Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



COUNTER UNDERFLOW 



-i I 



(UL.LL) j (UL.LL).1| 



COUNTER INTERRUPT ENABLED f~ 



COUNTER UNDERFLOW FLAG 



A 

SET ANY TIME BEFORE 
COUNTER UNDERFLOW r 



Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 0018, by writing to address 
location 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. See Table 6-1. 

Table 6-1 . Counter A Control Bits 



MORI 
(bit 1) 


MCRO 
(bit 0) 


Mode 





1 ; 
1''' 




1 



1 


Interval Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 



Figure 6-1. Interval timer Timing Diagram 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Tinner 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions:- 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-blt Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1/usto 65 535 
ms at the 1 MHz 02 clock rate or 0.5 ^s to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic IJf the Counter A Interrupt 
Enable Bit (iER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ internjpt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001 A. 

The normal output waveform Is a symmetrical square-wave, 
The.CA output is initialized high when entering the mode and 
transitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode sifter only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 



The Counter A underflow flag will be set only when the count 
in the tirrier reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6-3. 





COUNT ^ N-1 N-2 N-3 




Figure 6-3. Pulse Width Measurement 



6.1 .5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A Is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 



Figure 6.2 is a timing diagram of the Event Counter Mode. 



f 2.0V 2.0V\o.8Y -/0.8V;| 
CNTR ' ^— ^ ^ 

^*_ Tpv» '■-*- • „»_ Tpw -^ 1 
COUNT N 1 


-A 

N-1 


1 >^-2 



Figure 6-2. Event Counter Mode 



Table 6-2 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-2 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 



where 



N 



N = 



02 



16 X bps 



= decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 
^2 = the clock frequency (1 MHz or 2 MHz) 
bps = the desired data rate. 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by on^ 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 



NOTE 

In Table 6-2 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1 .5% or less are 
acceptable. A revised clock rate is included in Table 
6-2 for those baud rates which fall outside this limit. 
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Table 6-2 


. Counter A Values for Baud Rate Selection 












Clock Rate 


Standard 
Baud 
Rate 


Hexadecimal 
Value 


Actual 

Baud 

Rate At 


Needed 

To Get 

Standard 

Baud Rate 


1 MHz 


2 MHz 


1 MHz 


2 MHz 


1 MHz 2 MHz 


50 


04E1 


09C3 


50.00 


50.00 


1.0000 2.0000 


75 


0340 


0682 


75.03 


74.99 


1.0000 2.0000 


110 


0237 


046F 


110.04 


110,04 


1.0000 2.0000 


150 


01 AO 


0340 


149.88 


150.06 


1.0000 2.0000 


300 


0CX)F 


01 AO 


300.48 


299.76 


1.0000 2.000O 


600 


0067 


OOCF 


600.96 


600.96 


1.0000 2.0000 


1200 


0033 


0067 


1201.92 


1201.92 


1.0000 2.0000 


2400 


0019 


0033 


2403.85 


2403.85 


1.0000 2.0000 


3600 


0010 


0021 


3676.47 


3676.47 


0.9792 1.9584 


4800 


OOOC 


0019 


4807.69 


4807.69 


1.0000 2.0000 


7200 


0008 


0010 


6944.44 


7352.94 


1.0368 1.9584 


9600 


0006 


OOOG 


8928.57 


9615.38 


1.0752 2.0000 



occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 




Figure 6-4. Counter B. Retriggerable Interval Timer Mode 



6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16-blt latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B(LLB). Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latth G (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counted: mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1 " whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates In the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 



6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode, 
Counter B is Initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 



6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor Inten/en- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 001 D. At this point 
both Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001 E. Writing 
to address location 001 E also causes the contents of 
the 1 6-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 

3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 



CB 1 2 1 
OUTPUT- f-4 


4 

n 




1 AND 3. COUNTER B 


LATCH B (D) 




2 AND 4. COUNTER B 


LATCH C (P) 



Figure 6-5. Counter B Pulse Generation 
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SECTION 7 
POWER ON/INmALIZATION CONSIDERATIONS 



7.1 POWER-ON-RESET 

The occurrence of RES going from low to high will cause the 
R65F11 or R65F12 to reset and enter the RSC- FORTH 
Operating System. As was described in Section 3.8, upon 
reset certain system variables will be initialized. See Appendix 
C.4 for a list of these variables names, locations and con- 
tents. The external memory map will be searched for an auto 
start ROM. 



A bit pattern of A55A at a 1 K byte page boundary indicates 
that an auto start program follows. The next two bytes are 
assumed to be a pointer to the high level RSC-FORTH word 
that is the entry point to that program. Auto start programs 
is written in assembly language, rather than RSC-FORTH, 
a series of indirect pointers as shown in 3-7 can be used to 
initiate program execution. 



7.2 POWER ON TIMING 

After app licatio n of Vcc and Vrr power to the R65F11 or 
R65F12, RES must be held low for at least eight ^2 clock 
cycles after Vcc reaches operating range and the internal 
oscillator has stabilized. This stabilization time is dependent 
upon the input Vcc voltage and performance of the internal 
oscillator. The clock can be monitored at 02 (pin 3). Figure 
7-1 illustrates the power turn-on waveforms. Clock stabili- 
zation time is typically 20 ms. 



POWER ON 

XTLO -*-*'^'^'^^^'^^^AAAAJ^^ 

K CLOCK -H 

STABILIZATION 
TIME 

02 _ ---^^'^'^^'^'^^^AAAAn^ 

'02 CLOCKS 
CYCLES MIN 



RES 




Figure 7-1 . Power Turn-On Timing Detail 



7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the R65F1 1 or R65F12 
Is put In a reset state. The registers and I/O ports are con- 
figured as shown in Table 7-1 when the external ROM is 
autostarted. 

Table 7-1 . RES Initialization of I/O Ports and Registers 





7 6 5 


4 


3 2 10 


REGISTERS 

Mode Control (MCR) 

Int. Enable (lER) 

Int. Flag (IFR) 

Ser. Com. Control (SCCR) 

Ser. Com. Status (SCSR) 


1 1 1 




1 1 
1 












1 



PORTS 

PA Latch 
PB Latch 


1 1 1 
1 1 1 


1 
1 


1111 
1111 
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APPENDIX A 
R65F1 1 AND R65F1 2 INSTRUCTION SET 



This appendix contains a summary of tfie R6500 instruction 
set. For detailed information, consult the R650G Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with a * are added instructions 
for the R65F1 1 and R65F12 which are not part of th^ stan- 
dard 6502 instruction set. 

A.I INSTRUCTION SET IN ALPHABETIC SEQUENCE 



Mnemonic 


Instruction 


Mnemonic 


Instruction 


ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


"AND" Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 






LSR 


Shift One Bit Right (Memory or 


*BBR 


Branch on Bit Reset Relative 




Accumulator) 


*BBS 


Branch on Bit Set Relative 






BCC 


Branch on Carry Clear 


NOP 


No Operation 


BCS 


Branch on Carry Set 






BEQ 


Branch on Result Zero 


ORA 


"OR" Memory with Accumulator 


BIT 


Test Bits in Memory with Accumulator 






BMI 


Branch on Result Minus 


PHA 


Push Accumulator on Stack 


BNE 


Branch on Result not Zero 


PHP 


Push Processor Status on Stack 


BPL 


Branch on Result Plus 


PLA 


Pull Accumulator from Stack 


BRK 


Force Break 


PLP 


Pull Processor Status from Stack 


BVC 


Branch on Overflow Clear 






BVS 


Branch on Overflow Set 


*RMB 


Reset Memory Bit 






ROL 


Rotate One Bit Left (Memory or 


CLC 


Clear Carry Flag 




Accumulator) 


CLD 


Clear Decimal Mode 


ROR 


Rotate One Bit Right (Memory or 


CLI 


Clear Interrupt Disable Bit 




Accumulator) 


CLV 


Clear Overflow Flag 


RTI 


Return from Interrupt 


CMP 


Compare Memory and Accumulator 


RTS 


Return from Subroutine 


CPX 


Compare Memory and Index X 






CPY 


Compare Memory and Index Y 


SBC 


Subtract Memory from Accumulator with 
Borrow 


DEC 


Decrement Memory by One 


SEC 


Set Carry Flag 


DEX 


Decrement Index X by One 


SED 


Set Decimal Mode 


DEY 


Decrement Index Y by One 


SEI 


Set Interrupt Disable Status 






*SMB 


Set Memory Bit 


EGR 


"Exclusive-Or" Memory with 


STA 


Store Accumulator in Memory 




Accumulator 


STX 


Store Index X in Memory 






STY 


Store Index Y in Memory 


INC 


Increment Memory by One 






INX 


Increment Index X by One 


TAX 


Transfer Accumulator to Index X 


INY 


Increment Index Y by One 


TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 


JMP 


Jump to New Location 


TXA 


Transfer Index X to Accumulator 


JSR 


Jump to New Location Saving Return 


TXS 


Transfer Index X to Stack Register 




Address 


TYA 


Transfer Index Y to Accumulator 
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33 
Oi 


















PROCESSOR STATUS 


INSTRUCTIONS 












R65F11 AND R65F12 ADDRESS MODES 


CODES 


MNEMONIC 


OPERATION 


IMMEDIATE 


ABSOLUTE 


ZERO P^GE 


ACCUM. 


IMPLIED 


(IND, X) 


(IND). Y 


Z. PAGE, X 


ABS, X 


ABS, Y 


RELATIVE 


INDIRECT 


Z PAGE. V 


BIT ADDRESSING <0P BY BIT #) 


7 6 5 4 3 2 10 


OP 


n 


# 


OP 


3 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


JL 


# 


OP 


n 


* 


OP 


n 


# 


OP 


n 


# 


■^ 


3 


# 


OP 


n 


# 


OP 


r» 





OP 


n 


# 





1 


2 


3 


4 


5 


6 


7 


N V • 


B D 1 Z C 


ADC 


A-M-O-A (4)(1) 


69 


2 


2 


Id 


4 


V 


"bT 


3 


2 














eT" 


6 


T 


"TT 


5 


2 


"ts" 


4 


2 


"to" 


4 


3 


79 




T 




































N V • 


. . • Z C 


AND 


A M— A (1) 


29 


2 


2 


2D 


4 


3 


25 


3 


2 














21 


6 


2 


31 


5 


2 


35 


4 


2 


30 


4 


3 


39 


4 


3 




































N . • 




Z • 


ASL 


C^ n 01 -0 








OE 


6 


3 


06 


5 


2 


OA 


2 


"1 




















16 


6 


2 


IE 


7 


3 










































N . ■ 




Z C 


BBR(#(0-7)! 


Branch on M, - (5) (2) 
















































































OF 


IF 


2F 


3F 


4F 


5F 


6F 


7F 














BBS{#(0-7)1 


Branch on M, - 1 (5)j2) 
















































































8F 


9F 


AF 


BF 


OF 


DF 


•EF 


FF 














BCC 


Branch on C (2) 






























































90 


2 


2 










































BCS 


Branch on 1 (2) 






























































BO 


2 


2 










































BEQ 


Branch on Z 1 (2) 






























































FO 


2 


2 










































BIT 


AAM 








2C 


4 


3 


24 


3 


2 














































































W 


■ M. 










BMI 


Bfanch on N 1 (2) 






























































30 


2 


2 










































BNE 


Branch on Z (2) 






























































DO 


2 


2 










































BPL 


Branch on N (2) 






























































10 


2 


2 










































BRK 


Break 


























00 


7 


1 














































































BVC 


Branch on V - (2) 






























































50 


2 


2 










































BVS 


Branch on V-1 (2) 






























































70 


2 


2 










































CLC 


0-C 


























18 


2 


1 














































































CLD 


-D 


























08 


2 


1 














































































CLI 


-1 


























58 


2 


t 














































































CLV 


-V 


























88 


2 


1 















































































CMP 


A M (1) 


C9 


2 


2 


CD 


4 


3 


C5 


3 


2 














C1 


6 


2 


D1 


5 


2 


05 


4 


2 


DD 


4 


3 


09 


4 


3 




































H ■ 




z C 


CPX 


X M 


EO 


2 


2 


EC 


4 


3 


E4 


3 


2 














































































N . 




z c 


CPY 


Y M 


CO 


2 


2 


CC 


4 


3 


C4 


3 


2 














































































N . 




z c 


DEC 


M 1-M 








CE 


6 


3 


C6 


5 


2 


























06 


6 


2 


DE 


7 


3 










































N ■ 




z • 


DEX 


X 1-X 


























CA 


2 


1 


































































N . 




z 




DEY 


Y l-Y 


























88 


2 


1 


































































N ■ 




z 




EOR 


AVM-A (1) 


49 


2 


2 


4D 




3 


45 


3 


2 














41 


6 


2 


51 


5 


2 


55 


4 


2 


5D 


4 


3 


59 


4 


3 




































N ■ 




z 




INC 


M- 1--M 








EE 


6 


3 


E6 






























F6 


6 


2 


FE 


7 


3 










































N ■ 




z 




INX 


X- 1 -X 


























E8 


2 


1 


































































N • 




z 




INY 


Y- 1 -Y 


























ca 


2 


1 


































































N . 




z 




JMP 


Jump to New Loc 








4C 


3 


3 
























































6C 


5 


3 
































JSR 


Jump Sub 








20 


6 


3 




























































































LDA 


M-A (1) 


A9 


2 


2 


AD 


4 


3 


A5 


3 


2 














At 


6 


2 


B1 


5 


2 


B5 


4 


2 


BD 


4 


3 


B9 


4 


3 




































N . 




z 




LDX 


M-X (1) 


A2 


2 


2 


AE 


4 


3 


A6 


3 


2 






































BE 


4 


3 














86 


4 


2 


















N . 




z 




LDY 
LSR 


M-Y (1j 


AO 


2 


2 


AC 
4E 


6 


3 

3 


A4 
46 


3 
5 


2 
2 


4A 


2 


^ 




















B4 
56 


4 
6 


2 
2 


BC 
5E 


7 


3 
3 










































N • 

. 




^cl 


0-i7 0|-C 


NOP 


No Operation 


























EA 


2 


1 










































































ORA 


AVM-A(I) 


09 


2 


2 


OD 


4 


3 


05 


3 


2 














01 


6 


2 


11 


5 


2 


15 


4 


2 


ID 


4 


3 


19 


4 


3 




































N • 




z 




PHA 


A-^Ms S 1-S 


























48 


3 


1 ■ 










































































PHP 


P-Ms S 1-S 


























08 


3 


1 










































































PLA 


Sl-S Ms-^A 


























68 


4 


1 


































































N . 




z 




PLP 


S-1-S Ms-^P 


























28 


4 


1 




































































(Restored 




RMB(#(0-7)] 


0-*M, (5) 
















































































07 


17 


27 


37 


47 


57 


67 


77 








ROL 


^47- flh— ^ 








2E 


6 


3 


26 


5 


2 


2A 


2 


1 




















36 


6 


2 


3E 


7 


3 










































N • 




z c 


ROR 

RTI 


HCh-^^r'dK 








6E 


6 


3 


66 


5 


2 


6A 


2 


1 


40 


6 


^ 














76 


6 


2 


7E 


7 


3 










































N • 


(Restored 


• z c 


Rtrn inl 


RTS 


Rtrn Sub 


























60 


6 


1 








































































SBC 


A M C-A {1)(4) 


E9 


2 


J 


ED 


4 


3 


E5 


3 


2 














El 


6 


2 


F1 


5 


2 


F5 


4 


2 


FO 


4 


3 


F9 


4 


3 




































N V 




• Z (3) 


SEC 


I^C 


























38 


2 


1 






































































. . 1 


SEP 


1-D 


























F8 


2 


1 










































































• 1 


SEI 


1-T 


























78 


2 


1 














































































SMBl#(0-7)] 


1--M, (5) 
















































































87 


97 


A7 


B7 


C7 


07 


E7 


F7 














STA 


A-W 








8D 


4 


3 


85 


3 


2 














81 


6 


2 


91 


6 


2 


95 


4 


2 


90 


5 


3 


c , 


5 


3 
















































STX 


X-M 








8E 


4 


3 


86 


3 


2 
























































96 


4 


2 






























STY 


Y-M 








8C 


4 


3 


84 


3 


2 


























94 


4 


2 




























































TAX 


A^X 


























AA 


2 


1 


































































N • 




• z 




TAY 


A-Y 


























A8 


2 


1 


































































N . 




• z 




TSX 


s-x 


























BA 


2 


1 


































































N . 




• z 




TXA 


X-A 


























8A 


2 


1 


































































N ■ 




. z 




TXS 


x-s 


























9A 


2 


1 










































































TYA 


Y-A 


























98 


2 


J_ 



































































N . 


• • • ■'■! 



NOTES 

1 . Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch o<x:urs to same page 
Add 2 to N if branch occurs to different page 

3. Carry not = Borrow 

4. If In decimal mode Z flag is invalid 
accumulator must be checked on zero result. 

5. Effects 8-l3it data field of the specified zero page address. 



LEGEND 

X = Index X 

Y = Index Y 

A = A(x:umutator 

M = Memory per effective «Jdress 

M, = Memory per stack pointer 

Mft = Selecter zero page memory bit 

M, = Memory Bit 7 



= Memory Bit 6 

= Add 

= Subtr»t 

= And 

= Or 

= Exclusive Or 

= Number of cycles 

:^ Number of Bytes 



in 
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A.3 INSTRUCTION CODE MATRIX 



BRK 

Implied 

1 7 


ORA 

(IND. X) 

2 6 








ORA 
ZP 

2 3 


ASL 
ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 
1 2 






ORA 
ABS 

3 4 


ASL 
ABS 
3 6 


BBRO 

ZP 
3 5" 


BPL 
Relative 
2 2" 


ORA 
(IND). Y 
2 5* 








ORA 
ZP.X 
2 4 


ASL 
ZP.X 
2 6 


RMB1 
ZP 

2 5 


CLC 

Implied 

1 2 


ORA 
ABS. Y 
3 4* 








ORA 
ABS,X 
3 4' 


ASL 

ABS.X 

3 7 


BBR1 

ZP 

3 5" 


JSR 

Absolute 

3 6 


AND 

(IND. X) 

2 6 






BIT 
2P 
2 3 


AND 
ZP 

2 3 


ROL 
ZP 

2 5 


RMB2 
ZP 
2 5 


PLP 

Implied 

1 4 


AND 
IMM 
2 2 


ROL 
Accum 
1 2 




BIT 
ABS 
3 4 


AND 
ABS 
3 4 


ROL 
ABS 
3 6 


BBR2 

ZP 
3 5" 


Relative 
2 2" 


AND 
(IND, Y) 
2 5* 








AND 
ZP, X 
2 4 


ROL 
ZP.X 
2 6 


RMB3 
ZP 
2 5 


SEC 

Implied 

1 2 


AND 
ABS. Y 
3 4* 








AND 
ABS, X 
3 4* 


ROL 

ABS.X 

3 7 


BBR3 

ZP 
3 5" 


RTI 

Implied 

1 6 


EOR 

(IND, X) 

2 6 








EOR 
ZP 
2 3 


LSR 
ZP 
2 5 


RMB4 
ZP 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 

Accum 

1 2 




JMP 
ABS 
3 3 


EOR 
ABS 

3 4 


LSR 
ABS 
3 6 


BBR4 

ZP 
3 5" 


BVC 
Relative 
2 2" 


(INd). Y 
2 5* 








EOR 
ZP, X 
2 4 


LSR 
ZP.X 
2 6 


RMB5 
ZP 
2 5 


CLI 

Implied 

1 2 


EOR 
ABS, Y 
3 4* 








EOR 
ABS.X 
3 4* 


LSR 

ABS.X 

3 7 


BBR5 

ZP 
3 5" 


RTS 

Implied 

1 6 


ADC 

(IND. X) 

2 6 








ADC 

2P ' 
2 3 


ROR 
ZP 

2 5 


RMB6 
ZP 
2 5 


PLA 
Implied 

1 4 


ADC 

IMM 
2 2 


ROR 

Accum 
1 2 




JMP 

Indirect 

3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 


BBR6 

ZP 
3 5" 


BVS 
Relative 
2 2" 


ADC 
(IND, Y) 
2 5* 








ADC 
ZPX 
2 4 


ROR 
ZP.X 
2 6 


RMB7 
ZP 
2 5 


SEI 

Implied 

1 2 


ADC 
ABS, Y 
3 4* 








ADC 
ABS.X 
3 4- 


ROR 

ABS.X 

3 7 


BBR7 

ZP 
3 5" 




STA 

(IND, X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 

2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 

1 2 




TXA 

Implied 

1 2 




STY 
ABS 
3 4 


STA 
ABS 
3 4 


STX 
ABS 

3 4 


BBSO 

ZP 
3 5" 


BCC 
Relative 
2 2" 


STA 

(IND, Y) 

2 6 






STY 
ZP.X 
2 4 


STA 
ZP.X 
2 4 


STX 
ZP, Y 
2 4 


SMB1 
ZP 
2 5 


TYA 

Implied 

1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied 
1 2 






STA 
ABS.X 
3 5 




BBS1 

ZP 

3 5" 


LDY 
IMM 
2 2 


LDA 

(IND, X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
2p 

2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
2 5 


TAY 

Implied 

1 2 


LDA 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 

ZP 
3 5" 


BCS 
Relative 
2 2" 


LDA 
(IND), Y 
2 5* 






LDY- 
ZP.X 
2 4 


LDA 
ZP, X 
2 4 


LDX 
ZP, Y 
2 4 


SMB3 
ZP 

2 5 


CLV 

Implied 

1 2 


LDA 
ABS,Y 

3 4* 


TSX 

Implied 
1 2 




LDY 
ABS.X 
3 4- 


LDA 
ABS.X 

3 4* 


LDX 
ABS.Y 

3 4* 


BBS3 

ZP 
3 5" 


CPY 
IMM 
2 2 


CMP 

(IND, X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 
1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 

ZP 
3 5** 


BNE 
Relative 
2 2" 


CMP 
(IND),Y 
2 5* 








CMP 
ZP, X 
2 4 


DEC 
ZP,X 
2 6 


SMB5 
ZP 
2 5 


CLD 

Implied 

1 2 


CMP 
ABS. Y 
3 4* 








CMP 
ABS.X 
3 4* 


DEC 

ABS, X 

3 7 


BBSS 

ZP 
3 5** 


CPX 
IMM 
2 2 


SBC 

(IND, X) 

2 6 






CPX 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 

2 5 


SMB6 
ZP 
2 5 


INX 

Implied 

1 2 


SBC 
IMM 

2 2 


NOP 

Implied 
1 2 




CPX 
ABS 
3 4 


SBC 
ABS 
3 4 


INC 
ABS 
3 6 


BBS6 

ZP 
3 5** 


BEQ 
Relative 
2 2" 


JBC 
(IND), Y 
2 5* 








SBC 
ZP, X 
2 4 


INC 
ZP, X 
2 6 


SMB7 
ZP 
2 5 


SED 

Implied 

1 2 


SBC 
ABS, Y 
3 4' 








SBC 
ABS.X 
3 4* 


INC 

ABS, X 

3 7 


BBS7 
ZP 

3 5" 



BRK 

Implied 

1 7 



—OP Code 

—Addressing Mode 

—Instruction Bytes; Machine Cycles 



'Add 1 to N if page boundary is crossed. 
'*Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 





























7 


II 
















1 A J ACCUMULATOR A MCR 1 7 1 


e 1 s 


4 


3 


2 


1 





AddrO0l4 


7 ' T * 

[ Y 1 INDEX REGISTER Y Y 




1 1 <iounter'A 
Counter B Mode Select 
Mode Select o- o Interval Timer 

1 Event Counter 

1 — 1 Pulse Width Meas. 


7 
1 X i INDEX REGISTER X X 




15 7 


^ II 

] PROGRAM COUNTER PC Bus Mod« Select 

) 1 1 


1 PCH 1 POL 


7 


1 SP 1 STACK POINTER S 


, 1 






7 


1 

1 PROCESSOR STATUS REG P 




Port B Latch 




InIvI Is loll Izlc 




(1 = Enable) 




L Port D Tri-Stato 


CPU Registers 


(0 -■ Tri-State High Impedance Mode) 
1 Mux d But 


Mode Control Register 




7 6 S 4 3 2 10 






N 


V 


B 


1 Z 


c 












L-CARRY 

1 = Car 
— Car 

_ ZERO (Z) 


O© 




l^L -1^1 


' fh 


3 


2 


1 


Addr 001 1 


1 












L_ 










1 =£ero Mesui 
= Non-Zero P 

L INTERRUPT DISABLE ( 


«"" IErI 7 




3 . , 


1 ° 


Addr 0012 


')(D I 










[_ PAO Positive 








1 -TRQ Interrupt Disabled 










Edge Detect 








: IRQ Interrupt Enabled 










PA1 Positive 
















Edge Detect 








- DECIMAL MODE(D)0 








PA2 Negative 








1 — Decimal Mode 






Edge Detect 








-= Binary Mode 






PA3 Negative 












Edge Detect 1 






- BF 


EAK COMMAND (B)0 




. Countar A 






1 = Break Command 








= Non Break Command 


L CoyntarB 
Undarflow Flafl 




- 


OVERFLOW (0) (T) 


RCVR 




1 


Flag 




1 ■:= Overflow Set j^y^j 


R 




= Overflow Clear *- p|,Q 


> 


NEGATIVE (N) 


NOTES 


IZ'^IMT ^Z:[1^,Z^ lnt.m,ptEn.bl. and Flag R.g..fr. 


Processor Status Register 


SCCR 


7 


6 5 


4 3 2 


1 





AddrOOIS SCSR 7 


• -1 


4 


3 


2 


1 





Addr 0016 










OMHId Parity 












L ** 


CVR Data 












1'>^Evan Parity 












Reg Full 












Parity Oitaliia 












- RCVR Ower.Run 










- 1 Parity EnatMa 1 


















0--8Brt«/Ch«r 










- Parity Error 








1*^7 Bits/Char 
















1 0'^6Bltt/Char 






- Fram* Error 








1 l~5Bits/Char 






Wake-Up 






XMTR <. RCVR ASYN Mod* 




1 






1 XMTR ASYN. RCVR S/R 








1 X XMTR S/R. RCVR ASYN 


- XMTR Data Rag Empty 






RCVR OftabI* 






^ 1 RCVR EiMbi* L XM 


TR Under-Run 




>- XMTR Diubl* 1 


1 XMTR EnaM* Serial Communications Status Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 

MAPS/PIN FUNCTIONS 



C.i I/O AND INTERNAL REGISTER ADDRESSES 



ADDRESS 
(HEX) 


READ 


WRITE 


001F 
IE 
ID 
1C 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Upper Latch B, Cntr B^Latch B, CLR Flag 
Upper Latch B. Latch C^Latch B 
Lower Latch B. 


IB 
1A 
19 
18 


Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Upper Latch A, Gntr A^Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


17 
16 

15 -■■:■■■'■: 
14 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Serial Transmitter Data Register 
Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Mode Control Register 


■■ ■13 
12 
11 
10 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Interrupt Enable Register 

Clear Int Flag (Bits 0-3 only, Write O's only) 


OF 
OE 
OD 
OC 


., ^ 


-~ 


08 
OA 
09 
08 


-- 





07 
06 
05 
04 


Port G* 
PortF* 
PortE* 


Port G* 
PortF* 
PortE* 


03 

02 

01 

0000 


Port B 
Port A 


Ports 
Port A 



NOTE: •R65F12 Only 
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C.2 MULTIPLE FUNCTION 
PIN ASSIGNMENTS- 
PORT C AND PORT D 



C.3 MULTIPLEXED MODE 
MEMORY MAP 



PIN 


lyO PORT 




NUMBER 


FUNCTION 
REPLACED 


MULTIPLEXED PORT 
FUNCTION 


R65F11 


R65F12 


4 


25 


POO 


AO 


5 


26 


PCI 


A1 


6 


27 


PC2 


A2 


7 


28 


PC3 


A3 


8 


29 


PC4 


A12 


9 


30 


PCS 


R/W 


10 


31 


PC6 


A13 


11 


32 


PC7 


EMS 


19 


40 


PDO 


A4/D0 


18 


39 


PD1 


A5/D1 


17 


38 


PD2 


A6/D2 


16 


37 


PD3 


A7/D3 


15 


36 


PD4 


A8/D4 


14 


35 


PD5 


A9/D5 


13 


34 


PD6 


A10/D6 


12 


33 


PD7 


A11/D7 



FFFE 
FFFC 
FFFA 



— y-3FFF 

_J_ 



"OOFF 



0040 
001F 
0000 



External Memory 
(16384-2S6) 
Mux'd Addr Mode 



Internal Ram (192) 



I/O « Registers 



/ 

/ 
/ 

/ 

/ 
/ 


Internal 
Registers 


001F 
0010 


/ 
/ 


Reserved 


OOOF 


/ 
/ 


I/O Ports e. F, G 
(R6500/12Q Only) 


0006 
0004 




I/O Ports A, B. C, D 


0000 



C.4 SYSTEM VARIABLES IN RAM 







COLD START 


WARM START 


ADDRESS 


NAME 


VALUE 


VALUE 


0040 


IRQVEC 


(COLD) 


_ 


0042 


NMIVEC 


(COLD) 


— 


0044 


UKEY 


(INK) 


(INK) 


0046 


UEMIT 


(OUT) 


(OUT) 


0048 


UP 


0300 


0300 


004 A 


INTFLG 


00 


00 


004B 


(W-1) 


6C 


6C 


004C 


W 


— 


— 


004E 


IP 


— 


^ 


0050 


(N-1) 


— 


— 


0051 


N 


— 


— 


0059 


XSAVE 


- — 


__ 


005B 


INTVEC 


(COLD) 


— 


005D 


IDS 


— 


— 


0300 


TIB 


0380 


0380 


0302 


RO 


OOFF 


OOFF 


0304 


SO 


00C2 


00C2 


0306 


UC7L 


0060 


— 


0308 


UPAD 


037E 


— 


030A 


UR/W 


(DISK) 


— 


030C 


BASE 


0010 


— 


030E 


CLD/WRM 


— . 


— 


0310 


IN 


_ 


— 


0312 


DPL 


~ 


— 


0314 


HLD 


— 


— 


0316 


DISKNO 


^ 


__ 


0318 


CURCYL 


__ 


_ 


031 C 


B/SIDE 


— 


— 
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O 
O 

§1 

< 
o 

QL 

>■ 



85 S 83 



?-^.8 



3JJ 



fill 



k 



Mz 



^ 



59359 SSSS 



gggi.JSgSsi {gig 



Sggssfsfe 






RlC 



rI 



-'s 



If 












r 






-51 



le e 






r 



n 



4lH 
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APPENDIX E 
ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


VcC&Vrr 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 


'T,,, :,,.■■:' 


to +70 


«C 


Storage Temperature 


TsTG 


-55 to +150 


oc 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these Or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 




DC CHARACTERISTICS 

(Vcc = 5V ±5%, Vss = 0, Ta = to 70*»C) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Power Dissipation (Outputs High) 
Commercial at 25°C 


Pd 


^ ' 




1000 


mW 


RAM Standby Voltage (Retention Mode) 


Vrr 


3.0 


— 


Vcc 


Vdc 


RAM Standby Current (Retention Mode) 
Commercial at 25*'C 


•rr 





4 


. 


mAdc 


Input High Voltage (Except XTLI) 


V,H 


+ 2.0 


^ 


Vcc 


Vdc 


Input High Voltage (XTLI) 


V,H 


+ 4.0 


__ 


Vcc 


Vdc 


Input Low Voltage 


V,L 


-0.3 


— 


+ 0.8 


Vdc 


input Leakage Current (RES, NMI) 
Vin = to 5.0 Vdc 


l|N 






± tpo 


MAdc 


Input Low Current PA, PB, PC, PF*. and PG* 
(V|L = 0.4 Vdc) 


•iL 


~' :, 


' -:1.-0 '".:., 


. T^'^ 


mAdc 


Output High Voltage (Except XTLO) 
(Iload = -lOOMAdc) 


VOH 


+ 2.4 


— , 


Vcc 


Vdc 


Output Low Voltage 
('load ' 1.6mAdc) 


Vol 


_ 


— 


'■"+0.4 


Vdc 


Darlington Current Drive, PE* 
(Vo = 1.5 Vdc) 


•oh 


-1.0 


"^ 


,_ 


mAdc 


Input Capacitance 
(Vin ~0, Ta = 25»C, f = 1.0 MHz) 
PA, PB. PC, PD. PF*. and PG* 
XTLI, XTLO 


Cin 


, — ■• 


- 


1P 
50 


pF 


I/O Port Pull'Up Resistance 
PA0-PA7, PB0-PB7, PC0-PC7. PF0-PF7 and PG0-PG7 


Rl 


3.0 


6.0 


11.5 


KQ 


Output Leakage Current 
Tri-State l/Os while in High impedance State 


'out 


' __' 


' '"„,•: 


±10 


AtAdc 


Tri-State l/Os while in High Impedance State 
V,N = OV, Ta = 25*>C, f = 25*C, f =» 1.0 MHz 


Cqut 


- ■ 


- 


10 


pF 


Note: Negative sign indicates outward current flow, positive indicates inward flow. *R65F12 only. 
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APPENDJXF 
TIMING REQUIREMENTS AND CHARACTERISTICS 



F.1 GENERAL NOTES 

1 - Vcc = 5V ± 5%, 0°C ^ TA ^ 70'C 

2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V, unless 
othenvise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
t)elow: 



F.2 CLOCK TIMING 



PA, PB, PE. PF, PG 



— 50pf maximum 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TcYC 


Cycle Time 


1000 


10 /xs 


500 


10 ms 


Tpwxi 


XTLI Input Clock 
Pulse Width 
XTLO = VSS 


500 
± 25 


;.•—- 


250 
± 10 




TpW02 


Output Clock Pulse 
Width at Minimum 
TcYc 


Tpwxi 


Tpwxi 

:..±;25,> 


Tpwxi 


Tpwxi 
±20 


Tr.Tp 


Output Clock Rise, 
Fall Time 


■~ 


25 


— 


15 


T,R, T,p 


Input Clock Rise, 
Fall Time 


,;■ ■ : ~ ■:: 


10 




10 
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F.3 MULTIPLEXED MODE TIMING— PC AND PD 



(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TpcRS 


{PC5) FVW Setup Time 


— 


225 


_ 


140 


TpCAS 


{PC0-PC4, PC6) Address Setup Time 


— 


225 


— 


140 


TpBAS 


(PD) Address Setup Time 




225 


— 


140 


TpBSU 


(PD) Data Setup Time 


50 


— 


35 


- 


TpBMR 


(PD) Data Read Hold Time 


10 


— 


10 


— 


"TpBHW 


(PD) Data Write Hold Time 


30 


— 


30 


— 


TpBDD 


(PD) Data Output Delay 


— 


175 


■ — 


150 


TpCHA 


(PC0-PC4, PC6) Address Hoia Time 


30 


— 


30 


— 


TpBHA 


(PD) Address Hold Time 


10 


100 


10 


80 


TpCHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


TpCHV 


(PC7) EMS Hold Time 


10 


- 


10 


- 


Tpcvo'" 


(PC7) Address to EMS Delay Time 


30 


~ 


30 


- 


Tpcvp 


(PC7) EMS Stabilization Time 


30 


- 


30 


- 


Tesu 


EMS Set Up Time 


- 


350 


- 


210 




NOTE 1: Values assume PC0-PC4, PC6 and PC7 have the same capacitive load. 



F.3.1 Multiplex Mode Timing Diagram 



02 



R/W 
(PC5) 



EMS 
(PC- 7) 



TPCHA — 



PC0-PC4, 
PC6 



PDO- 
PD7 



READ 

/ 

7- 



TPCHR 



TPCRS 



"^- 



.r 



■\. 



TPCAS 



TPBAS 



- TPBHA 



WRITE 



-C 



^ 



TPCHV 



TPCVP 



\ 



TPBSU 



\_ 



TPBDD 



3^^CD^^ 



il 



y 



> 



-TPCVP 



TPBHR 



TPBHW 
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F.4 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 



SYMBOL 


PARAMETER 


1MHz 


2 MHz 


MiN 


MAX 


MIN 


MAX 


TCMOS^^' 


InternalWrite to Peripheral Data Valid 
PA, PBTTL 
PA, PB CMOS 


- 


500 
1000 


- 


500 
1000 


TpDSU 


Peripheral Data Setup Time 
PA, PB 


200 





200 





TpHR 


Peripheral Data Hold Time 
PA. PB 


75 





75 





Tepw 


PA0-PA3 Edge Detect Pulse Width 


JCYC 


— 


TcYC 


— 


Tcpw 
Tcd"' 


Counters A and B 
PA4, PA5 Input Pulse Width 
PA4, PAS Output Delay 


TcYC 


500 


TcYC 


500 


T'pBLVV 
TpLSU 
TpBLH 


Port B Latch Mode 
PAO Strobe Pulse Width 
PB Data Setup Time 
PB Data Hold Time 


TcYC 

175 
30 


- 


TcYC 

150 
30 




Tcpw 

TPDW^^' 
TCMOS'^^ 


Serial I/O 
PA6 XMTR TTL 
PA6 XMTR CMOS 
PA4 RCVR S/R Clock Width 
PA4 XMTR Clock— S/R Mode (TTL) 
PA4 XMTR Clock— S/R Mode (CMOS) 


4 TcYC 


500 
1000 

500 
1000 


4TcYC 


500 
1000 

500 
1000 



NOTE 1 : Maximum Load Capacitance: 50pF Passive Pull-Up Required. 
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F.4.1 I/O Edge Detect, Counter, and Serial I/O Timing 



PA0-PA7 - 
PB0-PB7 
PC0-PC7 
PD0-PD7 



EDGE DETECTS 
(PA0-PA3) 



CNTR 
PA4, PAS 



CNTR 
(PA4, PAS) 



J 



X 



T 



1.5V 



PA0-PA7 
PB0-PB7 



PB 

(LATCH MODE) 



PAO 



STROBE 




A 



1.SV 



TPHR 



TEPW 



:< 



1J|Vj' 



TCPW 



1.SV 



TCPW 



""\ 



TCD 




TPDW 



0.4V 



TCMOS 



X 



jf^ 



-TpLSU-H^*" 



VDD— 30% 



X 



■^ 
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APPENDIX G 
INCLUDED FORTH FUNCTIONS IN ROM 



BANKEXECUTE 


BANKEEC! 


BANKC@ 


BANKC! 


EEC! 


• 


.R 


D. 


? 


#S 


# 


SIGN 


D.R 


<# 


SPACES 


SEEK 


#> 


DWRITE 


DREAD 


SELECT 


INIT 


M/MOD 


*/ 


*/MOD 


DISK 


/ 


/MOD 


• „ 


MOD 


M* 


MAX 


MIN 


M/ 


ABS 


D+- 


+ - ■ 


DABS 


COLD 


(NUMBER) 


HOLD 


S->D 


ERASE 


FILL 


QUERY 


BLANKS 


(.") 


-TRAILING 


TYPE 


EXPECT 


DECIMAL 


HEX 


-DUP 


COUNT 


PICK 


ROT 


> 


SPACE 


U< 


= 


- ...■, ■ 


< 


1- 


2+ 


. 1 + 


2- 


C/L 


HLD 


DPL 


PAD 


CLD/WRM 


BASE 


UR/W 


IN * 


UC/L 


RO 


SO 


UPAD 


BL 


4 


3 


TIB 


1 '■ 





C! 


2 


C@ 


@ 


TOGGLE 


■;!"'■ ■ 


BOUNDS 


2DUP 


DUP 


■f! 


2DR0P 


DROP 


OVER 


SWAP 


NEGATE 


0+ 


+ '■ 


DNEGATE 


0=^ 


R 


R> 


0< 


LEAVE 


;S 


RP@ 


>R 


SP! 


SP@ 


XOR 


RP! 


AND 


U/ 


U* 


OR 


CR 


VrtRMINAL 


KEY 


CMOVE 


ENCLOSE 


(FIND) 


DIGIT 


EMIT 


(+LOOP) 


(LOOP) 


OBRANCH 


(DO) 


EXECUTE 


CLIT 


LIT 


BRANCH 
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R65FRX AND R65FKx 

RSC FORTH 

DEVELOPMENT AND KERNEL ROMS 



INTRODUCTION 

The Rockwell Single Chip (RSC) FORTH System can be con- 
figured using the R65F11, R65F12 microcomputers or the 
R6501Q ROM-less microcomputer. One of these microcom- 
puters, when used in conjunction with a development ROM and 
a FORTH kernel ROM, provide the designer with maximum flex- 
ibility when developing FORTH applications. 

RSC-FORTH is based on the popular fig-FORTH model with 
extensions. The R65F11 and R65F12 both have the kernel of 
the high level Rockwell Single Chip RSC-FORTH language con- 
tained in the preprogrammed ROM. The R65FK2 and R65FK3 
Kernel ROMs are preprogrammed ROMs for use with the 
R6501Q when developing larger applications requiring more 
memory and I/O line support. All of the run time functions of the 
RSC-FORTH are contained in these ROMs, including 16- and 
32-bit mathematical, logical and stack manipulation, plus 
memory and input/output operators. The RSC-FORTH Operating 
System allows an external user program written in RSC-FORTH 
or Assembly Language to be executed from external EPROM, 
or development of such a program under the control of the 
R65FR1 . R65FR2 or R65FR3 RSC-FORTH Development ROMs. 

This document describes five different RSC-FORTH system con- 
figurations using the development and kernel ROMs. 

ORDERING INFORMATION 



Part No. 


Description 


R65FR1P 

R65FR2P 

R65FR3P 

R65FK2P 

R65FK3P 

R65F11P 

R65F11AP 

R65F12Q 

R65F12AQ 

R6501Q 

R6501AQ 


FORTH Development ROM for R65F11 or R66F12 
FORTH Development ROM for R6501Q 
FORTH Development ROM for R6501Q 
FORTH Kernel ROM for R6501Q 
FORTH Kernel ROM for R6501Q 
40-Pin FORTH Based Microcomputer at 1 MHz 
40-Pln FORTH Based Microcomputer at 2 MHz 
64-Pin FORTH Based Microcomputer at 1 MHz 
64-Pin FORTH Based Microcomputer at 2 MHz 
64-Pin One-Chip Microprocessor at 1 MHz 
64-Pin One-Chip Microprocessor at 2 MHz 


Order No. 


Description 


2145 

2146 

2148 
2162 


R6501O One-Chip Microprocessor Product 

Description 

R65F11 and R65F12 FORTH Based Microcomputer 

Product Description 

RSC-FORTH User's Manual 

Application Note: A Low-Cost Development Module 

for the R65F1 1 FORTH Microcomputer 



FEATURES 

• R65FR1 FORTH Development ROM 

— 8K ROM 1 

—-Addressable from $2000 through $3FFF in FORTH devel- 
opment configuration memory map 
— R65F11 and R65F12 compatible | 

—Operates in the R65F11/F12 FORTH development 
configuration 

• R65FR2 FORTH Development ROM 
— 8K ROM 

—Addressable from $4000 through $5FFF in the FORTH 

development configuration memory map 
— R6501Q compatible for use in emulation of the R65F1 1/F12 

FORTH development configuration 

• R65FR3 FORTH Development ROM 
— 8K ROM 

—Addressable from $0000 through $DFFF in the FORTH 

development configuration memory map 
—Operates in the R6501Q FORTH development 

configuration 

• R65FK2 FORTH Kernel ROM 
— 4K ROM 

—Addressable from $F400 through $FFFF in the FORTH 

development configuration memory map 
— R6501Q compatible for use in the emulation of the 

R65F11/F12 FORTH development configuration 
—Replaces the FORTH kernel contained in the R65F1 1 and 

R65F12 microcomputers during development 

• R65FK3 FORTH Kernel ROM 
— 4K ROM 

—Addressable from $F400 through $FFFF in the FORTH 
development and production configuration memory maps 

— R6501Q compatible 

—Operates in the R6501Q FORTH development and produc- 
tion configurations 

RSC-FORTH SYSTEM CONFIGURATIONS 

The three configurations of the RSC-FORTH System are iden- 
tified by the CPU-Development ROM combinations listed below: 

RSC-FORTH System Configurations 




CPU 


Kernel 
ROM 


Development 
ROM 


RSC 
Configuration 


R65F11 
R65F12 
R6501Q 
R6501Q 


none 
none 
R65FK2 
R66FK3 


R65FR1 
R65FR1 
R65FR2 
R65FR3 


1 
1 
2 
3 



Document No. 29651 N80 
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RSC-FORTH CONFIGURATION 1 (R65FR1) 

R65F11/R65F12 DEVELOPMENT AND PRODUCTION 

The RSC-FORTH Configuration 1 provides the designer with a 
FORTH development and application environment at a minimal 
cost. The application program is developed using an R65F1 1 
or R65F12 microcomputer, an R65FR1 Development ROM and 
external RAM. Up to 8K bytes of RAM space is available using 
this configuration. However, Configuration 1 is limited to 5K or 
less bytes of RAM during dev^lopmenta This is the result of 
allocating 2K bytes of RAM for disk buffers and at least 1 K bytes 
of RAM for the "Program heads". The prograrn heads are con- 
tained in a dictlbhary containing the Name (NFA), Link Field 
Address (LFA) and the Parameter Field Address Pointer (PFA). 
This dictionary is a list of FORTH word words and user-defined 
FORTH words used in the development of a FORTH program 
and is not present during the execution of the FORTH program. 



Although programs may reside in the upper 8K bytes of memory 
area, normally filled by the R65FR1 Development ROM, it is dif- 
ficult to develop code for that area using this configuration of 
the RSC-FORTH System. 

The difference in using the R65F11 or the R65F12 Is in the 
number of I/O lines available to the user. The R§5F1 1 supports 
16 I/O lines, the R65F12 supports 40 I/O lines; 

Figure 1 shows the development and production configurations 
for the R65F1 1/F12. Configurations 1 A and 1B list the features, 
mblTiOry maps, and the relationship of the R65F1 1 andR65F12 
to the R65FR1 Development ROM in the development and pro- 
duction environment. 



R65F11/ 
R65F12 
MICRO- 
COMPUTER 



o 



C 



APPLICATION 

DEVELOPMENT 

RAM 

s8K BYTES 



^ 



R65FR1 

DEVELOPMENT 

ROM 

8K BYTES 



DEVELOPMENT 



R65F11/ 
R65F12 
MICRO- 
COMPUTER 



o 



C 



APPLICATION 

EPROM 
<8K BYTES 



O 



APPLICATION 

RAM 
(OPTIONAL) 



PRODUCTION 



Figure 1. R65FR1 Configuration 1 Block Diagram 
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CONFIGURATION 1A CONSIDERATIONS 

Features 

• 8K Bytes of User Memory 

• 16 I/O Lines 



CONFIGURATION IB CONSIDERATIONS 

Features 

• 8K Bytes of User Memory 

• 40 I/O Lines 



Device Configuration 

R65F11 Microcomputer 
R65FR1 Development ROM 



DEVELOPMENT PRODUCTION 



1^ 



Device Configuration 

R65F12 Microcomputer 
R65FR1 Development ROM 



DEVELOPMENT PRODUCTION 







User IMemory— I/O Resource Matrix 

User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 



User Memory— I/O Resource Matrix 

User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 



48K 



MEMORY 



Memory Map 



16K h 
8K 




^jj^^jjj^^^;j^ 






MUX BUS 



16 32 40 

I/O LINES 



FFFF 
FOOO 



KERNEL 



4000 

2000 
0000 



R65FR1 



USER MEMORY 



48K 



MEMORY 



Memory Map 




MUX BUS 



16 32 40 

I/O LINES 



FFFF 
FOOO 



KERNEL 



4000 



2000 



0000 



R65FR1 



USER MEMORY 
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RSC-FORTH CONFIGURATION 2 
(R6SFR2, R65FK2) 

R6501Q DEVELOPMENT AND R65F1i/F12 
PRODUCTION 

The RSC-FORTH Configuration 2 provides the designer with the 
capability of using the full 16K bytes of external address space 
of the R65F1 1 and R65F12. 

The R6501Q ROM-less microprocessor, when used with the 
R65FK2 Kernel ROM and the R65FR2 Development ROM, 
emulates the operation of the R65F11/F12. Because of the 
greater address space of the R6501Q, the R65FR2 Development 
ROM can be relocated to address $4000 and the disk buffers 
and HEADS program to $6000. This expands the available user 
memory space to 16K bytes, $0000 through $3FFF. 



Using this configuration, the application program can be 
developed using the R6501Q and then later installed In an 
R65F11 or R65F12 microcomputer without modification. 

Figure 2 shows the development and production configuration 
for the R6501Q. Configurations 2A and 2B list the features, 
memory maps, and the relationship of the R6501Q to the 
R65FR2 Development ROM and R65FK2 Kernel ROM in the 
development and production environment. Figure 3 is a 
schematic of the R6501Q, R65FR2, R65FK2 development setup. 



O 



R6501Q 
MICRO- 
PROCESSOR 



DISK AND 
HEADS RAM 
<8K BYTES 



> 



R65FR2 

DEVELOPMENT 

ROM 

8K BYTES 



ro 



c:> 



R65FK2 
KERNEL 

ROM 
3K BYTES 



R65F11/ 
R65F12 
MICRO- 
PROCESSOR 



C 



^ 



APPLICATION 

DEVELOPMENT 

RAM 

:S16K BYTES 



APPLICATION 

EPROM 

<16K 



O 



APPLICATION 

RAM 

16K BYTES 



DEVELOPMENT 



PRODUCTION 



Figure 2. R65FR2 and R65FK2 Configuration 2 Block Diagrams 
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CONFIGURATION 2A CONSIDERATIONS 

Features 

• 16K Bytes of User "Headerless" Memory 

• 16 I/O Lines 



CONFIGURATION 2B CONSIDERATIONS 

Features 

• 16K Bytes of User "Headerless" Memory 

• 40 I/O Lines 



DEVELOPMENT PRODUCTION 



Device Configuration 

R65F11 Microcomputer 
R6501Q Microprocessor 
R65FR2 Development ROM 
R65FK2 Kernel ROM 



Memory— I/O Matrix 

If floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory from $0500 through $3FFF 
or $6000 through $7FFF. User memory can be a mix of ROM, 
EEROM, UVROM or RAM. 






48K 



MEMORY 



16K 
8K 






m^mm^ 



16 32 

I/O LINES 



40 



Memory Maps 



DEVELOPMENT 



F400 



R65FK2 



FFFF 
F400 



PRODUCTION 



KERNEL 



8000 
6000 
4000 



0000 



8K USER RAM 
(HEADS) 



R65FR2 



USER 

MEMORY 

(CODES ONLY) 



4000 



0000 



USER 

MEMORY 

(CODES ONLY) 



DEVELOPMENT PRODUCTION 



Device Configuration 



R65F12 Microcomputer 



R6501Q Microprocessor 



R65FR2 Development ROM 



R65FK2 Kernel ROM 



Memory— I/O Matrix 

If floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory $0000 through $3FFF. User 
memory can be a mix of ROM, EEROM, UVROM or RAM. 



1/' 




T 



MEMORY 



16K 



8K 




Memory Maps 



DEVELOPMENT 



FFFF 



R65FK2 



8000 



6000 



4000 



0000 



8K USER RAM 
(HEADS) 



R65FR2 



USER 

MEMORY 

(CODES ONLY) 



1 



y \ 


*• 






' '':.j 


. 


^ 


i. i 



16 32 40 

I/O LINES 



PRODUCTION 



FFFF 



KERNEL 



4000 



0000 



USER 

MEMORY 

(CODES ONLY) 
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31 
m 

lO 



39 
m 



U5 74tS04 14 7 
U6 74LS10 14 7 
U7 74LS00 14 7 

NOTES 
Pin 22 on R6501Q— Sync Signal not connected. 
When emulating a R65F12 system Ports E, F or G 
must be constructed externally usii^ TTL circuits 
(contact Rodcwell). 



33 

in 
o 

■n 
O 

37 



31 
O 



Figure 3. R6501Q, R65FR2 and R65K2 Application Configuration Schematic 
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RSC-FORTH CONFIGURATION 3 
(R65FR3, R65FK3) 

R6501Q BASED SYSTEM DEVELOPMENT 
AND PRODUCTION 

The RSG-FORTH Gonfiguration 3 is designed for tliose applica- 
tions which require a larger amount of ROM or RAM space than 
the R65F11 or R65F12 can provide. 

In the development configuration, the user is provided with up 
to 48K bytes of memory. The user memory is located from $0000 
through $BFFF. The program heads will use some of this area 
but the user will still have considerably more memory space 
available then in the previous configurations. 

The production configuration provides up to 56K bytes of user 
memory. This is due to the fact that the R65FR3 Development 
ROM, used in the development configuration, is not required 
in the production configuration and releases the 8K bytes of 
memory space. This memory is located at $C000 through 
$DFFF. 

Figure 4 shows the development and production configurations 
for the R6501Q. Configuration 3 lists the features, memory maps, 
and the relationship of the R6501Q to the R65FR3 Development 
ROM and the R65FK3 Kernel ROM in the development and pro- 
duction environment. 



ro 



R6501Q 
MICRO- 
PROCESSOR 



R65FR3 

DEVELOPMENT 

ROM 

6K BYTES 



CP 



RQ5FK3 
KERNEL 

ROM 
4K BYTES 



iO 



APPLICATION 
DEVELOPMENT 

RAM 
^48K BYTES 



DEVELOPMENT 



R6501O 
MICRO- 
PROCESSOR 



ro 



C 



R65FK3 

KERNEL 

ROM 



o 



APPLICATION 

RAM 
<56K BYTES 



Figure 4. R65FF73 and R65FK3 
Configuration 3 Blocic Diagrams 



CONFIGURATION 3 CONSIDERATIONS 

Features 

• R6501Q w/FORTH 

• 48K Bytes of User Memory 

• 30 I/O Lines 



DEVELOPMEI^T PRODUCTION 



Device Configuration 

R6501 Q Microcomputer 
R65FK3 Development ROM 
R65FR3 Kernel ROM 

User IVIemory— I/O Resource Matrix 

All ports act as I/O ports. Memory Is on the bus. PC6 & PC7 
(I/O lines) are assigned to memory. User memory can be a mix 
of ROM, EEROM. UVPROM or RAM. 

48K 







MEMORY 



16K 
8Ki 



in ■■Mill HI 



IMemory Maps 

DEVELOPMENT 



PPPP 
FOOD 



16 32 40 

I/O LINES 



PRODUCTION 



E006 



EOOO 
COOO 



ReSFKS 



AVAILABLE 



FLOPPY CONTROL 



R65FR3 



USER 
MEMORY 



FFFF 
FOOO 

E006 
EOOO 



R65FK3 



AVAILABLE 



FLOPPY CONTROL 



USER 
MEMORY '^ 



0000 



0000 
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R6501Q 
ONE-CHIP MICROPROCESSOR 



SECTION 1 
INTRODUCTION 




1 .1 FEATURES OF THE R6501 Q 



Enhanced 6502 CPU 

—Four new bit manipulation instructions 

• Set Memory Bit (SiVIB) 

• Reset Memory Bit (RMB) 

• Brancli on Bit Set (BBS) 

• Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
— 13 addressing modes 

—True indexing 

192-byte static RAM 

32 bidirectional, TTL-compatible I/O lines (four ports) 

One 8-bit port may be tri-stated under software control 

One 8-bit port may have latched inputs under software 

control 
I Two 16-bit programmable counter/timers, with latches 

— Pulse width measurement 

— Asymmetrical pulse generation 

— Pulse generation 

— Interval timer 

-Event counter 

— -Retriggerable interval timer 
» Serial port 

— Full-duplex asynchronous operation mode 

—Selectable 5- to 8-bit characters 

— Wake-up feature 

— Synchronous shift register mode 

— Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 
> Ten interrupts 

—Four edge-sensitive lines; two positive, two negative 

—Reset 

— Non-maskable 

— Two counter underflows 

—Serial data received 

—Serial data transmitted 



Bus expandable to 64K bytes of external memory 

Flexible clock circuitry 

~2-MHz or 1-MHz internal operation 

—4 MHz Crystal used to generate internal clocks 

1 fjLS minimum Instruction execution time at 2 MHz 
NMOS-3 silicon gate, depletion load technology 
Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
64-pin QUIP 



1.2 SUMMARY 

The Rockwell R6501Q is a complete, high-performance 8-bit 
NMOS-3 microcomputer on a single chip and is compatible 
with all members of the R6500 family. 

The R6501Q consists of an enhanced 6502 CPU, an internal 
clock oscillator, 192 bytes of Random Access Memory (RAM), 
and versatile interface circuitry. The interface circuitry in- 
cludes two 16-bit programmable timer/counters, 32 bidirec- 
tional input/output lines (Including four edge-sensitive lines 
and input latching on one 8-bit port), a full-duplex serial I/O 
channel, ten interrupts, and bus expandability. 

The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the R65d1Q a 
leading candidate for microcomputer applications. 
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Rockwell suppdrts development of the R6501Q with the 
System 65 Microcomputer Development System and the 
R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 

This product description assurhes that the reader is familiar 
with the R6502 CPU hardware and programming capabili- 
ties. A detailed description of the R6502 CPU hardware is 
included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 
ument Number 29650N30). 



1.3 CUSTOMER OPTIONS 

The R6501Q has no customer specified mask options. It has 
the following characteristics. 

• Crystal Oscillator 

• Clock Divide by 4 

• Clock MASTER Mode 

• Reset Vector at FFFC 

• Internal pull-up resistors on Ports PA, PB, and PC 

1.4 ORDERING INFORMATION 

R6501 Q — 4 MHz Xtal, 1 MHz Operation 
R6501AQ — 4 MHz Xtal, 2 MHz Operation 




f 

.020 TVP. C 
(.508 MM) 



1.628 
(41.35 MM) 




I 




i^r 



(5.08 M 



±. 



e 



64 PIN QUIP 

Figure 2-1. Mechanical Outline & Pin Out Configuration 
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SECTION 2 
R6501Q INTERFACE REQUIREMENTS 



This section describes the interface requirements for the 
R6501Q. Figure 2-1 and 2-2 show the Interface Diagram and 
the pin out configuration for both devices. Table 2-1 describes 
the function of each pin. Figure 3-1 has a detailed block dia- 
gram of the R6501 Q ports which Illustrates the Internal func- 
tion of the device. 



TABLE 2-1. R6501Q Pin Descriptions 



SIGNAL NAIME 



PIN NO. 



DESCRIPTION 



Vcc 


21 


Vrr 


43 


Vss 


44 


XTLI 


42 



XTLO 
RES 



41 



XTLO-« 


















CLOCK 
OSCILLATOR 




EDGE DETECT 






Vrr ^ 
















WS *- 




INTERRUPT 
LOGIC 




PORTA 


OaO 






Vcc *- 


















CPU 




PORTB 




OO 
























fc- 

DB0-DB7OO 




192 > 8 
RAM 




PORTC 




oo 














A0.A12,A15OlO 
SYNC-* 




BUS CONTROL 




PORT D 




OO 


R/W-. 


















CONTROL 
REGISTERS 




16 BIT 
COUNTER/LATCH 

•■■;,■,.,,, A ,,: ,,• :, 




















16 BIT 
COUNTER/LATCH 


SERIAL RECEIVE. 

TRANSMIT 

REGISTERS 












R 


SSC 


10 







PA0-PA7(PA0, PA1, 
PA2, PA3; 
EDGE DETECTS) 


*2 


45 


PB0-PB7 (LATCHED INPUTS) 


NMI 


23 


DS (PAO) 
(DATA STROBE)' 






PC0-PC7 






PD0-P07 


PA0-PA7 
PB0-PB7 


39-32 
31-24 




PC0-PC7 


54-61 




PD0-PD7 


62-64, 
1-5 



^ CA (PA4)- 
► CB (PAS)- 



.. SO (PA6)* 
- SI (PAT) 



-MULTIPLEXED FUNCTIONS PINS (Software S«1«ctable) 



Figure 2-2. Interface Diagram 



A0-A12, A15 



DB0-DB7 



SYNC 



R/W 



20-7 



53-46 



22 



40 



Main power supply +5V 
Separate power pin for RAM. 
In the event that Vcc power 
is off, this power retains RAM 
data. 

Signal and power ground (OV) 
Crystal or clock input for In- 
ternal clock oscillator. Allows 
input of XI clock signal if 
XTLO is connected to Vss or 
of X4 clock if XTLO is floated. 
Crystal output from internal 
clock oscillator. 
The Reset input is used to 
initialize the device. This sig- 
nal must not transition from 
low to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. 
Clock signal output at inter- 
nal frequency. 

A negative going edge on the 
Non-Maskable Interrupt sig- 
nal requests that a non- 
maskable Interrupt be gen- 
erated with the CPU. 
Four 8-bit ports used for 
either input/output. Each line 
of Ports A, B and C consists 
of an active transistor to Vss 
and a passive pull-up to Vcc- 
Port D functions as either an 
8-bit input or 8-blt output port. 
It has active pull-up and pull- 
down transistors. 
Fourteen address lines used 
to address a complete 
65K external address space. 
Note: A13 & A14 are sourced 
through PC6 & PC7 when in 
the Full Address Mode. 
Eight bidirectional data bus 
lines used to transmit data to 
and from external memory. 
SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the CPU Is per- 
forming an OP CODE fetch. 
Controls the direction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal Is 
high when reading and low 
when wnting. 
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SECTIONS 
SYSTEM ARGHITEGTURE 



This section provides a functional description of tiie R6501 Q. 
Functionally the R6501Q consists of a CPU, RAM, four 8-bit 
parallel I/O ports, a serial I/O port, dual counter/latch circuits, 
a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system is shown in 
Figure 3-1 . 



NOTE 

Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 



3.1 CPU LOGIC 

The R6501Q internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executirig an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the Incfex 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register^ It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internar IRQ interrupt, or the external 
interrupt line NMI. the Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 



location Is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Arithmetic And Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These Instructions are latched into the 
Instruction Register, then decoded along with timing and 
Interrupt signals to generate control signals for the various 



3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 

Interrupt lo gic contro ls th e sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 



3.2 NEW INSTRUCTIONS 

In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the R6501Q. 
The added instructions and their format are explained in the 
following paragraphs. Refer to Appendix A for the Op Code 
mnemonic addressing matrix for these added instructions. 
The four added instructions do not impact the CPU processor 
status register. 

3.2.1 Set Memory Bit (SMB m, Addr.) 

This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the Instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon. 

3.2.2 Reset Memory Bit (RMB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 

This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8-blt relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 



3.3 READ-ONLY-MEMORY (ROM) 

The R6501Q has no ROM and its Reset vector is at FFFC. 



3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 1 92 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6501Q provides a separate power pin (Vrr) which may be 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAf^ data will be retained if standby power is supplied to the 
Vrr pin. If the RAM data retention is not required then Vrr 
must be connected to Vcc. During operation Vrr must be at 
the Vcc level. 

For the RAM to retain data upon l oss o f Vcc. Vrr rnust be 
supplied within operating range and RES must be driven low 
at leas t eigh t 02 clock pulses before Vcc falls out of operating 
range. RES must then be held low while Vcc is out of Oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during normal operation. When Vcc is out of operating range, 
Vrr must remain vyithin the Vrr retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 

RAM OPERATING MODE RAM RETENTION MODE 




-^ I--THL0 



1 INITIAL APPLICATION OF Vcc AND VpR. 

2 LOSS OF Vcc, RAM ON STANDBY POWER. 

3 REAPPLICATION OF Vcc- 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 

5 >8 02 CLOCK PULSES. 

Figure 3-2. Data Retention Timing 

3.5 CLOCK OSCILLATOR 

The R6501Q has been configured for a crystal oscillator, 
St countdown network, and for Master Mode Operation. 

A reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external 
oscillator. The oscillator reference frequency passes 
through an Internal countdown network to obtain the 
internal operating frequency (see Figures 3-3a and 3-3b). 
The external crystal generated reference frequency is a 
preferred method since the resistor method can have tol- 
erances approaching 50%. 

Note: 

When operating at 1 MHz interval frequency 
(R6501Q) place a 15-22 pt capacitor between 
XTLO and ground. 
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Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3t3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 




i> 



> 30on 
I — L — r XTLI 



NC C 



R6501Q 
XTLO 



< 300! 



300! 2 
-C XTLI 



b. Clock Inputs 



r-4 



f,„, = 1 or 2 MHz 



Figure 3-3. Clock Oscillator Input Options 



3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mtjl- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6501 Q in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 



3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources fire all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the interrupt Enable Register (lER). Multiple 



simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have been 
sen^iced and cleared. 



The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any tiine 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) Instruction reads FF, modifies l3it 
X to a "0", and writes the modified value at address location 

001 1 . In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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Figure 3-5. Mode Control Register 

The use of Counter A Mode Select is shown in Section 6.1. 

The use of Counter B Mode Select is shown in Section 6.2. 

The use of F»ort B Latch Enable is shown in Section 4.4. 

The use of Port D in Tri-State Enable is shown in Section 
4.6. 

The use of Bus Mode Select is shown in Section 4.5 and 4.6. 



3-81 



R6501Q 



One-Chip Microprocessor 



1 



AddrOOII 



|_ PAO Positive 
Edge ISetect 
PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
PAS Negative 
Edge Detect 
Counter A 
Underflow Flag 

Counter B 



Receiver 
Flag 



XMTR 
Flag 



Figure 3-6. Interrupt Enable and Flag Registers 



3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 
3-7, contains seven status flags. Some of these flags are 
controlled by the user program; others may be controlled 
both by the user's program and the CPU. The R6502 
instruction set contains a number of conditional branch 
instructions which are designed to allow testing of these 
flags. Each of the eight processor status flags is 
described in the following sections. 

3.8.1 Carry Bit (0) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic If no carry 
occurred as the result of arithmetic operations. 



The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC. ASL, CMP, CPX, CPY, LSR. PLP, ROL, ROR, RTI. 
and SBC. 



NOTES 

Not initialized by RES 
(2) Set to Logic 1 by RES 



I 



CARRY (C)0 

t = Carry Set 
0- Carry Clear 

- ZERO (Z>0 

1 = Zero Result 

= NoH'Zero Result 

-INTERRUPT DISABLE (1)0 

1 = IRQ Interrupt Disabled 

:: IRQ Interrupt Enabled 

-DECIMAL MODE (D)0 

1 ~ Decimal Mode 

= Binary Mode 

- BREAK COMMAND (B)0 

1 _ Break Command 

= Non Break Command 

- OVERFLOW (0)0 

1 = Overflow Set 
0= Overflow Clear 



E(N)0 



1 = Negative Value 
0- Postlve Value 



Figure 3-7. Processor Status Register 



Table 3-1. Interrupt Flag Register Bit Codes 



BIT 
CODE 



FUNCTION 



IFR 0: PAO Positive Edge Detect Flag — Set to a " V wh en a positive going edge is detected on PAO. 

Cleared by RMB (0010) instruction or by RES. 

IFR 1 : PA1 Positive Edge Detect Flag— Set to a 1 whe n a positive going edge is detected on PA1 . 

Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: PA2 Negative Edge Detect Flag— Set to a 1 wh en a negative going edge is detected on PA2. 

Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: PA3 Negative Edge Detect Flag— Set to 1 whe n a negative going edge is detected on PAS. 

Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: Counter A Underflow Flag— Set to a 1 when Counter A underflow occurs. Cleare d by reading 

the Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 

IFR 5: Counter B Underflow Flag— Set to a 1 when Counter B underflow occurs. Cleare d by reading 

the Lower Counter B at location 001 C, by writing to address location 001 E, or by RES. 

IFR 6: Receiver Interrupt Flag — Set to a 1 when any of the Serial Communication Status Register bits 

thro ugh 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 

IFR 7: Transmitter Interrupt Flag— Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a or SCSR 

7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 
zero. This bit is cleared to logic when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR. RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the I Bit is reset to logic 0^ 
the IRQ signal will be serviced. If the bit Is set to logic 1^ the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruct40n 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 



3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (OLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decimal Mode Bit. 



CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 



3.8.5 Break Bit (B) 

The Break Bit ( B) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU execut ed a BRK 
command, the Break Bit will be set to logic 1 . If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation Is a value 
that cannot be contained in seven bits (^128 ^ n ^ 127). 
This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction — which may be used to sample Interface 
devices — allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow Bit Is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used rn this mode, the 
overflow has nothing to do with signed arithmetic, but is just 
another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC. BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1 . If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
Instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY. DEC, DEX, DEY, EOR, 
INC, INX, INY. LDA, LDX. LDY. LSR. ORA, PLA, PLP. ROL, 
ROR, RTI, SBC, TAX. TAY, TSX. TXA. and TYA. 
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SECTION 4 

PARALLEL INPUT/OUTPUT PORTS 

& BUS MODES 



The devices have 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC. and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port D may be used as all inputs or ail outputs. 

Multifunction l/O's such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 

Internal pull-up resistors (FET's with an impedance range of 
3K =^ Rl ^ 12K ohm) are provided on all port pins except 
Port D. 

The direction of the 32 I/O lines are controlled by four 8-blt 
port registers located in page zero. This arrangement pro- 
vides quick programming access using simple two-byte zero 
page address instructions. There are no direction registers 
associated with the I/O ports, thus simplifying I/O handling. 
The I/O addresses are shown in Table 4-1. Appendix E.4 
shows the I/O Port Timing. 



Table 4-1. I/O Port Addresses 



Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA, PB. PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, and SMB. 



4.2 OUTPUTS 

Outputs for Ports A thru D are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic will force a low (<0.4V) output. 

Port D all outputs is selected by setting MCR5 to a "1". 



PORT 


ADDRESS 


A 


0000 


B 


0001 


C 


0002 


D 


0003 



4.1 INPUTS 

Inputs for Ports A, B, and C are enabled by loading logic 1 
into all I/O port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
to be read when a read instruction is issued to the port 
regi ster. A high (>2.0V) input will cause a,^ogic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 



4.3 Port A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit. bit independent. I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the ft2 clock rate. Edge detection timing is shown in Ap- 
pendix E.3. 
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Table 4-2 


Port A Control and Usage 




PAO (2) 
PIN 39 


PAO I/O 


PORT B LATCH MODE 




MCR4 = 


MCR4 = 1 




SIGNAL 


SIGNAL 




NAME 


TYPE 


NAME 


TYPE 




PAO 


I/O 


PORT B 
LATCH STROBE 


INPUT (1) 










PA1(2) 
PIN 38 

PA2(3) 
PIN 37 

PAS (3) 
PIN 36 


PA1-PA3I/0 




SIGNAL 




NAME 


TYPE 




PA1 
PA2 
PA3 


I/O 
I/O 
I/O 








PA4 
PIN 35 


PA4 I/O 


COUNTER A I/O 


MCRO = 
MCR1 = 
SCCR7 = 
RCVR S/R MODE = 
(4) (5) 


MCRO = 1 
MCR1 = 
SCCR7 = 
RCVR S/R MODE = 
(4) 


SCCR7 = 
SCCR6 = 
MCR1 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA4 


I/O 


CNTA 


OUTPUT 


CNTA 


INPUT (1) 


SERIAL I/O SHIFT REGISTER GLpCK 


SCCR7 = 1 
SCCR5 = 1 


RCVR S/R MODE = 1 
(4) 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


XMTR CLOCK 


OUTPUT 


RCVR CLOCK 


INPUT (1) 




PAS 
PIN 34 


PA5I/0 


COUNTER B I/O 


MCR3 = 
MCR2 = 


MCR3 -= 
MCR2 = 1 


MCR3 = 1 
MCR2 = X 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA5 


I/O 


CNTB 


OUTPUT 


CNTB 


INPUT (1) 




(1 ) HARDWARE BUFFER FLOAT 


PA6 
PIN 33 


PA6 I/O 


SERIAL I/O 
XMTR OUTPUT 


(2) POSITIVE EDGE DETECT 

(3) NEGATIVE ERGE DETECT 

(4) RCVR S/R MODE = 1 WHEN 
SCCR6- SCCR5- SCCR4 = 1 


SCCR7 = 


SCCR7-^1 


SIGNAL 


SIGNAL 


(5) For the following mode combi- 


NAME 


TYPE 


NAME 


TYPE 


nations PA4 is available as an 
Input Only pin: 
SGCR7«SCCR6»SCCR5«MCR1 


PA6 


I/O 


XMTR 


OUTPUT 




+ SC 
+SG 
+ SC 


;UH7«SC;CR6*SCCR4»MCR1 


JGR7'SeCFl6»SCCFi5 


PA7 
PIN 32 


PA7I/0 


SERIAL I/O 
RdVR INPUT 


JCR7.SCCR5«SCCR4« 


SCCR6 = 


SCCR6 = 1 




SIGNAL 


SIGNAL 




NAME 


TYPE 


NAME 


TYPE 




PA7 


I/O 


RCVR 


INPUT (1) 
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4.4 PORT B (PB) 

Port B can be programmed as an 8-bit, bit-independent I/O 
port, it has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix E.3. 

Table 4-3. Port B Control & Usage 







I/O MODE 


LATCH 
MODE 


MCR4 = 


MCR4 = 1 
(2) 


PIN 

# 


PIN 
NAME 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 














31 
30 
29 
28 
27 
26 
25 
24 


#B0 
PBI 
PB2 
F*B3 
PB4 
PB5 
PB6 
PB7 


PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 


I/O 
I/O 
I/O 
I/O 

I/O 
I/O 

i/b 

I/O 


PBO 
PBi 
PB2 
PB3 
PB4 
PB5 
PB6 

m 


INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 



4.5 PORT C (PC) 

Port C can be programmed as an I/O port, or as part of the 
full address bus. When operating in the Full Address Mode 
PC6 and PC7 serve as A13 and A14 with PC0-PC5 operating 
as normal I/O pins. 

4.6 PORT D (PD) 

Port D can be programmed as an I/O Port. Mode selection 
for Port D is made by the Mode Control Register (MCR). The 
Port D output drivers can be selected as tri-state drivers by 
setting bit 5 of the MCR to 1 (one). Table 4-5 shows the nec- 
essary settings for the MCR to achievis the various modes 
for Port D. 



4.7 BUS MODES 

In the Full Address Mode, the separate address and data bus 
are used in conjunction with PC6 and PC7, which automat- 
ically provide A13 and A14. The remaining ports perform the 
normal I/O function. 

In the I/O Bus Mode all ports serve as I/O. The address and 
data bus are still functional but without A13 and A14. Since 
the internal RAM and registers are in the OOXX location, A1 5 
can be used for chip select and A0-A12 used for selecting 
8K of external memory. 



(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL DOWN 

(2) INPUT DATA IS STORED IN PORT B LATCH BY PAO PULSE 







H68116OHR6500/13 


y) K 








^ t-ans ^ PORTA 




u — 

















( e-BITS y POflTB 




uui 








His 










< -"'" >'""'^'^ 






J >^ 






< '■""' > ^""^^ 






A13(PC6) ^ 






UPTOA4K-244 

OF EXTERNAL 
^ WO OR MEMORY 

ACTIVE FROM 1 

0004-OOOF, 
L«0100-FFFF J 

/ VECTORS AT \ 
(^FFFA-FFFF } 




AM (PC7) ^ 




■ "* * 




WW ^ 




SYNC 




jt DATA BUS fc. 




ADDRESS BUS ^ 




A,.A12,A15 > 




t 





R6S11Q OR R6500/13 


>— -IV ■ 




* 


(T^ e-BITS y PORTA 
















<^ -BITS > PORTB 
















<^ a-BITS y PORT C 












< ""^ > '""'''' 






*l ^ 






UPT016K-244 

OF EXTERNAL 

I/O OR MEMORY 

r ACTIVE FROM! 

0100-1FFF 
L»8000-9FFF J 
(VECTORS AT 
9FFA-9FFF) 




B^ I 




SYNC .,'...■, .. - 




- DATA BUS 1. 




ADDRESS BU6 1^ 




A^A12,A1S y 







Figure 4-1 a. Full Address Mode 



Figure 4-1 b. Normai Bus IMode 
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Table 4-4. Port C Control and Usage 







FULL ADDRESS 
MODE 


I/O MODE 




MCR7 = 
MORS = 


MCR7 = 
MCR6 - 1 


PIN 

# 


PIN 
NAME 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 
(1) 














54 
55 
56 
57 
58 
59 
60 
61 


POO 
PCI 
PC2 
PC3 
PC4 
PCS 
PC6 
PC7 


PCO 
PCI 
PC2 
PC3 
PC4 
PCS 
A13 
A14 


f/0(1) 
1/0(1) 
1/0(1) 
I/O (1) 
I/O (1) 
1/0(1) 

OUTPUT (2) 
OUTPUT (2) 


PCO 
PC1 
PC2 
PC3 
PC4 
PCS 
PG6 
PC7 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 



NOTES: 

1 . Resistive Pull-Up, Active Buffer Pull-Down 

2. Active Buffer Pull-Up and Pull-Down 




Table 4-5. Port D Control and Usage 







I/O MODES 


MCR7 = 


MCR7 = 






MCR6 = X 


MCR6 = X 






MCR5 = 


MCR5=1 


PIN 


PIN 


SIGNAL 


SIGNAL 




TYPE 




TYPE 


# 


NAME 


NAME 


(1) 


NAME 


(2) 














62 


PDO 


PDO 


INPUT 


PDO 


OUTPUT 


63 


PD1 


PD1 


INPUT 


PD1 


OUTPUT 


64 


PD2 


PD2 


INPUT 


PD2 


OUTPUT 


1 


PD3 


PD3 


INPUT 


PD3 


OUTPUT 


2 


PD4 


PD4 


INPUT 


PD4 


OUTPUT 


3 


PD5 


PD5 


INPUT 


PD5 


OUTPUT 


4 


PD6 


PD6 


INPUT 


PD6 


OUTPUT 


5 


PD7 


PD7 


INPUT 


PD7 


OUTPUT 



NOTES: 

1 . Tri-State Buffer is in High Impedance Mode 

2. Tri-State Buffer is in Active Mode 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 



The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1 . The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate using the internal clock is 62.5K bits per 
second (at J<2 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and can be independently enabled or 
disabled. 



SCCR 



Addr 0015 



0-^Odd Parity 
1'^Even Parity 
b Parity Disable 
1 Parity Enable 
0-^8 Bits/Char 
I'-vZBits/Ciiar 
0'-^6 Bits/Ctiar 
1 '^^ 5 Bits/Char 

XMTR & RCVR ASYN Mode 

1 XMTR ASYN, RCVR S/R 
X XMTR S/R, RCVR ASYN 



RCVR Disable 

1 RCVR Enable 



XMTR Disable 

1 XMTR Enable 



Figure 5-1. Serial Communication Control Register 





ASVNCMRONOUS MODE WITHOUT PARITY 






1 start!. 


S-BIT DATA 




1 


2 STOP 1 




IsTARTi' 


7.BIT DATA 


1 


2 STOP 


1 












I™.tI 


6-BIT DATA 


1 2 STOP 


1 














IstartI 


5-BITDATA 


] 2-STOP ] 





ASYNCHRONOUS MODE WITH PARITY 



1 START 1 


^'Bno^A IparityIst^p I 




1 START 1 


7.BITDATA | ^^^^ j 


2 STOP 1 




1 start! 


e-BITOATA |„;,,| 28TOP 


1 








1 START 1 


S-BITDATA |p^;,,| 2 STOP ] 






SHIFT REGISTER MODE 8-BIT DATA 




^ 1 


WORD M 1 


WORD M + 1 



SHIFT REGISTER CLOCK (PA4) 



Figure 5-2. SIO Data Modes 

In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 



Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 

Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR> 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a pahty bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 



The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 



IFR7 = SCSR6 (SCSR5 + SCSR7) 

5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1 ." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request If the 
Receiver Interrupt Enable bit is set to logic 1 . 
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Swial 



Start Bit LSB 



] — I — r 

Stop Bit Stop Bit 



* Sorial Input' Dtta Shifted In 

Figure 5-3. ASYN Receive Data Timing 

In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock Is one-eighth the int^rrial clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



Input _X. 



X 



I 



I 



External 

Shift 

Clock 

Serial . 
Output . 



Shift 
Clock' 



Data Out 



* Serial input Data Shifted in 

** Serial Output Data Makes Transition 

Figure 5-4. S/R IMode Timing 

A RCVR intermpt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Flegister (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-ti'ansmission condition, and a receiver idle line con- 
dition (Wake- Up Feature). The SCSR bit assignment is shown 
In Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSR 0: Receiver Data Register Full — Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register, This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a corre- 
sponding error bit will be set to a logic 1 . 

SCSR 1 : Over-Run Error—Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cle ared by reading the 
Receiver Data Register or by RES. 

SCSR 2: Parity Error— $et to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 



received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error— Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clear ed b y reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

SCSR 4: Wai<e-Up—SeX to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission — Set to a logic 1 by writing 
a "1" in bit position 5 of address: 016. The End 
of Transmission bit is cleared by RES or iJpOn 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run— Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last' stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew d ata into the Transmitter Shift 
Register or by RES. 




SCSR 7 



Addr 0016 



1^ RCVR Data 
Reg Full 
^ RCVR Over-Run 

L Parity. Error 

Frame Error 

Wake-Up 

>- End of Transmission 

>- XMTR Data Reg Empty 

XMTR Under-Run 

Figure 5-5. SCSR Bit Allocations 

5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomptitef appli- 
ations, a destination address is usually included at the begin- 
ning of the message. The Wake-Up Feature allows non-selected 
CPU's to ignore the remainder of the message until the begin- 
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Receiver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of eleven consecutive 1 's which indi- 
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to wake-up 
and read the received data. 
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SECTION 6 
COUNTER/TIMERS 



The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 



Counter A 

Pulse width 
measurement 
Pulse Generation 
Interval Timer 
Event Counter 



Counter B 

Retriggerable Interval Counter 
Asymmetrical Pulse 
Generation 
Interval Timer 
Event Counter 



Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 



Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value— not FFFF— and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A a t loca tion 0018, by writing to address lo- 
cation 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 



Mode 



MORI 


MCRO 


(bit 1) 


(bit 0) 








.0 


1 


1 





1 


1 



Interval Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 



6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 1 6-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 

Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



COUNTER UNDERFLOW 

I I 

I I (UL. LK) I (UL, LL) -1 I 



COUNTER INTERRUPT ENABLED 



COUNTER UNDERFLOW FLAG 



Figure 6-1 . Interval Timer Timing Diagram 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore Vs to 65335 
ms at the 1 MHz 02 clock rate or 0.5 /xs to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ Interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1J the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ intermpt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1 . 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output, The lirie toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001 A. 



The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3, 



The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to Opi A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the ^2 clock rate. 

The Counter can count up to 65,535 occurrences before 
underf lowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 

Figure 6.2 is a timing diagram of the Event Counter Mode. 







CNTR 
COUNT 







Figure 6-3. Pulse Width iMeasurement 



6.1.5 Seriai I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 

Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a ^2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5Kbps can 
be selected by using the formula: 



N 



02 



1 6 X bps 



-1 



where 



Figure 6-2. Event Counter Mode 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 



N = decimal value to be loaded into Counter A using 

its hexadecimal equivalent. 
02 = the clock frequency (1 MHz or 2 MHz) 
bps - the desired data rate. 



NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. 


Counter A Values for Baud Rate Selection 












CLOCK RATE 








03 




NEEDED 








ACTUAL 


TO GET 


STANDARD 
BAUD 
RATE 


HEXADECIMAL 


BAUD 


STANDARD 


VALUE 


RATE AT 


BAUD RATE 


1 MHz 


2 MHz 


1 MHz 


2 MHz 


1 MHz 2 MHz 


50 


04E1 


09C3 


50.00 


50.00 


1.0000 2.0000 


75 


0340 


0682 


75.03 


74.99 


1.0000 2.0000 


110 


0237 


046F 


110.04 


110.04 


1.0000 2.0000 


150 


01 AO 


0340 


149.88 


150.06 


1.0000 2.0000 


300 


OOCF 


01 AO 


300.48 


299.76 


1.0000 2.0000 


600 


0067 


OOCF 


600.96 


600.96 


1.0000 2.0000 


1200 


0033 


0067 


1201.92 


1201.92 


1.0000 2.0000 


2400 


0019 


0033 


2403.85 


2403.85 


1.0000 2.0000 


3600 


0010 


0021 


3676.47 


3676.47 


0.9792 1.9584 


4800 


OOOC 


0019 


4807.69 


4807.69 


1.0000 2.0000 


7200 


0008 


0010 


6944.44 


7352.94 


1.0368 1.9584 


9600 


0006 


OOOC 


8928.57 


9615.38 


1.0752 2.0000 



6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001 D for the Upper Counter B and at location 
001 E or OOtC for the Lower Counter B. A Read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value In the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Couriter B Underflow Flag bit (IFR5). will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 



6.2.1 Retriggerable Interval Timer Mode 

When operating In the Retriggerable Interval Timer mode. 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



Latch 




CB Line 



Counter ^ 

Underflov^N.., .xz^-"®*®* *>y Software 



Counter B • ' 

Flag 

Figure 6-4. Counter B Retriggerable Interval Tinner Mode 

6.2.2 Asymmetrical Pulse Generation IMode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pUlse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P In the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001 C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001 D. At this point both 
Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001 E. Writing to 
address location 001 E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 

3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION? 
POWER ON/INITIALIZATION CONSIDERATIONS 



7.1 POWER ON TIMING 

After application of Vcc and Vrr power to the device, RES 
must be held low for at least eight ^2 clock cycles after Vcc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vcc voltage and performance of the internal oscillator. The 
clock can be monitored at ^2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time Is typ- 
ically 20 ms. 



|<«~ Clock SttWIizatlon Tlnw -*^ 

» ...^AAAAw^MAAAAJinnnnnnnnnnnnnn 



8 02 Clocks Cycln Min 



Figure 7-1 . Power Turn-On Timing Detail 



7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be config- 
ured as shown in Table 7-1. 

Table 7-1 . RES Initialization of I/O Ports and Registers 





7 


6 


5 


4 


3 


2 


1 





REGISTERS 


















Processor Status 


__ 


— 


— 


— 


— 


1 


_ 


— 


Mode Control (MCR) 


























Int. Enable (lER) 


























Int. Flag (IFR) 


























Ser. Com. Control (SCCR) 


























Ser. Com. Status (SCSR) 





1 




















PORTS 


















PA Latch 


1 


1 


1 


1 


1 


1 


1 


1 


PB Latch 


1 


1 


1 


1 


1 


1 


1 


1 


PC Latch 


1 


1 


1 


1 


1 


1 


1 


1 


PD Latch 


1 


1 


1 


1 


1 


1 


1 


1 




All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 



7,2 POWER-ON RESET 

When RES goes from low to high, the device sets the In- 
terrupt Mask Bit— bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFD 
to begin user program execution. All of the I/O ports (PA, PB, 
PC, PD) will be forced to the high (logic 1) state. All bits of 
the Control Register will be cleared to logic causing the 
Interval Timers counter mode (mode 00) to be selected and 
all interrupt enabled bits to be reset. 



n 



n 



1&3. Counter B - 
2&4. Counter B < 



Utch B (D) 
Latch C(P) 



7.4 INmAUZATION 

Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (If a power oh situation) an 
initialization routine should be executed to perform (as a 
minimum) the following functions: 

1 . The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear Interrupts 

A typical initialization subroutine could be as follows: 



Figure 6-5. Counter B Pulse Generation 



LDX 

TXS 
CLD 
SEC 



CLI 



Load stack pointer starting address into 

X Register 

Transfer X Register value to Stack Pointer 

Clear Decimal Mode 

Set Carry Flag 

Set-up Mode Control and 

special function registers 

and clear RAM as required 

Clear Interrupts 
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APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 



This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 



A.I INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 



ADC Add Memory to Accumulator with Carry 

AND "AND" Memory with Accumulator 

ASL Shift Left One Bit (Memory or Accumulator) 

*BBR Branch on Bit Reset Relative 

*BBS Branch on Bit Set Relative 

BOG Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 

BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 

CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement Index X by One 

DEY Decrement hdex Y by One 

EOR "Exclusive-Or" Memory with 
Accumulator 

INC Increment Mernory by One 

INX Increment Index X by One 

INY Increment Index Y by One 

JMP Jump to New Location 

JSR Jump to New Location Saving Return 
Address 



LDA Load Accumulator with Memory 

LDX Load Index X with Memory 

LDY Load Index Y with Memory 

LSR Shift One Bit Right (Memory or 
Accumulator) 

NOP No Operation 

ORA "OR" Memory with Accumulator 

PHA Push Accumulator on Stack 

PHP Push Processor Status on Stack 

PLA Pull Accumulator from Stack 

PLP Pull Processor Status from Stack 

*RMB Reset Memory Bit 

ROL Rotate One Bit Left (Memory or 

Accumulator) 

ROR Rotate One Bit Right (Memory or 

Accumulator) 

RTI Return from Interrupt 

RTS Return from Subroutine 

SBC Subtract Memory from Accumulator with 

Borrow 

SEC Set Carry Flag 

SED Set Decimal Mode 

SEI Set Interrupt Disable Status 

*SMB Set Memory Bit 

STA Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 

TAX Transfer Accumulator to Index X 

TAY Transfer Accumulator to Index Y 

TSX Transfer Stack Pointer to Index X 

TXA Transfer Index X to Accumulator 

TXS Transfer Index X to Stack Register 

TYA Transfer Index Y to Accumulator 
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ENHANCED R6502 INSTRUCTION SET 






































PROCESSOR STATUS 


INSTRUCTIONS 
















CODES 


MricMwNiC 


OPERATION 


IMMEDIATE 


ABSOLUTE 


ZERO PAGE 


mem. 


IMPLIED 


(IND, X) 


(IND), Y 


Z, PAGE, X 


ABS, X 


ABS, Y 


RELATIVE 


INDIRECT 


Z. PAGE, Y 


BIT ADDRESSING (OP BY BIT #) 


7 6 5 4 3 2 10 


OP 


n 


# 


OP 


o 


#, 


OP 


n 


# 


HOP 


n 


# 


OP 


~ 


# 


OP 


n 


# 


OP 


n 


#; 


OP 


n 


# 


oF' 


n 


I] 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 





T 


2 


3 


4 


5 


Jj 


7 


N V • 


B D 1 Z C 


ADC 


A-M-O-A (4)(1) 


69 


2 


2 


6D 


4 


3 


"iT 


T 


T" 










— 




eT 


~ 


T 


TT 


"i" 


2 


75 


4 


T" 


70 


4; 


3 


79 


4 
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N V . 




Z C 


AND 


A M-A (1) 


29 


2 


2 


2D 


4- 


3 


25 


3 


2 














21 
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2 


31 


5 


2 


35 
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2 


30 


4 


3 


39 


4 
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N • • 




Z - 
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C- - PT" 1 -0 








OE 
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3 


06 


5 


2 


OA 


2 
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2 


IE 


7 
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IF 
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4F 
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6F 


7F 
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Branch on Me -1 (5)(2) 
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CF 


OF 


EF 


FF 
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Branch on C-0 (2) 






























































90 


2 
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BCS 


Branch on C - 1 (2) 






























































BO 
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Branch on Z=1 (2) 
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NOTES 
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LEGEND 
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M 




= Memory Bit 6 







1 . Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if brancii occurs to different page 

3. Carry not = Borrow 

4. If in decimal mode Z flag is invalid 
accumulator must be cl^ecked on zero result. 

5. Effects 8-bit data field of the specified zero page address. 



X = Index X 

Y = Index Y 

A = Accumulator 

M = Memory per effective address 

M5 = Memory per stack pointer 

Mb = Selecter zero page memory bit 

M7 = Memory Bit 7 



= Add 

= Subtract 

= And 

= Or 

= Exclusive Or 

= Number of cycles 

= Number of Bytes 



J) 

Ol 

o 



o 
o 


(0 
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A.3 INSTRUCTION CODE MATRIX 



BRK 

Implied 

1 7 



—OP Code 

—Addressing Mode 

—instruction Bytes; Machine Cycles 



8 

s 



BRK 

Implied 

1 7 


ORA 

(IND.X) 

2 6 


•' : ■ 






ORA 
ZP 
2 3 


ASL 
ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 
Accum 
12 






ORA 
ABS 
3 4 


ASL 
ABS 
3 6 


BBRO 

ZP 
3 5** 


BPL 
Relative 
2 2" 


ORA 
(IND),Y 

.2 ..'S* ' 


" 






ORA 
ZP, X 
2 4 


ASL 
ZP, X 
2 6 


RMB1 
ZP 
2 5 


CLC 

Implied 
1 2 


ORA 
ABS, Y 
3 4* 








ORA 
ABS.X 

3 4* 


ASL 

ABS.X 

3 7 


BBR1 

ZP 

3 5** 


JSR 

Absolute 

3 6 


AND 
(IND.X) 






BIT 
ZP 
2 3 


AND 
ZP 
2 3 


ROL 
ZP 
2 5 


RMB2 
ZP 
2 5 


PLP 

Implied 

1 .4 


AND 
IMM 
2 2 


ROL 

Accum 

1 2 




BIT 
ABS 
3 4 


AND 
ABS 
34 


ROL 
ABS 
3 6 


BBR2 

ZP 
3 5** 


BMI 
Relative 
2 2" 


AND 

(IND.V) 

2 5* 








AND 
ZP, X 
2 4 


ROL 
ZP.X 
2 6 


RMB3 
ZP 
2 5 


SEC 

Implied 
1 2 


AND 
ABS,Y 
3 4* 






■ 


AND 
ABS.X 
3 4* 


ROL 

ABS.X 

3 7 


BBR3 
ZP 

3 5** 


RTI 

Implied 

1 6 


EOR 

(IND.X) 

2 6 








EOR 
ZP 

2 3 


LSR 
ZP 
2 5 


RMB4 
ZP 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 

Accum 

1 2. 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 


BBR4 

ZP 
3 5" 


BVC 
Relative 
2 2" 


EOR 

(IND),Y 

2 5* 








EOR 
ZP, X 

„2,,,.4:\ 


LSR 
ZP.X 

2 6 


RMB5 
ZP 
2 5 


CLI 

Implied 

1 2 


EOR 
ABS. Y 
3 4* 








EOR 
ABS, X 
3 4* 


LSR 

ABS.X 

3 7 


BBR5 
ZP 

3 5" 


RTS 

Implied 

1 6 


ADC 

(IND.X) 

2 6 








Abe 

■Zp!;:^'' 
2 3 


ROR 
ZP 
2 5 


RMB6 
ZP 
2 5 


PLA 

Implied 
1 4 


ADC 
IMM 
2 2 


ROR 

Accum 

1 .2 




JMP 

Indirect 
3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 


BBR6 
ZP 

3 5** 


BVS 
Relative 
2 2** 


ADC 

(IND, Y) 

2 5* 








ADC 
ZP.X 

2 4 


ROR 
ZP.X 

2 6 


RMB7 
ZP 
2 5 


SEI 
Implied 
1 2 


ADC 
ABS.Y 
3 4* 








ADC 
ABS.X 
3 4* 


ROR 

ABS, X 

3 7 


BBR7 

ZP 
3 5" 




STA 

(IND.X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 
2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 

1 2 




TXA 

Implied 

1 2 




STY 
ABS 

3 4 


STA 
ABS 
3 4 


STX 
ABS 

3 4 


BBSO 

ZP 

3 5** 


BCC 
Relative 
2 2" 


STA 

(IND. Y) 

2 6 






STY 
ZP.X 
2 4 


STA 
ZP.X 
2 4 


STX 
ZP, Y 
2 4 


SMB1 
ZP 
2 5 


TYA 

Implied 

1 2 


STA 

ABS.Y 

3 5 


TXS 

Implied 
1 2 






STA 

ABS. X 

3 5 




BBS1 

ZP 

3 5" 


LDY 
IMM 
2 2 


LDA 

(IND, X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
ZP 

2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
2 5 


TAY 

Implied 

1 2 


LDA 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 

3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 
ZP 

3 5** 


BCS 
Relative 
2 2** 


LDA 

(IND), Y 

2 5* 






LDY 
ZP.X 
2 4 


IDA 
ZP.X 

2 4 


LDX 
ZP, Y 
2 4 


SMB3 
ZP 

2 5 


CLV 
Implied 
1 2 


LDA 
ABS.Y 
3 4* 


TSX 

Implied 
1 2 




LDY 
ABS. X 
3 4* 


LDA 
ABS.X 
3 4* 


LDX 
ABS, Y 
3 4* 


BBS3 
ZP 

3 ■ '5^*; 


CPY 
IMM 
2 2 


CMP 

(IND, X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 
1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 

ZP 
3 5** 


BNE 
Relative 
2 2" 


CMP 
(IND), Y 
. 2 5* 








CMP 
ZP,X 
2 4 


DEC 
ZP,X 
2 6 


SMB5 
ZP 
2 5 


CLD 

Implied 

1 2 


CMP 
ABS, Y 
3 4* 








CMP 
ABS.X 

3 4* 


DEC 

ABS, X 

3 7 


BBSS 

ZP 
3 5** 


CPX 
IMM 
2 2 


SBC 

(IND. X) 

2 6 






CPX 
ZP 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 

2 5 


SMB6 
ZP 
2 5 


INX 

Implied 

1 2 


SBC 
IMM 
2 2 


NOP 

Implied 

1 2 




CPX 
ABS 
3 4 


SBC 
ABS 
3 4 


INC 
ABS 
3 6 


BBS6 
ZP 

3 5" 


BEQ 
Relative 
2 2" 


SBC 
(IND). Y 
2 5* 








SBC 
ZP, X 
2 4 


INC 
ZP.X 

2 6 


SMB7 
ZP 
2 5 


SED 

Implied 

1 2 


SBC 
ABS.Y 
3 4* 








SBC 
ABS.X 
3 4* 


INC 

ABS,X 

3 7 


BB$7 
ZP 

3 5** 



*Add 1 to N if page boundary is crossed. 
'*Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 



J ACCUMULATOR 


]J INDEX REGISTER Y 

^ INDEX REGISTER X 



J PROGRAM COUNTER PC 



n STACK POINTER S 



|N|V| |B|D|||Z|C1 PROCESSOR STATUS REC P 

CPU Registers 



[_ 



CARRY (C) © 



1 = Carry Set 

= Carry Clear 

- ZER0(Z)O 

1 = Zero Result 

— Non-Zero Result 

- INTERRUPT DISABLE (I) (5) 

1 - IRQ Interrupt Disabled 

.-. IRQ Interrupt Enabled 

-DECIMAL MODE(D)© 

1 ~ Decimal Mode 

— Binary Mode 

- BREAK COMMAND (B) © 

1 = Break Command 

= Non Break Command 

- OVERFLOW (0)0 




Bus Mode Select 



NOTES 

© Not initialized by RES 
© Set to Logic 1 by'fiES 



- NEGATIVE (Si) © 



Counter B 
Mode Select 



Counter' A 
Mode Select 



Processor Status Register 



Interval Timer 

1 Pulse Generation 

I 1 Event Counter 

[ 1 1 Pulse Width Meas. 

Interval Timer 

1 Asymmetric Pulse Generation 

Event Counter 

1 Retriggerable Interval Timer 
L Port B Latch 

(1— Enable) 
L Port D Tri-State 
(0— Tri-State High Impedance Mode) 
Full Address 



-0 Not Used 
-*1 NotUssd 



Mode Control Register 



1 



[_ RAO Positive 
Edge Detect 
PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
_ PA3 Negative 
Edge Detect 
_ Counter A 
Underflow Flag 
Counter B 



XMTR 
Flag 



Interrupt Enable and Flag Registers 



0~Odd Parity 
1'v^Even Parity 
Parity Disable 
L 1 Parity Enable 
0~8 Bits/Char 
1~7 Bits/Char 
0*^6 Bits/Char 
1 r^ 5 Bits/Char 

XMTR & RCVR ASYN Mode 

1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 



RCVR Disable 

1 RCVR Enable 

XMTR Disable 

1 XMTR Enable 



Serial Communications Control Register 



7 


6 


5 


4 


3 


2 


1 





Addr 0016 
















R 

R 

- RCVR Ov 


CVR Data 

eg Full 
er-Run 














- Parity Error 












- Frame Error 










- Wal(e-Up 








-End of Transmission 






- XMTR Data Reg Empty 




L'X 


MTR 


Un 


ter-F 


un 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 

MAPS/PIN FUNCTIONS 

C.I I/O AND INTERNAL REGISTER ADDRESSES 



ADDRESS 
(HEX) 



READ 



WRITE 



001 F 
IE 
1D 
1C 



Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 



Upper Latch B, Cntr B^Latch B, CLR Flag 
Upper Latch B, Latch C^Latch B 
Lower Latch B. 



1B 
1A 
19 
18 



Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 



Upper Latch A, Cntr A^Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 



1 7 Serial Receiver Data Register 

16 Serial Comm. Status Register 

15 Serial Comnn. Control Register 

14 Mode Control Register 



Serial Transmitter Data Register 
Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Mode Control Register 



13 

12 

11 

0010 



Interrupt Enable Register 
Interrupt Flag. Register 
Read FF 



Interrupt Enable Register 

Clear Int Flag (Bits 0-3 only, Write O's only) 



OF 
OE 
OD 
OC 



OB 
OA 
09 
08 



07 
06 
05 
04 



RESERVED 

These addresses are reserved and are used by the CPU during Read and Write 
operation over the external Data Bus (D0-D7). 



03 

02 

01 

0000 



PortD 
Porte 
PortB 
Port A 



Port D 
Porte 
PortB 
Port A 
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C^ FULL ADDRESS MODE 
MEMORY MAP 
R6501Q 



FFFE 
FFFC 
FFFA 



001 F 
0000 



IRQ VECTOR 


/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 
/ 
/ 
/ 
/ 
/ 




RES VECTOR 




NMI VECTOR 




USER PROGRAM 




INTERNAL 
REGISTERS 


RESERVED 


INTERNAL RAM (192) 


RESERVED 


I/O PORTS A. B, C, D 


I/O & REGISTERS 




0010 
OOOF 



0.4 MULTIPLE FUNCTION PIN ASSIGNMENTS 
—PORT AND PORT D 



PIN 


FULL ADDRESS 


I/O PORT 


NUMBER 


MODE 


FUNCTION 


54 


PCO 


PCO 


55 


PC1 


PCI 


56 


PC2 


PC2 


57 


PC3 


PC3 


58 


PC4 


PC4 


59 


PC5 


PC5 


60 


A13 


PCS 


61 


A14 


PC7 


62 


PDO 


PDO 


63 


PD1 


PD1 


64 


PD2 


PD2 


1 


PD3 


PD3 


2 


PD4 


PD4 


3 


PD5 


PD5 


4 


PD6 


PD6 


5 


PD7 


PD7 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 



Maximum Ratings 



RATING 



SYMBOL 



VALUE 



UNIT 



Supply Voltage 



Vcc & V„, 



-0.3 to +7.0 



Vdc 



Input Voltage 



-0.3 to +7.0 



Vdc 



Operating Temperature Range, Commercial 



Oto +70 



Storage Temperature Range 



-55 to +150 



NOTE: This device contains circuitry to protect the inputs against damage due to high static voltages; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 



D.C. Characteristics (Vcc = 5V ±5%; Vrr = Vcci Vss = 0; TA = 


= 0to70°C) 










CHARACTERISTIC 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


Power Dissipation (Outputs High) 
Commercial @ 0°C 


Po 


- 


750"' 


1100 


mW 


RAM Standby Voltage (Retention Mode) 


Vr, 


'■„' .3.0.,:;:, ,,■;.•: 


— 


Vcc 


Vdc 


RAM Standby Current (Retention Mode) 
Commercial @ 25°C 


;. W ""■.;: 


- -':'■"■■'■ 


4 


- 


mAdc 


Input High Voltage (Except XTLI) 


V,H 


+ 2.0 


— 


Vcc 


Vdc 


Input High Voltage (XTLI) 


V,H 


+ 4.0 


— 


Vcc 


Vdc 


Input Low Voltage 


V,L 


-0.3 


— 


+0.8 


Vdc 


Input Leakage Current (RES, NMI) 
Vi„ = to 5.0 Vdc 


-.U v. 


'■'• ■ ■ 




±10.0 


MAdc 


Input Low Current PA. PB, PC, PD 
(V,L = 0.4Vdc) 


Iil" 




-1.0 


-1.6 


mAdc 


Output High Voltage (Except XTLO) 
(l,oad - .100 MAdc) 


VOH 


+ 2.4 


— 


Vcc 


Vdc 


Output Low Voltage 
(iLoad -= 1 .6 mAdc) 


Vol 


— 


— 


+0.4 


Vdc 


Input Capacitance 

(Vin -0,Ta = 25°C, f = 1.0 MHz) 
XTLI, XTLO 
All Others 


Ci„ 


- 


- 


50 
10 


PF 


I/O Port Pull-Up Resistance 

PA0-PA7, PB0-PB7, PC0-PC7 


Rl 


3.0 


6.0 


11.5 


KQ 


Output Leakage Current 
Tri-State l/O's while in 
High Impedance State 


•out 


- 


- 


±10 


AtAdc 


Output Capacitance 
Tri-State l/Os while in 
High Impedance State 
V,N = OV, TA = 25°C, f = 1 .0 MHz 


CouT 


- ■. 


~ 


10 


pF 



NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 
(1) at25°C 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 



E.I GENERAL NOTES 



E.2 CLOCK TIMING 



1. Vc, 



5V ±5%, 0°C ^ TA ^ 70°C 



2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless othen/vise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below: 

PA, PB — 50pf maximum 

PC (I/O Modes Only) ~ 50pf maximum 

PC (ABB and Mux Mode) — 130pf maximum 

PC6, PC7 (Full Address Mode) — 130pf maximum 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 1 


MIN 


MAX 


MIN 


MAX 


Tcvc 


Cycle Time 


1000 


10 ms 


500 


10 ms 


■pwxi 


XTLI Input Clock 
Pulse Width 
XTLO = VSS 


500 
- 25 


— 


250 
± 10 


— 


Tpwo. 


Output Clock Pulse 
Width at Minimum 
Tcvc 


Tpwxt 


Tpwxi 
±25 


Tpwxi 


' Tpwxi 
±20 


T«,Tp 


Output Clock Rise, 
Fall Time 


~ , 


25 


— 


15 


T,R. T,p 


Input Clock Rise, 
Fall Time 


— 


10 


— 


10 




■~\: 



XTLI -J|r- 1.5V 

(XTLO = Vss) 



^ 



i^- 



Z'\ 



U T.P 

-. 1.5V 



r 



'^x 



•Tp 
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E.3 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 



SYIMBOL 


PARAIMETER 


1 IWIHz 


2 MHz 1 


IMIN 


MAX 


MIN 


MAX 


TcMos'" 

TpODW 


Internal Write to Peripheral Data Valid 
PA, PB, PC TTL 
PA, PB, PC CMOS 
PD 


- 


500 

1000 

175 


- 


500 

1000 

150 


TpDSU 
TpDSU 


Peripheral Data Setup Time 
PA, PB, PC 
PD 


200 
50 


- 


200 
50 


- 


TpHR 
TpHR 


Peripheral Data Hold Time 
PA, PB, PC 
PD 


75 
10 


- 


75 
10 


- 


Tgpw 


PA0-PA3 Edge Detect Pulse Width 


Tcvc 


- 


Tcrc 


- 


Tcpw 


Counters A and B 

PA4, PAS Input Pulse Width 
PA4, PAS Output Delay 


TcYC 


500 


Tcvc 


500 


TpBLW 
TpLSU 
TpBLH 


Port B Latch Mode 
PAO Strobe Pulse Width 
PB Data Setup Time 
PB Data Hold Time 


Tcvc 

175 
30 


- 


TcYC 

150 
30 


- 


Tpow'^'^' 
TcMos'^' 

TcPW 

Tpow'^' 


Serial I/O 
PA6 XMTR TTL 
PA6 XMTR CMOS 
PA4 RCVR S/R Clock Width 
PA4 XMTR Clock— S/R Mode (TTL) 
PA4 XMTR Clock— S/R Mode (CMOS) 


4TcYc 


500 
1000 

500 
1000 


4 Tcvc 


500 
1000 

500 
1000 



: Maximum Load Capacitance: 50pF 
Passive PuH-Up Required 



E.3.1 I/O, Edge Detect, Counter, and Serial I/O Timing 
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E.4 MICROPROCESSOR TIMING (D0-D7, 
A0-A12, A15, SYNC, R/W) 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 1 


MIN 


MAX 


MIN 


MAX 


Trws 


R/W Setup Time 




225 


— 


140 


Tads 


A0-A12,A15Setup 
Time 


— 


150 


— 


75 


Tdsu 


D0-D7 Data Setup Time 


50 


— 


35 


— 


Th« 


D0-D7 Read Hold Time 


10 , 


— 


10 


-' 


Thw 


D0-D7 Write Hold Time 


30 


- 


30 


'....— 


' MOS 


D0-D7 Write Output 
Delay 


— 


175 


— 


130 


TsVN 


SYNC Setup 


— 


225 


— 


175 


Tha 


A0-A12, A15 Hold Time 


30 


— 


30 


— 


Thrw 


R/W Hold Time 


30 


— 


30 


— 


Tacc 


External Memory Access 
Time Tacc = Tcyc— Tp— 

Tads Tqsu 




Tacc 


" 


Tacc 


TSYH 


SYNC Hold Time 


30 




30 


— 




E.4.1 Microprocessor Timing Diagram 



"^ 



DATAO- 
DATA 7 



m^ 
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R6500/1 
ONE-CHIP MICROCOMPUTER 



SECTION 1 
INTRODUCTION 



The Rockwell R6500/1 microcomputer is a complete 8-bit 
computer fabricated on a single chip using an N-channel sil- 
icon gate MOS process. The R6500/1 complements an 
established and growing line of R6500 products and has a 
wide range of microcomputer applications; 



The R6500/1 consists of an R6502 Central Processing Unit 
(CPU), 2048 bytes of Read Only Memory (ROM), 64 bytes of 
Random Access Memory (RAM) and interface circuitry for pe- 
ripheral devices. 



The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplic- 
ity, results in system cost-effectiveness and a wide range of 
computational power. These features make the R65G0/1 a 
leading candidate for microcomputer applications. 



To facilitate system and program development for the 
R6500/1, Rockwell has developed an R6500/1E Emulator 
part. A description of the R6500/1E is contained in Appen- 
dix D. 



This product description Is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is Included 
in the R6500 Microcomputer System Hardware Manual 
(Document Number 29650N31). A description of the instruc- 
tion capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Docu- 
ment Number 29650N30). 



FEATURES 



Single-chip microcomputer 

R6502 software compatible 

Eight-bit parallel processing 

Decimal or binary arithmetic 

Variable length stack 

True Indexing capability 

Thirteen addressing modes 

1 or 2 MHz clock operation, with the following options: 

— External single clock input 

— RC time base input 

— Crystal time base input 
Single +5V power supply 
500 mw operating power 

Separate power pin for RAM with standby power only 1 0% of 

operating power 

2K X 8 ROM on chip 

64 X 8 RAM on chip 

40-pin dual in-line package 

64-pin Emulator part available, with 40 signals identical to 

production part 

Pipeline architecture 

32 bidirectional TTL compatible I/O lines 

-— 1 positive edge sensitive I/O line 

— 1 negative edge sensitive I/O line 

1 bidirectional TTL compatible counter I/O line 
1 6-bit timer/counter 
Four timer/counter modes 

— Internal timer 

— Pulse generator 

— Event counter 

— Pulse width measurement 
Three maskable interrupts 

— 1 counter overflow 

— 2 I/O edge detect 
NMI and Reset interrupts 



Document No. 29650N48 
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SECTION 2 
R6500/1 INTERFACE REQUIREMENTS 



This section describes the interface requirements for the 
R6500/1 - single chip nnicrocomputer. Figure 2-1 is the Inter- 
face Diagram for the R6500/1. Figure 2-2 shows the pin out 



configuration and Table 2-1 describes the function of each 
pin of the R6500/1. 









XTLI ► 
XTLO ^ 

WIS ^ 

NMT- ^ 

VCC (► 
VSS ^ 
VRR ► 












<C^t> PA0-PA7 
<;8^ PB0-PB7 
<C^Z> PC0-PC7 
<C8C> PD0-PD7 




CLOCK 
OSCILLATOR 




EDGE 
pETECT 
















INTERRUPT 
LOGIC 




PORT A 
















CPU 
(65021 




PORTB 
















64 X 8 
RAM 




PORT C 
















2048 X 8 
ROM 




PORTD 
















CONTROL 
REGISTER 




COUNTER/ 
LATCH 



























vrrCZ 1 


AO 


Z) NMI 


PD7 CI 


2 


39 


ZDRES 


PD6 cr 


3 


38 


ZDpao 


PD5 C 4 


37 


Z3PA1 


PD4 [Z 5 


36 


II3PA2 


PD3 CZ 6 


35 


Z3PA3 


PD2 CZ 


7 


34 


ZaPA4 


PDl CZ 


8 


33 


IZ3PA5 


PDO CZ 


9 


32 


Z3PA6 


XTLI CZ 


10 


31 


ZDPA7 


XTLOCZ 


11 


30 


Z3 VCC 


VSS CZ 


12 


29 


I^PBO 


PC7 CZ 


13 


28 


^PBI 


PC6 CZ 


14 


27 


Z3PB2 


PC 5 CZ 


15 


26 


Z3PB3 


pcf4 CZ 


16 


25 


Z3pB4 


PC3 CZ 


17 


24 


:dpb5 


PC2 CZ 


18 


23 


^PB6 


PC1 CZ 


19 


22 


Z3pb7 


pco CZ 


20 


21 


Z3CNTR 











Figure 2-1 . R6500/1 Interface Diagram 



Figure 2-2. R6500/1 Pin Out Designation 



Table 2-1. R6500/1 Pin Description 



Signal Name 


Pin No. 


Description 


VCC 


30 


Main power supply VSV 


VRR 


'l 


Separate power pin for RAM. In the event that VCC power Is lost, this power retains 
RAM data. 


VSS 


12 


Signal and power ground (OV) 


XTLI 


10 


Crystal, clock or RC network input for internal clock oscillator. 


XTLO 


1 


Crystal or RC network output from internal clock oscillator. 


RES 


39 


The Reset input is used to initialize the R6500/1. The signal must not transition from low 
to high for at least eight cycles after VCC reaches operating range and the internal oscil- 
lator has stabilized (see section 5). 

+ 10y input enables the test mode. 


NMI 


40 


A negative going edge on the Non-Maskable Interrupt signal requests that a non- 
maskable interrupt be generated within the CPU. 


PA0-PA7 
PB0-PB7 
PC0.PC7 
PD0-PD7 


38-31 

29-22 

20-13 

9-2 


Four 8-bit ports used for either input/output. Each line consists of an active transistor to 
VSS and an optional passive pull-up to VCC. The two lower bits of the PA port 
(PA0-PA1) also serve as edge detect inputs with maskable interrupts. 


CNTR 


21 


This line Is used as a Counter input/output line. CNTR is an input in the Event Counter 
and Pulse Width Measurement modes and is an output In the Interval Timer and Pulse 
Generator modes. It consists of an active transistor to VSS and an optional passive 
pull-up to VCC 
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SECTION 3 
SYSTEM ARCHITECTURE 



This section provides a functional description of the R6500/1. 
A block diagram of the R6500/1 is presented in Figure 3-1 . 



either user instructions or the Interrupt lines NMI and IRQ. 
The Stack Pointer must be initialized by the user program. 



3.1 INDEX REGISTERS 

There are two 8-blt index registers, X and Y. Each index 
register can be used as a base to modify the address data 
program counter and thus obtain a new address — the sum 
of the program counter contents and the and the index reg- 
ister contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 



The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many 
types of data manipulation. The JSR, BRK, RTI and RTS 
instructions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the mem- 
ory location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented 
by 1 . The Stack Pointer is then placed on the Address Bus, 
and data are read from the memory location addressed by 
the Pointer. 



3.2 STACK POINTER 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to 



3.3 ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
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Figure 3-1. R6500/1 Block Diagram 
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(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always 
gated into one of the storage registers or to external mem- 
ory during the next cycle. 

Each bit of the ALU has two Inputs. These inputs can be 
tied to various internal buses or to a logic zero; the ALU 
then generates the function (AND, OR, SUM, and so on) 
using the data on the two inputs. 



3.4 ACCUMULATOR 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.5 PROGRAM COUNTER 

The 12-bit Program Counter provides the addresses that 
are used to step the processor through sequential instruc- 
tions in a program. Each time the processor fetches an 
instruction from program memory, the lower (least signifi- 
cant) byte of the Program Counter (PCL) is placed on the 
low-order bits of the Address Bus and the higher (most sig- 
nificant) byte of the Program Counter (PCH) is placed on 
the high-order 4 bits of the Address Bus. The Counter is 
incremented each time an instruction or data is fetched 
from program memory. 

3.6 INSTRUCTION REGISTER AND 
INSTRUCTION DECODE 

Instructions are fetched from ROM or RAM and gated onto the 
Internal Data Bus. These instructions are latched into the Instruc- 
tion Register then decoded along with timing and interrupt signals 
to generate control signals for the various registers. 



3.7 TIMING CONTROLS 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many 
cycles as are required to complete the instruction. Each 
data transfer which takes place between the registers Is 
caused by decoding the contents of both the instruction reg- 
ister and timing control unit. 



3.9 CLOCK OSCILLATOR 

The Clock Oscillator provides the basic timing signals used 
by the R6500/1 CPU. The reference frequency is provided 
by an external source, and can be from a crystal, clock or 
RC network input. The RC network mode is a mask option. 
The external frequency can vary from 200 kHz to 4 MHz. 
The internal Phase 2 (02) frequency is one-half the external 
reference frequency. Figure 3-2 shows typical connections. 
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NOTE 



c, RC Network Input (Mask Option) 

(1 ) C IS PROVIDED INTERNALLY BY THE R6S00/1 . 

(2) THE RC OPTION IS AVAILABLE ONLY ON THE 
1 MHz R6500/1. 




3.8 INTERRUPT LOGIC 



Figure 3-2. Clock Oscillator Input Options 



3.10 PROCESSOR STATUS REGISTER 



Interrupt logic controls the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of thrpe 
conditions: Counter Overflow, PAO Positive Edge Detected, 
and PA1 Negative Edge Detected. 



The 8-blt Processor Status Reglsterj shown in Figure 3-3, 
contains seven status flags: Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6500 Instruction 
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set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 

3.10.1 CARRY BIT (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation, it is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic if no carry 
occurred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) 
instruction, respectively. Other operations which affect the 
Carry Bit are ADC, ASL, CIVIP, CPX, CPY, LSR, PLP, ROL, 
ROR, RTi, and SBC. 

3.10.2 ZERO BIT (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any 
data movement or calculation which sets all 8 bits of the 
result to zero. This bit is cleared to logic when the result- 
ant 8 bits of a data movement or calculation operation are 



not all zero. The R6500 instruction set contains no instruc- 
tion to specifically set or clear the Zero Bit. The Zero Bit is, 
however, affected by the following instructions: ADC, AND, 
ASl, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TXA, TSX, and TYA. 

3.10.3 INTERRUPT DISABLE BIT (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, 
the IRQ signal will be ignored. The CPU will set the Inter- 
rupt Disable Bit to logic 1 if a RESET (RES) or Non- 
Maskable Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt (CLI) instruction, 
the Pull Processor Status from Stack (PLP) instruction, or 
as the result of executing a Return from Interrupt (RTI) 
instruction (providing the Interrupt Disable Bit was cleared 
prior to the interrupt). The Interrupt Disable Bit may be set 
or cleared under program control using a Set Interrupt Disa- 
ble (SEI) or a Clear Interrupt Disable (CLI) instruction, 
respectively. 



• CARRY (c) (1) 

1 = Carry Set 

= Carry Clear 

ZEROiZ) (1) 

1 = Zero Result 

= No n- Zero Result 

- INTERRUPT DISABLE (I) (2) 

1 = IRQ Interrupt Disabled 
= IRQ Interrupt Enabled 

-DECIMAL MODE (D) (1) 



Decimal Mode 
Binary Mode 



■ BREAK COMMAND (B) (1) 



Break Command 
Not Break Command 



NOTES 

(1 ) Not initialized by RES 

(2) Set to Logic 1 by RES 



- OVERFLOW (O) (1) 

1 = Overflow Set 

= Overflow Clear 

• NEGATIVE (N) (1) 

1 = Negative Value 
= Positive Value 



Figure 3-3. Processor Status Register 
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3.10.4 DECIMAL MODE BIT (D) 

The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to 
logic 0, the adder operates as a straight binary adder. The 
adder mode is controlled only by the programmer. The Set 
Decimal Mode (SED) instruction will set the D bit; the Clear 
Decimal Mode (CLD) instruction will clear it. The PLP and 
RTI instructions also effect the Decimal Mode Bit. 



CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application to 
R6500/1 . This bit must be initialized to the desired 
state by the user program or erroneous results may 
occur. 



3.10.5 BREAK BIT (B) 

The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered, if the IRQ 
service routine was entered because the CPU executed a 
BRK command, the Break Bit will be set to logic 1 . If the 
IRQ routine was entered as the result of an IRQ signal 
being generated, the B bit will be cleared to logic 0. There 
are no instructions which can set or clear this bit. 



3.10.6 OVERFLOW BIT (V) 



arithmetic operation is negative; if the sign bit is cleared, 
the result of the data movement or arithmetic operation s 
positive. There are no instructions that set or clear the Neg- 
ative Bit since the Negative Bit represents only the status of 
a result. The instructions that effect the state of the Nega- 
tive Bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, 
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, 
ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, TSX, 
TXA,andTYA. 

3.112KX8ROM 

The R6500/1 2048 byte x 8-bit Read Only Memory (ROM) 
usually contains the user's program instructions and other 
fixed constants. These program instructions and constants 
are mask-programmed into the ROM during fabrication of 
the R6500/1 device. The R6500/1 ROM is memory mapped 
from 800 to FFF. 

3.12 64 X 8 RAM 

The 64 byte x 8-bit Random Access Memory (RAM) con- 
tains the user program stack and is used for scratchpad 
memory during system operation. This RAM is completely 
static in operation and requires no clock or dynamic refresh. 
The data contained in RAM is read out nondestructively 
with the same polarity as the input data. A standby power 
pin, VRR allows RAM memory to be maintained on 10% of 
the operating power. In the event that VCC power is lost 
and execution stops, this standby power retains RAM data 
until execution resumes. 




The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n ^ 
127). This indicator only has meaning when signed arithme- 
tic (sign and seven magnitude bits) is performed. When the 
ADC or SBC instruction is performed, the Overflow Bit is 
s6t to logic 1 if the polarity of the sign bit (bit 7) is 
changed because the result exceeds +127 or -128; other- 
wise the bit is cleared to logic 0. The V bit may also be 
cleared by the programmer using a Clear Overflow (CLV) 
instruction. 

The Overflow Bit may also be used with the BIT instruction: 
The BIT instruction which niay be used to sample interface 
devices, allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. Duriing a BIT instruction the 
Overflovy Bit is set equal tp the content of the bit 6 on the 
data tested with BIT instriictidn. When uSed in this mode, 
the overflow has nothing to do with signed arithmetic, biJt is 
just another sense bit for the microprocessor. Instructions 
which affect the V flag are ADC, BIT, CLV, PLP, RTI and 
SBC. 

3.10.7 NEGATIVE BIT (P 

The Negative Bit (N) is used to indicate that the sign bit 
(l)it 7), in the resulting value of a data movement or data 
arithmeiic operation, ts set to logic i. If the sign bit is set 
to logic 1, the resulting value of the data movement or 



In order to take advantage of zero page addressing capabil- 
ities, the R6500/1 RAM is assigned page zero memory 
address to 03F. 

3,13 CONTROL REGISTER 

The Control Register (CR), shown in Figure 3-4, is located 
at address 08F. The CR contains five control signals and 
three status signals. 

The control signals are summarized in Table 3-1. The con- 
trol signals are set to logic 1 by writing logic 1 into the 
respective bit positions and cleared to logic either by writ- 
ing logic into the respective bit position or by the occur- 
rence of a RES signal. 

Table 3-1. CR Control Signals 





Bit 


Control Signal Name 


Number 


Counter Mode Control (CMCO) 





Counter IVIode Control 1 (CMC1) 


1 


PA1 Interrupt Enabled (A1 IE) 


2 


RAO Interrupt Enabled (AOIE) 


3 


Counter interrupt Enabled (CIE) 


4 



The three status signals are summarized in Table 3-2. 
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CR7 CR6 CR5 CR4 
CTRO AOED A1ED CIE 



CR3 

AOIE 



CR2 

A1IE 



CRl 

CMC1 



CRO 
CMCO 



. COUNTER MODE CONTROL (CMC1 & CMCO) 



Op = Interval Timer 

1 = Pulse Generator 

1 = Event Counter 
11= Pulse Width Measurement 



PA1 INTERRUPT ENABLE (ATIE) 

1 = Enable PA1 Interrupt 
= Disable PA1 interrupt 



PAO INTERRUPT ENABLE (AOIE) 

1 = Enable PAO Interrupt 
= Disable PAO Iriterrupt 

• COUNTER INTERRUPT ENABLE (CIE) 



= Enable Counter Interrupt 
■ Disable Counter interrupt 



• PA1 NEGATIVE EDGE DETECTED (A1ED) 

1 = PA1 Negative Edge Detected 

= PA1 Negative Edge Not Detected 

- PAO POSITIVE EDGE DETECTED (AOED) 

1 = PAO Positive Edge Detected 

= PAO Positive Edge Not Detected 

- COUNTER OVERFLOW (CTRO) 



1 = Counter Overflow Occurred 
= No Counter Overflow 



Figure 3-4. Control Register (CR) 



Table 3-2. CR Status Signals 



Table 3-3. Counter Mode Control Selection 



Status Signal Name 


Bit 
Number 


PAl Negative Edge Detected (A1 ED) 
PAO Positive Edge Detected (AOED) 
Counter Overflow (CTRO) 


5 
6 
7 



The status signals are read-only information. The status bits 
are set to logic 1 by hardware m onito ring logic and cleared 
to logic by the occurrence of RES signal or by specific 
address commands. Each of these signals is described in 
the following sections. 

3.13.1 COUNTER MODE GONtROL AND 1 

Counter Mode Control signals CIVICO and CMC1 (bits and 
1) control the Counter operating modes. The modes of 
operation and the corresponding configuration of CMCO and 
CMC1 are summarized in Table 3-3. 

These modes are controlled by writing the appropriate bit 
values Into the Counter Mode Control bits. 



CMC1 
(Bitl) 


CMCO 
(BItO) 


Mode 





1 

1 




1 



1 


Interval Timer 

Pulse Generator 

Event Counter 

Pulse Width Measurement 



The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated or if the user program . stores logic 
Into Bits and 1 of the Control Register. A complete 
description of each of the Counter modes is given in Sec- 
tion 3.14.1. 



3.13.2 PAl INTERRUPT ENABLE BIT (A1IE) 

If the PAl Interrupt Enable Bit (CR2) is set to logic 1, an 
IRQ interrupt request signal will be generated when the 
PA1 Negative Edge Detected Bit (CR5) is set. 



3-110 



R6500/1 



One-Chip Microcomputer 



3.13.3 PAO INTERRUPT ENABLE BIT (AOIE) 

If th e PAO Interrupt Enable Bit (CR3) Is set to logic 1, the 
IRQ interrupt request signal will be .generated when the 
PAO Positive Edge Detected Bit (CR6) is set. 

3.13.4 COUNTER INTERRUPT ENABLE BIT (CIE) 

If the Counter Interrupt Enable Bit (CR4) is set to logic 1, 
the IRQ interrupt request signal will be generated when 
Counter Overflow (CR7) is set. 

3.13.5 PA1 NEGATIVE EDGE DETECTED BIT 
(A1ED) 

The PA1 Negative Edge Detected Bit (CR5) is set to logic 
1 whenever a negative (falling) edg e is detected on PA1 . 
This bit is cleared to logic by RES or by writing to 
address 08A. 

The edge detecting circuitry is active when PA1 is used 
either as an input or as an output. When PA1 is used as 
an output, A1ED will be set when the negative edge Is 
detected during a logical 1 to transition. 

When PA1 is used as an input and the negative edge 
detecting circuitry is used, A1ED should be cleared by the 
user program upon initialization and when the PA1 Negative 
Edge Detected IRQ processing is completed. 

3.13.6 PAO POSTIIVE EDGE DETECTED BIT (AOED) 

The PAO Positive Edge Detected Bit (CR6) is set to logic 1 
whenever a positive (rising) edge is detected on PAO. The 
bit is cleared to logic by RES or by writing to address 
089. 

The edge detecting circuitry Is active when PAO is used 

either as an input or as an output. When PAO is used as 

an output, AOED will be set when the positive edge is 
detected during a logical Oto 1 transition. 

When PAO is used as an input and the positive edge 
detecting circuitry is used, AOED should be cleared by the 
user program upon initialization and upon completion of 
PAO Positive Edge Detected IRQ processing. 

3.13.7 COUNTER OVERFLOW BIT (CTRO) 

The Counter Overflow Bit (CR7) is set to logic 1 whenever 
a counter overflow occurs in any of the four counter operat- 
ing modes. Overflow occurs when the counter is decre- 
me nted one count from 0000. This bit Is cleared to logic 
by RES or by reading from address 087 or writing to 
address 088. 

This bit should be cleared by the user program u pon 
Initialization and upon completion of Counter Overflow IRQ 
Interrupt processing. 

When a Counter Overflow occurs, the Upper Count (UC) in ad- 
dress 086 and the Lower Count (LC) in address 087 are reset to 



the values contained In the Upper Latch (UL) in address 084 and 
in the Lower Latch (LL) in address 085, respectively. Therefore, it 
is important to load the Lower Latch value prior to executing the 
Write to Upper Latch and Transfer Latch to Counter (address 
088) in order to prevent an u npred icted reoccurrence of Counter 
Overflow and, if enabled, an IRQ Interrupt request. 

3.14 COUNTER/LATCH 

The Counter/Latch consists of a 16-bit Counter and a 16-bit 
Latch. The Counter resides in two 8-bit registers: address 
086 contains the Upper Count value (bits 8-15 of the Coun- 
ter) and address 087 contains the Lower Count value (bits 
0-7 of the Counter). The Counter contains the count of 
either 02 clock periods or external events depending on 
which counter mode is selected in the Control Register 
(Section 3.13.1). 

The Latch contains the Counter initialization value. The 
Latch resides in two 8-blt registers: address 084 contains 
the Upper Latch value (bits 8-15 of the Latch) and address 
085 contains the Lower Latch value (bits 0-7 of the Latch). 
The 16-bit Latch can hold values from to 65535. 

The Latch registers can be loaded at any time by executing 
a write to the Upper Latch Address (084) and the Lower 
Latch Address (085). In each case, the contents of the 
Accumulator are copied into the applicable Latch registei'. 
Thfe Upper Latch and Lower L^tch can be loaded independ- 
ently; it is not required to load both registers at the same 
time or sequentially. The Upper Latch can also be loaded 
by writing to address 088. 

The Counter can be initialized at any time by writing to 
address 088. The contents of the Accumulator will be cop- 
ied into the Upper Latch before the value In the Upper 
Latch is transferred to the Upper Counter. 

The Counter will also be Initialized to the Latch value when- 
ever the Counter overflows. When the Counter decrements 
from 0000, the next Counter value will be the Latch value, 
notFFFF. 

Whenever the Counter overflows, the Counter Overflow Bit 
(CR7) is set to logic 1. This bit is cleared whenever the 
lower eight bits of the counter are read from address 087 
or by writing to address 088. 

3.14.1 COUNTER MODES 

The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Con- 
trol Register. 




Mode 

Interval Timer 

Pulse Generator 

Event Counter 

Pulse Width Measurement 



CMC1 CMCO 



1 

1 
1 T 
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The Interval Timer, Pulse Generator, and Pulse Width 
Measurement Modes are 02 clock counter modes. The 
Event Gounter Mode counts the occurrences of an external 
event on the CNTR line. 

Interval Timer (Mode 0) 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load 
Upper Latch and Transfer Latch to counter address 
(088), the Counter is loaded with the Latch value. Note 
that the contents of the Accumulator are loaded into 
the Upper Latch before the Latch value is transferred 
to the Counter. 

The Counter value is decremented by one count atthe (1>2 clock 
rate. The 16-bit Counter can hold from 1 to 65535 counts. The 



Counter Timer capacity is therefore 1m-s to 65.535ms at the 1 
MHz 02 clock rate or 0.5/Lts to 32.768ms at the 2 MHz 02 clock 
rate. Time Intervals greater than the maximum Counter value can 
be easi ly me asured by counting IRQ interrupt requests in the 
counter IRQ interrupt routine. 



When the Counter decrements from 0000, the Counter 
Overflow (CR7) is set to logic 1 at the next 02 clock pulse. 
If the Counter Interrupt enable bit (CR4) is also set, an IRQ 
interrupt request will be generated. The Counter Overflow 
bit In the Control Register can be e xami ned in the IRQ 
interrupt routine to determine that the IRQ was generated 
by the Counter Overflow. 

While the timer is operating in the Interval Timer Mode, the 
Counter Out/Event line is held in the high (output disabled) 
state. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 3-5. 
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Figure 3-5. Interval Timer (IMode 0) Timing Diagram 



Pulse Generator Mode (Mode 1) 

In the Pulse Generator mode, the Counter Out/Event In line 
(CNTR) operates as a Counter Out. The CNTR line toggles 
from low to high or from high to low whenever a Counter 
Overflow occurs, or a write is performed to address 088. 

Either a symmetric or asymmetric output waveform can be 



output on the CNTR jine in this mode. The CNTR output is 
initialized high by a RES since the Interval Timer mode is 
established by RES. 

A one-shot waveform can be easily generated by changing 
from Mode 1 Pulse Generator to Mode (interval Timer) 
after only one occurrence of the output toggle condition. 
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Event Counter Mode (Mode 2) 

In this mode the CNTR line is used as an Event In line, 
and the Counter with decrement with each rising edge 
detected on this line. The maximum rate at which this edge 
can be detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
overflowing. As in the other modes, the Counter Overflow 
bit (CR7) is set to logic 1 if the overflow occurs. 

Figure 3-6 is a timing diagram of the Event Counter Mode. 

Pulse Width Measurement Mode (Mode 3) 

This mode allows the accurate measurement of a low pulse 
duration on the CNTR line, in this mode, CNTR is used in 
the Event In capacity. The Counter decrements by one 



count at the 02 clock rate as long as the CNTR line is held 
in the low state. The Counter is stopped when CNTR is In 
the high state. 

If the CNTR pin is left disconnected, this mode may be 
selected to stop the Counter since the internal pull-up 
device will cause the CNTR input to be in the high (>2.0V) 
state. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 3-7. 

3.15 INPUT/OUTPUT PORTS 

The R6500/1 provides four 8-bit Input/Output (I/O) ports 
(PA, PB, PC, PD). These 32 I/O lines are completely 
bidirectional. All lines may be used either for input or output 
in any combination; that is, there are no line grouping or 
port association restrictions. 
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Figure 3-7. Pulse Width Measurement (Mode 3) 
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The direction of the 32 I/O lines are oontrollecl by four 8-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with the 
I/O ports, which simplifies I/O handling. The I/O addresses are 
shown in Table 3-4. 



The status of the input lines can be Interrogated at any 
time by reading the I/O port addresses. Note that this will 
return the actual status of the input lines, not the data writ- 
ten Into the I/O port registers. 

3,15.2 OUTPUTS 



Table 3-4. I/O Port Addresses 



Ron 


Address 


A 
B 
C 
D 


080 
081 
082 
083 



Figure 3-8 shows the I/O Port Timings. 

3.15.1 INPUTS 

Inputs are enabled by loading logic 1 into all I/O port register bit 
positions that are to correspond to I/O input lines. A low (<0.8V) 
input signal will cause a loyic to be read when a read instruction 
is issued to the port r egiste r. A high (>2.0V) input will cause a 
logic 1 to be read. An RES signal forces all I/O port registers to 
logic 1 thus initially treating all I/O lines as inputs. 



Outputs are controlled by writing the desired I/O line output 
states into the corresponding I/O port register bit positions. 
A logic 1 will force a high (>2.4V) output while a logic 
will force a low (<0.4V) output. 

3.15.3 EDGE DETECTION CAPABILITY 

Ports PAG and PA1 have an edge detection capability. Fig- 
ure 3-9 shows the edge detection timing. 

PAO Positive Edge Detecting Capability 

In addition to its normal I/O function, PAO will detect an 
asynchronous positive (rising) edge signal and set the PAO 
Positive Edge Detected signal (GR6) to logic 1. The maxi- 
mum rate at which this positive edge can be detected Is 
one-half the ^2 clock rate. 

If the PAO Interrupt Enable Bit (CR3) is set, an IrQ inter- 
rupt request will also be generated. The PAO Positive Edge 
Detected signal can be cleared by writing to address 089. 



I/O PORT OUTPUT TIMING 
02 



INTERNAL R/W 



PA, PB, PC, PD OUTPUT 



V 



2.4V 
0.4V 



■\/3c- 

\r:^ 2.4V 

/\ 0.4V 



I/O PORT INPUT TIMING 

02 



INTERNAL R/W . _ 



PA, PB, PC,PD INPUT 



1 



PDSU 



2.0V 
0.8 V 



Figure 3-8. I/O Port Timing 
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Figure 3-9. PAO and PA1 Edge Detection Timing 




PA1 Negative Edge Detecting Capability 



3.16 MASK OPTIONS 



In addition to its normal I/O function, PA1 will detect an 
asynchronous negative (falling) edge signal and set the PA1 
Negative Edge Detected signal (CR5) to logic 1. The maxi- 
mum rate at which this negative edge can be detected is 
one-half the 02 clock rate. 

If the PA1 Interrupt Enable signal (CR2) is set, an IRQ 
interrupt request will also be generated. The PA1 Negative 
Edge Detected signal may be cleared by writing to address 
08A. 



An option is provided to delete the internal pull-up resistance from 
PA, PB, PC and/or PD ports at mask time. This option is available 
for 8-blt port groups only, not for individual port lines. This option 
may by used to aid interface with CMOS drivers, or in order to 
interface with external pull-up devices. 



An option is also provided to delete the internal pull-up 
resistance on the CNTR line. 
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SECTION 4 
IRQ INTERRUPT REQUEST GENERATION 



An IRQ interrupt request can be initiated by any or all of 
three possible sources. These sources are all capable of 
being enabled or disabled by the use of the appropriate 
interrupt enabled bits in the Control Register. 

The first source of IRQ is Counter Overflow. The IRQ interrupt 
request will be driven low whenever both the Counter Interrupt 
Enable (CR4) and the Counter Overflow (CR7) are logic 1 . 

The second source of IRQ is detection of a positive edge 
on PAO. The IRQ inerrupt request will be driven low when- 
ever both the PAO Interrupt Enable (CR3) and the PAO 
Positive Edge Detected (CR6) are logic 1 . 

The third source of IRQ is detection of a negative edge on 
PA1. The IRQ interrupt request will be driven low whenever 
both the PA1 Interrupt Enable (CR2) and the PA1 Negative 
Edge Detected (CR5) are logic 1 . 



Multiple simultaneous interrupts will cause the IRQ Interrupt 
request to remain active until all interrupting conditions have 
been serviced, and cleared. 



If the same data, i.e., the same RAM, counter/latch or I/O 
addresses, are operated on asynchronously by a normal 
processing routine and by an interrupt service routine, care 
must be taken to prevent loss of data due to the interrupt 
routine altering the data during update of the data by the 
normal processing routine. This situation can be prevented 
by disabling the IRQ interrupt with the SEI instruction be- 
fore starting the data update in the normal processing and 
then enabling the interrupt with the CLI instruction upon 
conipletion of data update. 
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SECTION 5 
POWER ON/OFF CONSIDERATIONS 



5.1 POWER-ON RESET 

The occurrence of RES going from low to high will cause 
the R6500/1 to set the Interrupt Mask Bit — bit 2 of the 
Processor Status Register — and initiate a reset vector fetch 
at address FFE and FFF to begin user program execution. 
All of the I/O ports (PA, PB, PC. and PD) and CNTR will 
be forced to the high (logic 1) state. All bits of the Control 
Register will be cleared to logic causing the Interval 
Timer counter mode (mode 00) to be selected and causing 
all interrupt enabled bits to be reset. 

5.2 POWER ON/OFF TIMING 

After application of VCC power to the R6500/1, RES must 
be held low for at least eight 02 clock cycles after VCC 
reaches operating range and the internal clock oscillator has 
stabilized. This stabilization time is dependent upon the 
input VCC voltage and performance of the crystal, clock, or 
RC network input circuit. The clock oscillator output can be 
monitored on XTLO (pin 11). 

Figure 5-1 illustrates the power turn-on waveforms. 

5.3 RAM DATA RETENTION — VRR 
REQUIREMENTS 

For the RAM to retain data upon loss of V CC, VRR must 
be supplied within operating range and RES must be driven 



low at least eight 02 clock pulses before VCC falls out of 
operating range. RES must then be held low while VCC is 
out of operating range and until at least eight 02 clock 
cycles after VCC is again within operating range and the 
internal 02 oscillator is stabilzed. VRR must remain within 
VCC operation range during normal R650G/1 operation. 
When VCC is out of operating range, VRR must remain 
within the VRR retention range in order to retain data. Fig- 
ure 5-2 shows typical waveforms. 

5.4 RAM DATA RETENTION OPERATION 

The requirement for R6500/1 RAM data retention and re- 
start operation is application dependent. If R6500/1 RAM 
data retention is not required during loss of VCC, then VRR 
can be connected to the same power source as VCC. 
With this configuration a complete initialization of R6500/1 
program variables in RAM is required upon VCC and VRR 
power application. 

If the R6500/1 RAM is to retain data during loss of VCC, 
the following is required: 

1 . Connection of VCC and VRR to separate power supplies 
or to the same primary power supply with isolation 
diodes and battery or other backup power for VRR. 

2. VCC power monitor hardware with power loss and 
cold/warm start indications to the R6500/1 . 

3 Power loss detection as well as cold and warm start 
initialization in the R6500/1 program. 
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Figure 5-1. Power Turn-On Timing Detail 
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Figure 5-2. RAM Retention Mode Timing 



The power monitor hardware must sense the loss of VCC 
power in sufficient time to allow the R6500/1 td save re- 
quired CPU register data in RAM^ The power loss indication 
line can be connected to the NMI interrupt input in order to 
cause an immediate R6500/1 interrupt upon power loss 
detection. 

The power monitor hardware should also provide an indica- 
tion of cold start (initial VCC and VRR power application) or 
warm start (VCC power re-applicatlon while VRR is retained 
on backup power) provided as input on a data I/O pin. 

A level indication is sufficient. The R6500/1 program can 
then initialize all, or partial, program variables upon initial- 
ization then jump to any other starting address as required 



depending upon cold/warm start condition. 



Upon power loss detection, the R6500/1 should save all required 
CPU register data in either the stack or dedicated RAM. The stack 
may be preferred if dedicated RAM is not available. If the program 
is to restart at the interrupted address, then all CPU registers 
must be saved, i.e., S, P, PC, A, X, and Y. The stack pointer must 
be saved in a dedicated RAM address. Note that processor status 
P and the program counter, PC, are already saved on the stack by 
the NMI interrupt R6500/1 hardware processing. If the warm start 
can be performed at a specific address, then the saving of the 
register data at power loss detection may not be required. Figure 
5-3 shows top level flowcharts of typical power down and 
power-up processing. 



3-118 



R6500/1 



One-Chip Microcomputer 



























n 




f hlMl INTERRUPT j 






c 


RESET 


) 








# 




M 






ACQUIRE/COMPUTE 

AND SAVE DATA 

AS REQUIRED 






COMMON INITIALIZATION 






* 








A 

COLD 
START 








SAVE A, X, &Y IN STACK 
SAVE S IN DEDICATED RAM 






YES y^ 


^S. NO 






I JMP TO PC* j 




COLD 

START 

ADDRESS 


\ 

V 


? 


WARM 

START 

ADDRESS 






•HANG UP IN SHORT 
LOOP UNTI L EXECUTION 
TERMINATES 




INITIALIZE COLD START 
UNIQUE VARIABLES 


INITIALIZE WARM START 
UNIQUE VARIABLES 








i 


+ 






a. Program Recovery at 


( CONTINUE j 


RESTORE S FROM DEDICATED RAM 
RESTORE A, X, Y FROM STACK 




Address of Interruption 






( RTI 


~^ 
























[ NMI INTERRUPT j 


c 


RESET 









t 




i 






ACQUIRE/COMPUTE & 

SAVE DATA AS 

REQUIRED 






COMMON INITIALIZATION 






i 








A 

COLD 
START 








f JMP TO PC* j 




YES y^ 


\ . 






•HANG UP IN SHORT 
LOOP UNTIL EXECUTION 
TERMINATES 




COLD 

START 

ADDRESS 


} 






r 


WARM 

START 

ADDRESS 






INITIALIZE COLD START 
UNIQUE VARIABLES 


INITIALIZE WARM START 
UNIQUE VARIABLES 




b. Program Recovery at 
Specific Restart Address 


f CONTINUE j 


I CONTINUE j 


















_^ 



Figure 5-3. typical R6500/1 Power Loss Recovery Fiowcharts 
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SECTION 6 
TEST 



6.1 TEST MODE 

The R6500/1 test function is multiplexed on tlie RES input 
pin. The three input states for this pin are: 

1. <0.8V Reset state. All R6500/1 outputs are 

forced to the high state. 

2. >2.0V and Normal run state. The low to high transi- 
<5.5V tion on the RES pin initiates fetch of the 

reset vector from address FFC and FFD 
and starts user program execution at the 
vectored address. 

3. >10.0V and Test state. The only internal action that 
<10.5V takes place is switching of the data 

source for instruction memory from in- 
ternal ROM to I/O port "C". Bit of port 
"0" is the data least significant bit (LSB). 



The test mode allow^ instructions and data to be input externally 
through I/O port "C". This capability is used at Rockwell to test all 
of the R6500/1 logic, registers and internal data RAM. A ROM 
dump may be accomplished by using the test feature to load into 
the internal RAM a small program to fetch each byte of ROM and 
output it to an I/O port. After this program is loaded the CPU is 
directed to begin exe cution out of RAM, e.g., JMP to 00. After the 
jump is executed, the RES line is returned to the normal run state. 
The normal run state allows data fetches to occur out of the 
internal ROM and returns port "C" to its normal function. 



The detail support hardware and software required to use 
the R6500/1 test mode is fairly complex and time critical. 
For normal application testing, it is recommended that a test 
program be loaded into RAM and executed as explained in 
Section 6.2. 



6.2 PROGRAM LOADING INTO RAM 

A test or application program can easily be loaded into the 
R6500/1 RAM and executed without forcing the R6500/1 
Into the test mode. To do this, a shcil program loader func- 
tion must be pemnanently included in the application program 
stored In ROM. Upon test mode selection during R6500/1 
initialization, the loader reads instructions or data from an 
I/O port and stores them into RAM. At the first completion 
of the load, the loader then jumps to the first instruction in 
RAM to start program execution. 

A program is described which may be used to load test or 



application program into RAM. It can easily be adapted to 
specific requirements by re-assigning l/C) as required. The 
loader uses positive handshake between the R6500/1 and 
the interfacing host equipment. One I/O line is dedicated to 
the test mode selection. The other pins assigned to loader 
interface signals may be assigned to normal application I/O 
interface signals when the test mode Is not selected. 

I/O is assigned for the RAM Program Loader as follows: 



PAG 



PA1 



PA2 



PA7 



PB7-PB0 



Data Ready (DR) — Positive edge indi- 
cates data is ready for sampling by the 
R6500/1. 

End of Data (EOb) — Negative edge 
indicates that all the data has been 
transferred to the R65Q0/1 . 

Data Taken (DT)— r 

= Data Not Taken 

1 = DataTakeri 

Normal Mode Select (NMS) — 

= Test Mode 

1 = Normal Mode 

Data input, i.e., instruction or data (PB7 
= MSB, PBO = LSB) 



The flowchart in Figure 6-1 shows the loader operation. The 
handshake waveforms between the R6500/1 and the host 
are illustrated in Figure 6-2. The following description corre- 
sponds to the handshake events Identified in Figure 6-2: 

1 ) Host sees PA2 high, which indicates previous data, if 
any, has been taken by the R6500/1. The host then 
drops PAG low to indicate new data is not ready. This 
signal should be Initialized low by the host. 

2) R6500/1 detects PAG low then drops PA2 low to Indi- 
cate that data has not been taken. 

3) Host sees PA2 low then sets up new data. 

4) Host sets PAO high to indicate new data Is ready. 

5) Upon detecting positive edge of PAO, R650G/1 reads 
data on PB7-PB0. R65G0/1 then sets PA2 high to indi- 
cate that the data has been taken. 

6 When no more data is available, the host drops PA1 
low to Indicate end of data (EOD). The R6500/1 then 
jumps to address $000 to s tart program execution. If all 
RAM is loaded without EOD detected, the R6500/1 also 
jumps to address $000. 

An assembly listing of the RAM Program Loader is shown 
in Table 6-1 . 
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( RESET J 



INITIALIZE STACK POINTER 

SSF-^-S 

CLEAR DECIMAL MODE 

INITIALIZE RAM INDEX TO 




JMP NORMAL 
PROGRAM 



) 



RESET DATA TAKEN 
0-*'PA2 




1 = PA0POSEDGE 
DETECTED - YES 



CLEAR PAO POS EDGE DETECTED 

LOAD DATA FROM PORT B 

STORE INTO RAM 



SET DATA TAKEN 
1->PA2 



INCREMENT RAM INDEX 






PA1 NEG EDGE 
DETECTED =» YES 



1» PAT NEG EDGE 
DETECTED = YES 



Figure 6-1. RAM Program Loader Flowchart 
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DATA (PB7^PB0) 



DATA READY (DR) (PAO) 



DATA TAKEN (DT) {PA2) 



END OF DATA (EOD) (PAD 




Figure 6-2. R6500/1 RAM Program Load Handshake 
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Table 6-1. RAM Program Loader Assembly Listing 



R6500/1 RAM LOADER .... 


. . PAGE 001 








LINE# 


LOC 


CODE 


LINE 




0002 


0000 




P0RTB = $81 




;Port B Address 


0003 


0000 




PORTA =$80 




;Port A Address 


0004 


0000 




CLRPA0 = $89 




;CLR PAO Edge Detect 


0005 


0000 




CTLREG = $8F 




;Control Register 


0006 


0000 




BEGIN -$000 




;RAM First Address 


0008 


0000 






•-$0800 




0009 


0800 


A2 3F 


Reset 


LDX #$3F 




0010 


0802 


9A 




TXS 


;lnitialize Stack Pointer 


0011 


0803 


D8 




OLD 


;Set Binary Add Mode 


0012 


0804 


A200 




LDX #$00 


ilnitialize RAM Index 


0013 


moQ 


A5 80 




LDA PORTA 




0014 


0808 


30 2D 




BMI INIT 


■Jest Mode Selected (PA7=0)? 


0016 


080A 


AS 80 


PAZCK 


LDA PORTA 


;Yes 


0017 


080C 


4A 




LSRA 




0018 


080D 


80 1C 




BOS E0DCK1 


;Data Ready High (PAO= 1)? 


0020 


080F 


A9FB 




LDA #$FB 


;No, Reset Data Taken 


0021 


0811 


B5 80 




STA PORTA 


;0->PA2 


0023 


0813 


A9 20 


RDYCK 


LDA #$20 




0024 


0815 


24 8F 




BIT CTLREG 




0025 


0817 


50 1A 




BVC E0DCK2 


;Data Ready (PAO Pos Edge Detected)? 


0027 


0819 


85 89 




STA CLRPAO 


;Yes, Clear PAO Pos Edge Detected 


0028 


081 B 


A5 81 




LDA PORTB 


;Load Data From Port B 


0029 


0081 D 


95 00 




STA BEGIN.X 


;Store in RAM 


0030 


081 F 


A9FF 




LDA#$FF 




0031 


0821 


85 80 




STA PORTA 


;Set Data Taken (1->PA2) 


0032 


0823 


E8 




INX 


;lncrement RAM index 


0033 


0824 


E0 40 




CPX #$40 




0034 


0826 


D0E2 




BNE PAZCK 


;ls RAM Full? 


0036 


0828 


4C 00 00 


JMPBEG 


JMP BEGIN 


;Yes, Go To RAM Program Execution 


0038 


082B 


A9 20 


E0DCK1 


LDA #$20 




0039 


082D 


25 8F 




AND CTLREG 




0040 


082F 


F0D9 




BEQ PAZCK 


;End of Data (PA1 Neg Edge Detected)? 


0041 


0831 


D0F5 




BNE JMPBEG 


;Yes, Go To RAM Program Execution 


0043 


0833 


FODE 


E0DCK2 


BEQ RDYCK 


;End of Data (PA1 Neg Edge Detected)? 


0044 


0835 


D0F1 




BNE JMPBEG 


;Yes, Go To Ram Program Execution 


0046 


0837 




INIT 




;First Address of Normal Program 


0048 


0837 






*=$FFC 




0049 


OFFC 


00 08 


RES 


.WOR RESET 


;Reset Vector 


0050 


OFFE 






.END 






Errors = 0000 <0000> 
End of Assembly 
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APPENDIX A — SYSTEM MEMORY MAP 



IRQ Vector High 



IRQ Vector Low 



RES Vector High 



RES Vector Low 



NMI Vector High 



NMI Vector Low 



User Program 



R6500/1 E User Program 



<> 



Unassigned 



Control Register 



<> 



Unassigned 



Clear PAi Neg Edge Detected (Write Only) 



Clear PAO Pos Edge Detected (Write Only) 



Upper Latch and Transfer Latch to Counter (Write Only) 



Lower Count (Read Only) 



Upper Count (Read Only) 



Lower Latch (Write Only) 



Upper Latch (Write Only) 



PORT D 



PORT C 



PORTB 



PORTA 



^^ 



Unassigned 



User RAM 



Notes: 

(1) I/O command only; i.e., no stored data. 

(2) Clears Counter Overflow — Bit 7 in Control Register. 



>: 



FFF 
FFE 
FFD 
FFC 
FFB 
FFA 
FF9 

800 , 
7FF 

400 
3FF 



<r. 



(1) 



(1) 



(2) 



(2) 



> 



HEX 



ROM 



900 
08F 



08E 



08B 
08A 
089 
088 
087 
086 
085 
084 
083 
082 
081 
080 

03F 
000 



y Input/Output 



} 
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APPENDIX B -- R6500 INSTRUCTION SET 



This appendix contains a summary of tiie R6500 instruction set. For detailed information, consult the R6500 Microcomputer Sys- 
tem Programming Manual, Document 29650 N30. 



B.I INSTRUCTION SET IN ALPHABETIC SEQUENCE 



ADC Add Memory to Accumulator with Carry 

AND "AND" Memory with Accumulator 

ASL Shift Left One Bit (Memory or Accumulator) 

BCC Branch on Carry Clear 

BCS Branch On Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 

BMi Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 

CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement Index X by One 

DEY Decrement Index Y by One 

EOR "Exclusive-Or" Memory with Accumulator 

INC Increment Memory by One 

INX Increment Index X by One 

INY Increment Index Y by One 

JMP Jump to New Location 

JSR Jump to New Location Saving Return Address 



LDA Load Accumulator with Memory 

LDX Load Index X with Memory 

LDY Load Index Y with Memory 

LSR Shift One Bit Right (Memory or Accumulator) 

NOP No Operation 

ORA "OR" Memory with Accumulator 

PHA Push Accumulator on Stack 

PHP Push Processor Status on Stack 

PLA Pull Accumulator from Stack 

PLP Pull Processor Status from Stack 

ROL Rotate One Bit Left (Memory or Accumulator) 

ROR Rotate One Bit Right (Memory or Accumulator) 

RTI Return from Interrupt 

RTS Return from Subroutine 

SBC Subtract Memory from Accumulator with Borrow 

SEC Set Carry Flag 

SED Set Decimal Mode 

SEI Set Interrupt Disable Status 

STA Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 

TAX Transfer Accumulator to Index X 

TAY Transfer Accumulator to Index Y 

TSX Transfer Stack Pointer to Index X 

TXA Transfer Index X to Accumulator 

TXS Transfer Index X to Stack Register 

TYA Transfer Index Y to Accumulator 
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B2. INSTRUCTION SET SUMMARY TABLE 





INSTRUCTIONS 


IMMEDIATE 


ABSOLUTE 


ZERO PAGE 


ACCUM 


. IMPLIED 


(IND, X) 


(INOI.Y 


Z PAGE, X 


ABS.X 


ABS, ¥ 


RELATIVE 


INDIRECT 


Z PAGE. Y 


PROCESSOR STATUS 
CODES 


MNEMONIC 


OPEBATION 


OP 


n 


» 


OP 


n 


W 


OP 


n 


# 


OP 


n 


# 


OP 


" 


# 


OP 


n 


* 


OP 


n 


# 


OP 


n 


* 


OP 


n 


f 


OP 


n 
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APPENDIX C — SYSTEM SPECIFICATIONS 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 
Industrial 


T 


Oto +70 
-40 to +85 


°C 


Storage Temperature 


^STG 


-55 to +160 


»C 



•NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 




STATIC DC CHARACTERISTICS 

(Vcc = 5.0V ±10%, for R6500/1, Vqc = 5V ±50/0 for R6500/1A) 



Parameter 


Symbol 


Min 


Typ 


Max. 


Unit 


Power Dissipation (Outputs High) 
0°C to + 70°C 
-40°Cto +85*'G 


Pd 


- 


500 
550 


- 


mW 


RAM Standby Voltage (Retention Mode) 


Vrr 


3.5 


— 


Vcc 


Vdc 


RAM Standby Current (Retention Mode) 
0*>Cto +70*'C 
-40°Cto +85°C 


Irr 


- 


10 
12 


- 


mAdc 


Input High Voltage (Normal Operating Levels) 


V,H 


+ 2.0 


__ 


Vcc 


Vdc 


Input Low Voltage (Normal Operating Levels) 


V,L 


-0.3 


— ■ 


+ 0.8 


Vdc 


Input Leakage Current 
V,N = Oto 5.0 Vdc RES. NMI 


l|N 


■ 


±1.0 


±2.5 


^dc 


Input High Voltage (XTLI) 


V,HXT 


+ 4.0 


- 


Vcc 


Vdc 


InpTit Low Voltage (XTLI) 


V,LXT 


-0.3 


— 


+ 0.8 


Vdc 


Input Low Current 
(V,L = 0.4 Vdc) 


•iL 


__ 


-1.0 


-1.6 


mAdc 


Output High Voltage 
(Vcc « min, Iload = - 100 ^Adc) 


VoH 


-2.4 


.__ 





Vdc 


Output High Voltage 
(Vcc = min) 


Vqmos 


Vcc -30% 


— 


— 


Vdc 


Output Low Voltage 
(Vcc = "lin. 'load = 1 6mAdc) 


Vol 








+ 0.4 


Vdc 


Output High Current (Sourcing) 
(VoH - 2.4 Vdc) 


'oh 


-100 







Mdc 


Output Low Current (Sinking) 
(Vol = 0.4 Vdc) 


"OL 


1.6 





., ■, 


mAdc 


Input Capacitance 
(ViN-O, Ta = aS-^C, f = 1.0 MHz) 
PA, PB, PC, PD, GNTR 
XTLI, XTLO 


C|N 


- 


- 


10 
50 


pF 


Output Capacitance 
(V,N— 0, Ta = aS^C. f = 1.0 MHz) 


CoUT 





■ 


10 


PF 


I/O Port Resistance 
PA0-PA7, PB0-PB7, PC0-PC7. PD0-PD7, CNTR 


R. 


3.0 


6.0 


11.5 


KQ 


Note: Negative sign indicates outward current flpw, positive indicates inward flow. 
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AC CHARACTERISTICS 

(VcG - 5V ±10%forR6500/1. Vcc 



5V ±%forR6500/1A) 





Symbol 


1 MHz 


2 MHz 


Unit 


MIn 


Max 


MIn 


Max 


XTLI Input Clock Cycle Time 

Internal Write to Peripheral Data Valid (TTL) 

Internal Write to Peripheral Data Valid (CMOS) 

Peripheral Data Setup Time 

Count and Edge Detect Pulse Width 


Toyo 
TpDW 
TcMOS 
TpDSU 

Tpw 


0.500 

1.0 

2.0 

400 

1.0 


5.0 


0.250 

0.5 

1.0 

200 

0.5 


5.0 


jisec 
^isec 
ixsec 
nsec 
t^sec 
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APPENDIX D — R6500/1 E EMULATOR PART 

D.I INTRODUCTION 

To aid the user in designing R6500/1 microcomputer sys- 
tems, Rockwell has developed an R6500/1 E Emulator. The 
basic architecture of the Emulator is the same as that of 
the R6500/1 single-chip microcomputer except the Emulator 
brings the address, data, and required control lines off the 
chip to an external memory. 

This appendix describes only the differences between the 
R6500/1 single-chip microcomputer and the R6500/1 E Emu- 
lator. All sections of the Emulator not described in this 
appendix are Identical to the corresponding section of the 
R6500/1 single chip microcomputer. 

D.2 R6500/1 EMULATOR INTERFACE 
REQUIREMENTS 

This section describes the interface requirements for the 
R6500/1E Emulator. Figure D-1 is the Emulator Interface 
diagram. Figure D-2 shows the Emulator pin configuration. 
Table D-1 describes the function of each pin of the Emula- 
tor that differs from the R6500/1 device. 
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Figure D-2. Emulator Pin Configuration 
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Figure D-1. R6500/1 Emulator Interface Diagram 
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Table D-1. R6500/1E Emulator Pin Description 



Signal 
Name 


Pin 
No. 


Description 


RM 
RDY 

SYNC 

02 
A0-A11 

D0-D7 


62 
3 

6 

1 
25-37 

53-46 


Read/Write allows the CPU to control the direction of data transfers between the R6500/1E Emulator CPU and 
external memory. This line is high when reading data from memory and is low when writing data to memory. 

The Ready input delays execution of any cycle during which the RDY line is low. This allows the user to halt 
or single step the CPU on all cycles except write cycles. A negative transition to the low state during the 02 
clock low pulse will halt the CPU with the address lines containing the current address being fetched. If RDY is 
low during a write cycle, it Is ignored until the following read operation. This condition will remain through a sub- 
sequent 02 clock pulse in which the RDY line is low. This feature allows the CPU to interface with memories 
having slow access times, such as EPROMS used with the R6500/1 Emulator part during prototype system 
development. 

The Sync signal is provided to identify cycles in which the CPU is performing OP CODE fetch. SYNC goes high 
during the ^2 clock low pulse of an OP CODE fetch and stays high for the remainder qf that cycle. If the RDY 
line is pulled low during the 02 clock low pulse in which SYNC went high, the CPU will halt in its current state 
and will remain in that state until the RDY line goes high. Using this technique, the SYNC signal can be used to 
control RDY to cause single instruction execution. 

Phase 2 (02) clock pulse. Data transfer takes place only during 02 clock pulse high. 

Address Bus lines. The address bus buffers on the R6500/1E are push/pull type drivers capable of driving at 
least 130 pf and one standard TTL load. The address bus always contains known data. The addressing tech- 
nique involves putting an address on the address bus which is known to be either in program sequence, on the 
same page in program memory, or at a known point in memory. The I/O address commands are also placed on 
these lines. 

Data Bus lines. All transfers of instructions and data between the CPU end memory, I/O, and other interfacing 
circuitry take place on the data bus lines. The buffers driving the data bus lines have full three-state capability, 
which is necessitated by the fact that the lines are bidirectional. Each data bus pin is connected to an input and output 
buffer, with the output buffer remaining in the floating condition. 



D.3 SYSTEM ARCHITECTURE 

Figure D-3 is a block diagram of the R6500/1E Emulator. 
The function of each block is identical to its counterpart in 
the R6500/1 microcomputer. The main differences between 
the two products are in the ROM, the clock oscillator, the 
input/output ports and write-only monitoring. 

D.3.1 ROM 

To facilitate debugging, the R6500/1 ROM has been re- 
moved from the R6500/1E Emulator, and has been replaced 
by external memory. Also, an additional 1024 bytes of 
memory (400-7FF) are addressable. 

D.3.2 CLOCK OSCILLATOR 

The external frequency reference for the R6500/1E Emulator 
may be either a crystal or a clock. The RC option is not 
available for this device. 

D.3.3 INPUT/OUTPUT PORTS 

The R6500/1E has the internal I/O and CNTR port pull-up 
resistance only. The option to delete the pull-up resistance 
is not included in this device. 



XTLI - 

XTLO < 

RES - 

iviivn - 
vcc - 
vss- 

VRR- 



A0-A11 <^'12'ZZ 

D0-D7 <Cl8:^ 

(j)2^ 

RDY » ' 

SYNC -^ 



R/W -^- 



R6500/1 E 
EMULATOR 



8 ;^>> PA0-PA7 
<CZ8;^ PB0-PB7 

<Cl8l> PD0-PD7 



Figure D-3. R6500/1 E Emulator Block Diagram 

D.3.4 WRITE-ONLY MONITORING 

The R6500/1E allows the user to monitor write operations 
to the internal RAM and I/O by routing those operations 
externally as well as internally. Read operations are not 
routed externally. 
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D.4 R6500/1E I/O PORT INITIALIZATION 

Ports A, B, C and D and the CNTR line in R6500/1E are 
initialized to the logic high state two 02 clock cycles earlier 



than in the R6500/1. It is still required, however, that the 
RES line to the R6500/1 E be held low for at least eight 02 
clock cycles after VCC reaches operating range and the 02 
clock oscillator has stabilized. 



02 



L^^^J^ 



8 02 clock cycles minimum after 02 clock stabilization 



I/O 
PORTS 



R6500/1E ^ 



~vv- 



R6500/1 :^ 



-^ 



RES transition window 



I Don't care state 




D.5 TYPICAL R6500/1E PROGRAM MEM- 
ORY INTERCONNECTIONS 

Shown below and on the following page are two typical 
connections between the R6500/1E and program memory (in 



this case, type 2716 and 2708 PROMs). Example 1 shows a 
connection to a 2K 2716 PROM. Since the R6500/1 has a 
2K ROM capacity, the contents of the PROM could be 
masked directly into the production R6600/1 ROM. 







Example 


1 . R6500/1 E Connected to One 271 6 PROM (2K Bytes) 




* SEE R6500/1 DETAILED MEMORY MAP 

Connection Diagram 


Memory Map 


FFF 

800 
7FF 

090 
08 F 

000 




DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

AO 
A1 

R6500/1E ^3 

A4 
A5 
A6 
A7 
A8 
A9 
A10 

All 






00 
01 
02 
03 
04 
05 
06 
07 

AO 
A1 

A3 2716 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

OE 

CE 










2716 
PROM 
















NOT USED 


















RAM 8e I/O* 






r^ 






y^ 
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Example 2 shows a connection to 3K of 2708 PROMs. The 
extra 1K PROM allows expanded or additional programs be 
used during R6500/1 firmware development. The production 



program, however, rnust be reduced to 2K maximum (be- 
tween addresses 800 and FFF) before committing to 
R6500/1 ROM. 



Example 2. R6500/1E Connected to Three PROMs (3K Bytes) 



Connection Diagram 



DO 
D1 
D2 
D3 
d4 
D5 
D6 
D7 

AO 
A1 
A2 
R6500/1E A3 
A4 
A5 
A6 
A7 
A8 
A9 



AlO 
All 




GO 
Ol 
02 
03 
04 
05 
06 
07 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



2708 
N0.1 



\txyi 



oo 
oi 

02 
03 
04 
05 
06 
07 

AG 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



2708 
N0.2 



CS 



CM 



00 
01 
02 
03 
04 
05 
06 
07 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



2708 N0.3 
PROM 



2708 N0.2 
PROM 



2708 N0.1 
PROM 



NOT USED 



RAM & I/O 



coo 

BFF 



800 J 
7FF 



400 
3FF 



090 
08 F 



000 



Program Memory 



Extended Program 
Memory 



2708 
N0.3 



*See R6500/1E Detailed Memory Map 



Truth Table 



Address 


PROM Select 


Selected 
Address Range 


A11 


A10 


2708 No. 1 
CE 


2708 No. 2 
CE 


2808 No. 3 
CE 





1 

1 



1 


1 


1 

1 
1 


1 
1 


.-, 1 


1 
1 
1 



000-3FF 
400-7FF 
800-BFF 
COO-FFF 
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D.6R6500/1E TIMING 



Signal 


Symbol 


1 MHz 


2 MHz 


Unit 


Min. 


Max. 


Min. 


Max, 


R/W setup time from CPU 


Trws 




300 




200 


ns 


Address setup time from CPU 


Tads 




300 




200 


ns 


Memory read access time 


Tacc 




525 




225 


ns 


Data stabilization time 


Tqsu 


150 




75 




ns 


Data iiold time — Read 


Thr 


10 




10 




ns 


Data hold time — Write 


Thw 


30 




30 




ns 


Data delay time from CPU 


Tmds 




200 




150 


ns 


RDY setup time 


Trdy 


100 




50 




ns 


SYNC delay time from CPU 


TsYNC 




350 




175 


ns 


Address hold time 


Tha 


30 




30 




ns 


RW hold time 


Thrw 


30 




30 




ns 


Cycle Time 


TcYC 


1.0 


10.0 


0.5 


10.0 


JJLS 



PHASE 2 (02) TIMING REFERENCE 



TIMIIMG FOR READING DATA FROIW 
EXTERNAL IVIEMaRY 



TIMING FOR WRITING DATA TO 
EXTERNAL MEMORY 



ADDRESS FROM 
CPU 



DATA FROM 
MEMORY 



ADDRESS FROM 
CPU 



DATA FROM 
CPU 




HRW 
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D.7 R6500/1E ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 ±5%, Vss = Oi Ta, 25X) 



Characteristic 


Symbol 


MIn 


Typ 


Max 


Unit 


Input High Threshold Voltage 
D0-D7, RDY, 


V,HT 


Vss+2.4 








Vdc 


Input Low Threshold Voltage 
D0-D7,RDY, 


V„T 


— 


— 


Vss+0.8 


Vdc 


Three-State (Off State) Input Current 

(V = 0.4 to 2.4V, Vcc = 5.25V) 
D0-D7 


Its. 






10 


^A 


Output High Voltage 

Oload = 100 M-Adc, Vcc = 4.75V) 
D0-D7, SYNC, A0-A11, RyW, ^2 


VoH 


Vss+2.4 






Vdc 


Output Low Voltage 

(Iload = 1.6 mAdc, Vcc - 4.75V) 
D0-D7, SYNC, A0-A1 1 , R/W, 02 


Vol 






Vss+0.6 


Vdc 


Power Dissipation 


Pd 


- 


0.50 


1.00 


W 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 MHz) 
RDY 
D0-D7 

A0-A11, R/W, SYNC 
02 


C 

Cin 

Cout 
Co2 


— 


50 


10 
15 
12 
80 


PF 
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R6500/1E 
MICROPROCESSOR EMULATOR DEVICE 



INTRODUCTION 

The R6500/1 EC and R6500/1 EQ devices provide all the features 
of the R6500/1 Microcomputer In a ROM less form suitable for 
use as an advanced microprocessor complete with 16 bit counter 
and 32 I/O lines, and an address and data bus for 4K of external 
memory. 

To aid in designing R6500/1 microcomputer systems, it may also 
be used as an Emulator device. Device architecture is basically 
the same as the R6500/1 except that the address, data, and 
associated control lines are routed off the chip for connection 
to an external memory. 

The functions and operation of the devices are identical to the 
R6500/1 except for minor differences. The R6500/1 Data Sheet 
Order No. D51 (Document No. 2900D51) contains a description 



of R6500/1 and R6500/1 common interface signals and 
functions. 

The device is available in both 64-pin DIP ceramic (R6500/1 EC) 
and 64-pin QUIP Plastic (R6500/1EQ). 



ORDERING INFORMATION 




Part 


Package 


Frequency 


Temperature 


Number 


Type 


Option 


Range 


R6500/1EC 


Ceramic 


1 MHz 


0°C to 70*C 


R6500/1EAC 


Ceramic 


2 Mhz 


O^C to 70<'C 


R6500/1EQ 


Plastic 


1 MHz 


O^C to 70°C 


R6500/1EAQ 


Plastic 


2 MHz 


cc to yo-'C 















02 d 


1 64 


IZl XTLO 


02 C 


1 64 


3 XTLO 


vss iz: 


2 63 


ZH XTLI 


VSS d 


2 63 


d XTLI 


RDY c: 


3 62 


ZII R/W 


RDY C 


3 62 


Z R/W 


RES d 


4 61 


—] PCO 


RES d 


4 61 


d PCO 


NMI d 


5 60 


ZU PCI 


NMI E 


5 60 


3 PCI 


SYNC EI 


6 59 


Z3 PC2 


SYNC d 


6 59 


d PC2 


PB7 d 


7 58 


Z3 PC3 


PB7 C 


7 58 


3 PC3 


PB6 d 


8 57 


ZD PC4 


PB6 d 


8 57 


d PC4 


PBS CZ 


9 56 


Z3 PCS 


PB5 C 


9 56 


3 PCS 


PB4 d 


10 55 


Z3 PC6 


PB4 d 


10 55 


33 PC6 


PB3 d 


11 54 


dl PC7 


PB3 C 


11 54 


3 PC7 


PB2 d 


12 53 


di DO 


PB2 d 


12 53 


d DO 


PB1 d 


13 52 


d Dl 


PB1 C 


13 52 


3 Dl 


PBO d 


14 51 


dl D2 


PBO d 


14 51 


d D2 


PA7 d 


15 50 


d D3 


PAZ E 


15 50 


3 D3 


PA6 d 


16 49 


d D4 


PA6 d 


16 49 


d D4 


PAS d 


17 48 


d D5 


PA5 E 


17 48 


3 D5 


PA4 d 


18 47 


d D6 


PA4 d 


18 47 


d D6 


PA3 d 


19 46 


d] D7 


PA3 E 


19 46 


3 D7 


PA2 d 


20 45 


d PD7 


PA2 d 


20 45 


d PD7 


PA1 d 


21 44 


d PD6 


PA1 E 


21 44 


3 PD6 


PAO d 


22 43 


dl PD5 


PAO d 


22 43 


d PD5 


VRR d 


23 42 


dl PD4 


VRR E 


23 42 


Z PD4 


CNTR d 


24 41 


d PD3 


CNTR d 


24 41 


d PD3 


AO d 


25 40 


d PD2 


AO E 


25 40 


3 PD2 


A1 d 


26 39 


d PD1 


A1 d 


26 39 


d PD1 


A2 d 


27 38 


d PDO 


A2 E 


27 38 


3 PDO 


A3 d 


28 37 


d] All 


A3 nz 


28 37 


d All 


A4 d 


29 36 


d A10 


A4 E 


29 36 


n A10 


AS d 


30 35 


d A9 


AS d 


30 35 


d A9 


A6 d 


31 34 


d A8 


A6 E 


31 34 


3 A8 


A7 d 


32 33 


d vcc 


A7 d 


32 33 


d VCC 




R6500/1E 






R6500/1EQ 





Pin Configuration 
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SIGNAL DESCRIPTIONS 

AIIR6500/1 interface signals are provided in the device. Wiiile 
the pin assignments are different from the R6500/1 in order to 
accommodate the 64-pin package, the interface electrical 
characteristics are identical, the device provides 24 additional 
signals to route the address bus (12 lines), the data bus (8 lines), 
and control signals (4 lines) off the chip for connection to external 
memory. 



MEMORY MAP 

An additional 1024 bytes of memory (400-7FF) are addressable 
in the device. 



EXTERNAL FREQUENCY REFERENCE 

The external frequency reference may be a crystal or a clock 
— the RC option is not available in the device. 



I/O PORT PULLUPS 

The device has internal I/O port pullup resistance only. 

DEVICE ADDITIONAL SIGNALS 



Signal 
Name 

R/W 



RDY 



Pin 
No. 

62 



SYNC 



Description 

ReadA/Vrite. The Read/Write output con- 
trols the direction of data transfer between 
the CPU and external memory. This line 
is high when reading data from memory 
and low when writing data to memory. 

Ready. The Ready input delays execution 
of any cycle during which the RDY line is 
low. This allows the user to halt or single 
step the CPU on any cycle except a write 
cycle. A negative transition to the low state 
during the *2 clock low pulse will halt the 
CPU with the address lines containing the 
current address being fetched. If RDY is 
low during a write cycle, it is ignored until 
the following read operation. This condition 
will remain through a subsequent $2 clock 
pulse in which the RDY line is low. 

Sync. The Sync signal is provided to iden- 
tify those cycles in which the CPU is per- 
forming an OP CODE fetch. SYNC goes 
high during *2 clock-low pulse during an 
OP CODE fetch and stay high for the 
remainder of that cycle. If the RDY line is 
pulled low during the ^2 clock low pulse 
in which SYNC went high, the CPU will halt 
in its current state and will remain in that 
state until the RDY line goes high. Using 
this technique, the SYNC signal can be 
used to control RDY to cause single 
instruction execution. 



Signal 
Name 

*2 



AO-A1 1 



Pin 
No. 



25-32 
34-37 



D0-D7 



53-46 



Description 

Phase 2 (*2) clock pulse. Data transfer can 
take place only during $2 clock pulse. 

Address Bus Lines. The address bus buf- 
fers on the device are push/pull type 
drivers capable of driving at least 130 pf 
and one standard TTL load. The address 
bus always contains known data. The 
addressing technique involves putting an 
address on the address bus which is 
known to be either in program sequence, 
on the same page in program memory, or 
at a known point in memory. The I/O 
addresses are also placed on these lines. 

Data bus Lines. All transfers of instructions 
and data between the CPU and external 
memory take place on the data bus line^. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin is connected to an input and an output 
buffer, with the output buffer remaining in 
the floating condition. 



I/O PORT INITIALIZATION 

Ports A, B, C and D and the CNTR line in the device are initial- 
ized to the logic high state two $2 clock cycles e arlier than in 
the R650b/1. It is still required, however, that the RES line be 
held low for at least eight <l>2 clock cycles after Vqc reaches 
operating range (Figure 1). 



TYPICAL PROGRAM 
MEMORY INTERCONNECTIONS 

Illustrated are two typical connections between the R6500/1 E 
and program memory (in this case, type 2716 and 2708 PROMS). 
Figure 2 shows a connection to a 2K 2716 PROM. Since the 
R6500/1 has a 2K ROM capacity, the contents of the PROM 
could be masked directly into the production R6500/1 ROM. 



Figure 3 shows a connection to 3K of 2708 PROMS. The extra 
1 K PROM allows expanded or additional programs be used dur- 
ing R6500/1 firmware development. The production program, 
however, must be reduced to 2K maximum (between addresses 
800 and FFF) before committing to R6500/1 ROM. 
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8 <l>2 CLOCK CYCLES MINIMUM 



RES TRANSITION 
WINDOW 



I DON'T CARE STATE 



I/O 
PORTS 



R6500/1E^ 
:R6500/1 ^ 



-^st- 



Figure 1. I/O Port Initialization 



CONNECTION DIAGRAM 



MEMORY MAP 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

AO 
A1 
R6500/1E A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 

All 



k>4 



OO 
01 
02 
03 



04 
05 
06 
07 

AO 



A1 
A2 
A3 



2716 



A4 



AS 



A6 
A7 
A8 



A9 
A10 

m 



2716 
PROM 



NOT USED 



RAM & I/O" 



FFF 



800 
7FF 



090 
08F 



000 



Figure 2. Device Connected to One 2716 PROM (2K Bytes) 
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DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 



AO 

A1 

A2 

R6500/1E A3 



A4 
A5 
A6 
A7 
A8 
A9 



A10 
A11 



CONNECTION DIAGRAM 



MEMORY MAP 



00 
01 
02 
03 
04 
05 
06 
07 



I^ 



AO 2708 

A1 No. 1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Cfv, 




00 
01 
02 
03 
04 
05 
06 
07 

AO 2708 

A1 No. 2 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

CE 



Ipk. 



oo 

01 
02 
03 
04 
05 
06 
07 



AO 2708 
A1 No. 3 
A2 



A3 



A4 



A5 
A6 
A7 
A8 



AS 





FFF 


2708 No. 3 




PROM 


COO 
BFF 




2708 NO. 2 




PROM 






800 




7FF 


2708 NO. 1 




PROM 






400 




3FF 


NOT USED 






090 


• 


08F 


RAM & I/O 


000 



PROGRAM 
MEMORY 



EXTENDED 

MEMORY 

PROGRAM 



•SEE DETAILED 
MEMORY MAP 



TRUTH TABLE 



Figure 3. Device Connected to Three PROI\/IS (3K Bytes) 



Address 


PROM Select 


Selected 
Address Range 


All 


A10 


2708 No. 3 
CE 


2708 No. 2 
CE 


2808 No. 1 
CE 





1 
1 



1 


1 


1 
1 
1 



1 
1 

1 


1 

1 
1 


000-3FF 
400-7FF 
800-BFF 
COO-FFF 
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DEVICE TIMING 



Signal 


Symbol 


1 MHz 


2 MHz 


Unit 


MIn. 


Max. 


Min. 


Max. 


R/W setup time from CPU 


Trws 




300 




200 


ns 


Address setup time from CPU 


Tads 




300 




200 


ns 


Memory read access time 


tacc 




525 




225 


ns 


Data stabilization time 


Tdsu 


150 




75 




ns 


Data hold time — Read 


thr 


10 




10 




ns 


Data hold time ~ Write 


Thw 


30 




30 




ns 


Data delay time from CPU 


Tmds 




200 




150 


ns 


RDY setup time 


Trdy 


100 




50 




ns 


SYNC delay time from CPU 


TSYNC 




350 




175 


ns 


Address hold time 


tha 


30 




30 




ns 


R/W hold time 


Thrw 


30 




30 




ns 


Cycle Time 


TCYC 


1.0 


10.0 


0.5 


10.0 


flS 



ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 ±5%, Vss = 0, Ta = 25°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input High Threshold Voltage 
D0-D7, RDY. 


V|HT 


Vss + 2.4 


.__ 


• -^ ' ' 


Vdc 


Input Low Threshold Voltage 
DO-D7, RDY. 


V,LT 


:,,•_ 


■' _^'^ 


Vss + 0-8 


Vdc 


Three-State (Off State) Input Current 

(V = 0.4 to 2.4V. Vcc = 5.25V) 
D0-D7 


ITSI 


■ ■'■ ■ ■; : 




10 


mA 


Output High Voltage 

('LOAD = 100/iAdc, Vcc = 4.75V) 

D0-D7. SYNC, A0-A11. R/W. <t>2 


„,„• "^OH 


Vss +2 4 






Vdc 


Output Low Voltage 

('load = 1-6 mAdc, Vcc = 4.75V) 
D0-D7, SYNC, A0-A11. R/W, (^2 


Vol 






Vss + 0-6 


Vdc 


Power Dissipation 


Pd 


'. . - 


0.75 


1.20 


W 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 MHz) 
RDY 
D0-D7 

AO-AH. R/W. SYNC 
02 


c 

pin 
Cout 

••••■,:c^2. ,:■ 


'— '.'.'::; 


^50 ■■' 


10 

■ :'■■■■' '.'15 

12 


PF 


I/O Port Pull-up Resistance 


..':';;:Rl.^'"' 


'''.■\:;V:-=::3.0 ' r};'''-- 


6.0 


";^' "■'^■'Vl.5.r, 


kohm 
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DETAILED MEMORY MAP 



HEX 



m^V^CTD^ ii^^ 


FFF 


IRQ VECTOR LOW 


FFE 


RES VECTOR HIGH 


FFD 


RES VECTOR LOW 


FFC 


NMI VECTOR HIGH 


FFB 


NMI VECTOR LOW 


FFA 


R6500/1 USER PROGRAM 


FF9 
800 


R6500/1E EXTENDED PROGRAM AREA (1) 


7FF 
400 


> UNASSIGNED 


4 
^ 


> 


TcONTROL REGISTER 




08F 


> UNASSIGNED 


<; 


l08E 
^08B 


CLEAR PA1 NEG EDGE DETECTED 


(2> 


08A 


CLEAR PAO POS EDGE DETECTED 


2> 


089 


UPPER LATCH AND TRANSFER LATCH TO COUNTER 


3) 


088 


LOWER COUNT 


(3) 


087 


UPPER COUNT 


086 


LOWER LATCH 


085 


UPPER LATCH 


084 


PORTD 


083 


PORTC 


082 


PORTB 


081 


PORTA 


080 


y UNASSIGNED 


■H 


> 


[USER RAM 




03F 
000 



^ROM 



NOTES: 

(1) Additional 1024 bytes are decoded for external 
memory addressing. This area can be used during 
debut, but cannot be used in a masked ROM 
R6500/1. 

(2) I/O command only; i.e., no stored data. 

( 3 ) Clears Counter Overflow — Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping into 
040-07F, 100-13F, 140-17F, 200-23F, 240-27F, 
300-33F, and 340-37F; as well as 000-03F. The 
production R6500/1 , however allows RAM mapping 
only at 000-03F. 



> INPUT/OUTPUT 



^RAM(4) 



TIMING DIAGRAMS 



PHASE 2 (#2) TIMING REFERENCE 



0.4V 



^. 



•CYC- 



0.4V j/ \ .0.4V 



TIMING FOR READING FROM MEMORY 



TIMING FOR WRITING TO MEMORY 



— 


"'^RWS 


-.— 


Thrw— 


^^ 


R/W 


' 2.0V 


Tha- 


•* .2.0V 
5^ 








AUUIiCOd 

FROMCPU 


^ 


' 2.0V 
. 0.8V 


2.0V" 
0.8V- 


:h^ 


DATA FROM "^ 


■""ads 




2.0V J 




-2.0V 


MEMORY 




Ta 


cc°«^' 


-0.8V 

^T„R 


RDY 




">$ 


■2.0V 'dSU 
-0.8V 








-^ 


-^Troy 




SYNC 


X 








— 


TSYNC 


- 











"Trws 


.0.8V 


0.8V- - 


Thrw 


R/W 


^ 


= f^ 










address 

FROMCPU 


X 


"2.0V 
.0.8V 


2.0V- -" 
0.8V_, 


:>€ 


DATA FROM 


Tads 




2.OV1 




-Tha 
■ r-2.0V 


CPU 


T^^DS 


0.8V 


» —0 8V 




Thw- 
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PACKAGE DIMENSIONS 



R6500/1EC 64-PIN DIP CERAMIC 



DENOTES PIN NO. 1 



10*" MAX 




.800 NOM 
(20.03 MM) 

J-L 





.028 (.71 MM) 
.032 (.81 MM) 

.015 (.38 MM) 
.019 (.48 MM) 

NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN 
SYMBOLIZATION IS IN NORMAL ORIENTATION 



.050 NOM 
(1.27 MM) 



wmw 



rn 



.120 MIN 
(3.05 MM) 
^-*-- LEADS .100 <t TO <J^ 
(2.54 MM) 



.070 (1.78 MM) 
.080 (2.03 MM) 



R6500/1EQ 64-PIN QUIP PLASTIC 



.020 TYP. " 
(.508 MM)' 

1.628 ' 
(41.35 MM)' 



•o 



32 



64 



33 



.680 
(17.27 MM)" 



r«2 



ii 



1.50 
(3.81 MM) 



1 fn 

0.50 REF 
(1.27 MM) 
TYP 




.200. 
(5.08 MM) 
_T 



.925 

-(23.495 MM)- 

.750 

(19.05 MM) 



Bn 



<t<t 



64 PIN QUIP 
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R6500/1EB and R6500/1EAB 
BACKPACK EMULATOR 



INTRODUCTION 

The Rockwell R6500/1 EB and R6500/1 EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/1 one-chip microcomputer. Like the R6500/1, the back- 
pack device is totally upward/downward compatible with all 
members of the R6500/1 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, reprogrammed, then reinserted 
as often as desired. 

The backpack devices have the same pinouts as the masked- 
ROM R6500/1 microcomputer. These 40 pins are functionally 
and operationally identical to the pins on the R6500/1, with 
some minor differences (described herein). The R6500/1 Micro- 
computer Data Sheet (Rockwell Document No. 29000D51) 
Includes a description of the interface signals and their func- 
tions. Whereas the masked-ROM R6500/1 provides 2K bytes 
of read-only memory, the R6500/1EB will address 3K bytes of 
external program memory. This extra memory accommodates 
program patches, test programs or optional programs during 
breadboard and prototype development states. 

ORDERING INFORMATION 



FEATURES 

• PROM version of the R6500/1 

• Completely pin compatible with R6500/1 single-chip 
microcomputers 

• Profile approaches 40-pin DIP of R6500/1 

• Accepts 5-volt, 24-pin industry-standard EPROMs 

— 4K memories — 2732, 2732A (3K bytes addressable) 
— 2K memories— 2716, 2516, 231 6B 

• Use as prototyping tool or for low volume production 

• 3K bytes of memory capacity (1K, 2K, 4K memories) 

• 64 X 8 static RAM 

• Separate power pin for RAM 

• Software compatibility with the R6500 family 

• 32 bi-directional TTL compatible I/O lines (4 ports) 

• 1 bi-directional TTL compatible counter I/O line 

• 16-blt programmable counter/latch with four modes (interval 
timer, pulse generator, event counter, pulse width 
measurement) 

• 5 interrupts (reset, non-maskable, two external edge sensi- 
tive, counter) 

• Crystal or external time base 

• Single +5V power supply 





BACKPACK EMULATOR 


Part 
Number 


Memory 
Capacity 


Compatible 
IMemories 


Temperature 
Range and Speed 


R650O/1EB1 


2K X 8 


2716, 2516 
231 68 


0°C to 70''C 
1MHz 


R6500/1EB3 


3K X 8 


2732 


0°C to 70°C 
1 MHz 


R6500/1EAB3 


3K X 8 


2732A 
(250 ns) 


0°Cto70°C 
2 MHz 



Part 
Number 



865-101 
M65-040 
M65-081 
M65-082 



SUPPORT PRODUCTS 



Description 



SYSTEM 65 Microcomputer Development System 

PROM Programmer Module 

1 -MHz R6500/1 Personality Module 

2-MHz R6500/1 Personality Module 




R6500/1 EB-R6500/1 EAB Baclcpack Emulator 



Document No. 29000D60 
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R6500/1EB and R6500/1EAB 



Backpack Emulator 



CONFIGURATIONS 

The Backpack Emulator is available in three different versions, 
to accommodate various 24-pin 2K- and 4K-memories and 
speeds. All three versions provide 64 bytes of RAM and I/O, as 
well as 24 signals to support the external memory "backpack" 
socket. The 24 backpack signals differ somewhat between 
versions (due to memory pin differences) but always consist of 
the address bus (12 lines), the data bus (8 lines) and the UE, CE, 
Vcc and Vss signals (one line each). See the Interface Diagram. 

The external memories must always occupy the upper 2K of 
available memory (addresses 800 through FFF) for implemen- 
tation of interrupt vectors. See Memory Map. The Backpack 
Emulator provides a read block to the external memory where 
internal RAM or I/O are located in the same addresses as that 
occupied by external memory. 

EXTERNAL FREQUENCY REFERENCE 

The external frequency reference may be a crystal or a clock— 
the RC option is not available in the emulator device. The 
R6500/1EB and R6500/1EAB divide the input clock by two 
regardless of the source. 



I/O PORT PULLUPS 

The emulator devices have internal I/O port pullup resistors. 

TEST MODE DELETED 

The test mode of the R6500/1 is not available on the Backpack 
Emulator. 

PRODUCT SUPPORT 

The Backpack Emulator Is just one of the products that Rockwell 
offers to facilitate system and program development for the 
R6500/1. 

The SYSTEM 65 Microcomputer Development System with 
R6500/1 Personality Module supports both hardware and soft- 
ware development. Complete in-clrcuit user emulation with the 
R6500/1 Personality Module allows total system test and evalua- 
tion. With the optional PROM Programmer, SYSTEM 65 can also 
be used to program EPROMs for the development activity. When 
PROM programs have been finalized, the PROM device can be 
sent to Rockwell for masking into the 2K ROM of the R6500/1. 

In addition to support products, Rockwell offers regularly- 
scheduled designer's courses at regional centers. 
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1 XTLI 






XTLO ^ 


^ RES 


CLOCK 
OSCILLATOR 


EDGE 
DETECT 


^ 

4l ^^^ 


VCC, VRR, VSS 




^ PA0-PA7 
PB0-PB7 

PC0-PC7 
PD0-PD7 

CNTR 


INTERRUPT 
LOGIC 


PORTA 




CPU 
(6502) 


PORTS 
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^ A0-A11 .^ 


^ OE 




CONTROL 
REGISTER 


COUNTER/ 
LATCH 


^ 

CE 


^ ^ 


^ 




40 R6500/1 




24 PROM/ROM 
PINS 






COMPATIBLE PINS 



R6500/1EB Interface Diagram 



3-143 



R6500/1EB and R6500/1EAB 



Backpack Emulator 



DETAILED MEMORY MAP 



PROM 


IRQ VECTOR HIGH 


IRQ VECTOR LOW 


RES VECTOR HIGH 


RES VECTOR LOW 


NMI VECTOR HIGH 


NMI VECTOR LOW 


R6500/1 USER PROGRAM 


PROM 


R6500/1EB EXTENDED PROGRAM AREA (1) 


NOT 
USED 


UNASSIGNED 


I/O 


CONTROL REGISTER 


UNASSIGNED 


CLEAR PA1 NEG EDGE DETECTED 


(2) 


CLEAR PAO POS EDGE DETECTED 


(2) 


UPPER LATCH AND TRANSFER 
LATCH TO COUNTER 


(3) 


LOWER COUNT 


(3) 


UPPER COUNT 


LOWER LATCH 


UPPER LATCH 


PORT D 


PORTC 


PORTB 


PORTA 


NOT 
USED 


UNASSIGNED 


RAM 


USER RAM 



HEX 
PPP 

FFE 
FFD 
FFC 
FFB 
FFA 
FF9 
400 
3FF 

400 

08F 
08E 
08B 
08A 
089 

088 

087 
086 
085 
084 
083 
082 
081 
080 

03F 
000 



BACKPACK MEMORY SIGNAL 
DESCRIPTION 



NOTES 

(1) Additional 1024 bytes are decoded for external memory 
addressing by the Backpack Emulator Device. Thiis area can 
be used during debut, but cannot be used in a masked ROM 
R6500/1. (Available only on R6500/1EB3S) 

(2) I/O command only; i.e., no stored data. 

(3) Clears Counter Overflow— Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F, and 340-37F; 
as well as 000-03F. The production R6500/1 , however 
allows RAM mapping only at 000-03F. 

RAM MAPPING 

The Backpack Emulator allows RAM mapping into 040-07F, 
100-13F, 140-1 7F,200-23F, 240-27F, 300-331= and 340-37F, as 
well as 000-03F. The production R6500/1, however, allows RAM 
mapping only at 000-03F. This means that a write to location 
40, for example, will write to location in the Backpack Emulator, 
and to invalid RAM in the R6500/1 production part. 

I/O PORT INITIALIZATION 

Ports A, B, C, and D and the CNTR line in the Backpack 
Emulator are initialized to the logic hi gh st ate two 02 clock 
cycles earlier than in the R6500/1 . The RES line to the device 
must, however, still be held low for at least eight 02 clock 
cycles after Vcc reaches operating range. See timing diagram. 



Signal 






Name 


Pin No. 


Description 


D0-D7 


9S-11S, 


Data Bus Lines. All instruction and data 




13S-17S 


transfers take place on the data bus lines. The 
buffers driving the data bus lines have full three- 
state capability. Each data bus pin is connected 
to an input and an output buffer, with the out- 
put buffer remaining in the floating condition. 


A0-A9 


1S-8S, 


Address Bus Lines. The address bus lines are 




238, 24S 


buffered by push/pull type drivers that can drive 
one standard TTL load. 


A10 


19S 


Address Bus Line 10. This address line has the 
same characteristics and functions as Lines 
A0-A9. 


CE 


18S 


Chip Enable. In the R6500/1EB1, CE is 
active when the address is 800-FF. In the 
R6500/1EB3 and R6500/1.EAB3, CE is 
active when the address Is 400-FFF. This line 
can drive one TTL load. 


OE 


20S 


Memory Enable Line. This signal provides the 
output enable for the memory to place informa- 
tion on the data bus lines. This signal is driven 
by the R/W signal from the CPU and then 
inverted by a standard TTL inverter, to form OE. 


Vcc 


24S 


Main Power Supply +5V. This pin is tied 
directly to pin 30 (Vcc). 


Vcc/A11 


218 


Main Power Supply +5V. This pin is tied 
directly to pin 30 (Vcc), except in the 
R6500/1EB3 and R6500/1EAB3, where it is tied 
to A1 1 . During backup power, power is supplied 
only to the RAM memory, and not to the 
PROMs. 


Vss 


128 


Signal and Power Ground (zero volts). This pin 
is tied directly to pin 12 (Vgs). 















NMI 


Vrr C 


•l 


A7C 


•is 


24s 


=^Vrp 


40 


3 


PD7 C 


2 


A6c 


2s 


23s 


DAS 


39 


J 


RES 


PD6 G 


3 


A5C 


3s 


22s 


dA9 


38 


1 


PAO 


PD5 C 


4 


A4 C 


4s 


21s 


jVcc/A1in)37 


1 


PA1 


PD4 C 


5 


A3 C 


5s 


20s 


DOE 


36 


1 


PA 2 


PD3 C 


6 


A2C 


6s 


19s 


daio 


35 


-2 


PA 3 


PD2 C 


7 


A1 C 


7s 


18s 


DCE 


34 


1 


PA 4 


PD1 C 


a 


AO C 


8s 


17s 


DD7 


33 


n 


PA 5 


PDO C 


9 


DO C 


9s 


16s 


3D6 


32 


"1 


PA 6 


XTL1 C 


10 


D1 C 


10s 


15s 


DOS 


31 


1 


PA 7 


XTLO C 


11 


D2C 


lis 


14s 


1D4 


30 


3 


Voc 


PC7 C 


12 


V33C 


12s 


13s 


DD3 


29 


3 


PBO 


13 






28 


1 


PB1 


PC6 E 


14 


24-PIN SOCKET 


27 


n 


PB2 


PCS C 


15 






26 


1 


PB3 


PC4 C 


16 






25 


n 


PB4 


PC3 C 


17 






24 


3 


PB5 


PC2 d 


18 






23 


3 


PB6 


PCI c 


19 






22 


3 


PB7 


pco c 


20 






21 


3 


CNTR 
DR 


NOT! 


=: (1) PIN 21 iSVcc 


FOR R6500/1EB1 OR A1' 


i F( 


R6500/1EB3 
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READ TIMING CHARACTERISTICS 



Signal 


Symbol 


1 MHz 


2 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


OE setup time from CPU 


Toes 


— 


300 


— 


150 


ns 


Address setup time from GPU 


Tads 


— 


300 


— 


150 


ns 


IVIemory read access time 


Tacc 


— 


525 


_« 


250 


ns 


Data stabilization time 


Tdsu 


150 


__ 


100 


— 


ns 


Data hold time— Read 


Thh 


10 


— 


10 


— 


ns 


Address hold time 


Tha 


30 


— 


30 


— 


ns 


OE hold time 


Thoe 


30 


— 


30 


— • 


ns 


Cycle Time 


TcYC 


1.0 


10.0 


0.5 


10.0 


AtS 




READ TIMING WAVEFORMS 



(A2* 



0.4V 



^. 



OE 



ADDRESS FROM 
CPU 



DATA FROM - 
MEMORY 



0.4V , 



^ 



0.8V 



^:m 



A. 



0.8V- 



Tha-1 



2.0 
0.C 



0.8V ^ T_ r 

^*— ^Acc "^ -*^ >^^^m 



0.4V 



i;>^ 



*<ta IS SHOWN FOR REFERENCE ONLY AND IS NOT AVniLABLE EXTERNAL TO THE DEVICE. 



I/O PORT INITIAUZATION TIMING 

.2 _jnjiu~LJiJTJ"LriJ~Ln_nj~L 



RES 



8 <f>2 CLOCK CYCLES MINIMUM 



-^^ 



.1/0 
PORTS 



R6500/1EB >^ 
R6500/1 



-A/- 



--Af 



I RES TRANSITION WINDOW 
I DON'T CARE STATE 
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ELECTRICAL CHARACTERISTICS 



(Vcc = 5.0 ± 5%, Vss = 0, Ta = 25°C) 










Characteristic 


Symbol 


Min 


Typ 


IMax 


Unit 


Input High Threshold Voltage 
D0-D7 


V.HT 


Vss + 2.4 








Vdc 


Input Low Threshold Voltage 
D0-D7 


V,LT 





, 


Vss + 0.8 


Vdc 


Three-State (Off State) Input Current 

(V = 0.4 to 2.4V, Vcc = 5.25V) 
D0-D7 


Its, 






10 


M 


Output High Voltage 

(lLOAD = 100iaAdc, Vcc = 4.75V) 
D0-D7, A0-A11,OE 


VoH 


Vss + 2.4 






Vdc 


Output Low Voltage 

(luoAD = 1.6 mAdc, Vcc = 4.75V) 
D0-D7, A0-A11,OE 


Vou 






Vss + 0.6 


Vdc 


Power Dissipation 


Pd 


— 


0.80 


1.30 


W 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 MHz) 
D0-D7 
A0-A11 


c 

Cin 

Cout 


- 


- 


15 
12 


PF 


I/O Port Pull-up Resistance 


R^ 


3.0 


6.0 


11.5 


kohm 



PACKAGE DIMENSIONS 



40-PIN BACKPACK 



0.010 

^±.002 

TYP 

___ 0.590. 
REF 



!-*=!□■□ □□□□□□annn 



0.720 0.598 
MAX MAX 



m 



PIN 1 V 
IDENTIFICATION 



t 
0.300 
MAX 

\ ♦ 

0.040 t 
±.020 

0.050 ±.015 — ■ 
BOTH ENDS - 



□□□□□□□□□□□a 



ir 



1^ 0.050 ±.020 

\- 1.220 MAX - 



|,_ 0,530 SQ.__^I 

I MAX I 



k 0.100 ±.010 TYP 



0.040 

+ .007 TYP 

-.002 



0.185 
MAX 
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ONE-CHIP MICROCOMPUTERS 



SECTION 1 
INTRODUCTION 



1.1 FEATURES OF THE R6500/11 & /1 2 

• Enhanced 6502 CPU 

— Four new bit manipulation instructions: 

Set Memory Bit (SIVIB) 

Reset Memory Bit (RMS) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
—13 addressing modes 
— True indexing 

• 3K-byte mask-programmable ROM 

• 192-byte static RAM 

• 32 TTL-compatible I/O lines (R6500/11) 

• 56 TTL-compatible I/O lines (R6500/12) 

• One 8-bit port may be tri-stated under software control 

• One 8-bit port with programmable latched input 

• Two 16-blt programmable counter/timers, with latches 
— Pulse width measurement 

— Asymmetrical pulse generation 

— Pulse generation 

— Interval timer 

—Event counter 

— Retriggerable interval timer 

• Serial port 

— Full-duplex asynchronous operation mode 
—Selectable 5- to 8-bit characters 
— Wake-up feature 
— Synchronous shift register mode 
—Standard programmable bit rates, programmable up to 
62.5K bits/sec @ 1 MHz 

• Ten interrupts 

— Four edge-sensitive lines; two positive, two negative 

— Reset 

—Non-maskable 

— Two counter underflows 

^Serial data received 

—Serial data transmitted 

• Bus expandable to 1 6K bytes of external memory 



• Flexible clock circuitry 

—2-MHz or 1-MHz internal operation 

—Internal clock with external 2 MHz to 4 MHz series 

resonant XTAL at two or four times internal frequency 
— External clock input divided by one, two or four 

• 1/Lts minimum instruction execution time @ 2 MHz 

• NMOS-3 silicon gate, depletion load technology 

• Single +5V power supply 

• 12 mW stand-by power for 32 bytes of the 192-byte RAM 

• 40-pin DIP (R6500/11) 

• 64-pin QUIP (R6500/1 2) 

1.2 SUMMARY 

The Rockwell R6500/11 or R6500/12 Is a complete, high-per- 
formance 8-bit NMOS-3 microcomputer on a single chip, and 
is compatible with all members of the R6500 family. 

The R6500/1 1 consists of an enhanced 6502 CPU, an internal 
clock oscillator, 3072 bytes of Read-Only Memory, 192 bytes 
of Random Access Memory (RAM) and versatile interface cir- 
cuitry. The interface circuitry includes two 16-bit programmable 
timer/counters, 32 bidirectional input/output lines (including four 
edge-sensitive lines and input latching on one 8-bit port), a full- 
duplex serial I/O channel, ten interrupts and bus expandability. 

The R6500/12 consists of all the features of the R6500/1 1 plus 
three additional I/O ports. It is packaged in a 64 pin QUIP. 

The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power. These features make either device a leading 
candidate for microcomputer applications. 

To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pln extended microprocessor device. This 
device, the R6511Q, provides all R6500/11 interface lines, plus the 
address bus, data bus and control lines to interface with external 
memory. With the addition of external circuits it can also be used to 
emulate the R6500/12 (contact Rockwell offices for details). 
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A backpack emulator, the R65/11EB, is available for devel- 
oping R6500/11 applications. No backpack part is available 
for the R6500/12. 

The R6511Q may also be used as a CPU-RAM-l/0 counter 
device in multichip systems. 

Rockwell supports development of the devices with the 
System 65 Microcomputer Development System and the 
R65O0/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 

This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual (Order 
Number 201). A description of the instruction capabilities of 
the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 



1.3 CUSTOMER OPTIONS 

The R6500/1 1 microcomputer is available with the following 
customer specified mask options: 

• Option 1 Crystal or RC oscillator 

• Option 2 Clock divide by 2 or 4 

• Option 3 Clock MASTER Mode or SLAVE Mode 

• Option 4 Port A with or without internal pull-up resistors 

• Option 5 Port B with or without internal pull-up resistors 

• Option 6 Port C with or without internal pull-up resistors 

All options should be specified on an R6500/1 1 order form. 
The R6500/12 is available with all of the above options plus: 

• Option 7 Port F with or without internal pull-up resistors 

• Option 8 Port G with or without internal pull-up resistors 
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SECTION 2 
INTERFACE REQUIREMENTS 



This section describes tJie interface requirements for the single chip microcomputer devices. Figure 2-1 is the Interface Diagram for the 
devices, {figure 2-2 and Figure 2-3 show the mechanical outline and pin out configurations and Table 2-1 describes the function of each 
pin. Figure 3-1 has a detailed block diagram of the device which illustrates its internal functions. 



XTLO^ 
XTLI 

Vrr- 

RES' 
NMi - 
Vcc- 

Vss- 
02 . 



PG0-PG7 0®0 



B65P0/11 



CLOCK 
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INTERRUPT 
LOGIC 



CPU 
6502 



192 X 8 
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3072 X 8 
ROM 



CONTROL 
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COUNTER/LATCHES 
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PORTG 



EDGE DETECT 
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'MULTIPLEXED FUNCTION PINS 



Figure 2.1 Interface Diagram 
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43 


Vss 


i 


Vp„ 
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Figure 2-2. R6500/11 Mechanical Outline and Pin Out Configuration 
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PC4 C 


29 


36 


3 PD4 
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Figure 2-3. R6500/12 Fliechanical Outline and Pin Out Configuration 
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Table 2-1 . R6500/1 1 and R6500/1 2 Pin Descriptions 



Signal Name 


Pin Number 


Description 


R6500/11 


R6500/12 


Vcc 


21 


' 50 


Main power supply +5V 


Vrr 


39 


12 


Separate power pin for RAM. In the event that Vcc power is lost, this power retains 
RAM data. 


Vss 


40 


11 


Signal and power ground (OV) 


XTLI 


2 


10 


Crystal or clock input for internal clock oscillator. Also allows input of X1 clock 
signal if XTLO is connected to Vss, or X2 or X4 clock if XTLO is floated. 


XTLO 


1 


9 


Crystal output from internal clock oscillator. 


RES 


20 


41 


The Reset input is used to initialize the device. This signal must not transition from 
low to high for at least eight cycles after Vcc reaches operating range and the 
internal oscillator is stabilized. 


^2 


3 


13 


Clock signal output at internal frequency. 


NMI 


22 


51 


A negative going edge on the Non-Maskable Interrupt signal requests that a non- 
maskable interrupt be generated within the CPU. 


PA0-PA7 
PB0-PB7 
PC0-PC7 
PD0-PD7 


30-23 

38-31 

4-11 

19-12 


64-57 

8-1 
25-32 
40-33 


Four 8-bit ports used for either input/output. Each line of Ports A, B and C consist 
of an active transistor to Vss and an optional passive pull-up to Vcc- '" the abbre- 
viated or multiplexed modes of operation Port C has an active pull-up transistor. 
Port D functions as either an 8-bit input or 8-bit output port. It has active pull-up 
and pull-down transistors. 


PE0-PE7 
PF0-PF7 
PG0-PG7 


N/A 
N/A 
N/A 


49-42 
24-17 
52-56 

4 
14-16 


For the R6500/42. the 64 pin QUIP version, three additional ports (24 lines) are 
provided. Each line consists of an active transistor to Vgg. PF0-PF7 and PG0-PG7 
are bidirectional, and an optional passive pull-up to Vcc 's provided. PE0-PE7 is 
outputs only with an active pull-up. All ports will source 100 stamps, at 2.4v except 
port E (PE0-PE7) which will source 1 ma. at 1.5v. 
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SECTIONS 
SYSTEM ARCHITECTURE 



This section provides a functional description of tine devices. 
Functionally they consist of a CPU, both ROM and RAM 
memories, four 8-bit parallel I/O ports (seven in the 64-pin 
R6500/12), a serial I/O port, dual counter/latch circuits, 
a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system Is shown in 
Figure 3-1. 

NOTE 

Throughout this document, unless specified othen/yise, 
all memory or register address locations are specified 
in hexadecimal notation. 



3.1 CPU LOGIC 

The internal CPU is a standard 6502 configuration with an 
8-bit Accumulator register, two 8-bit Index Registers (X and 
Y); an 8-blt Stack Pointer register, an ALU, a 1 6-bit Program 
Counter, and standard instruction register/decode and internal 
timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used In these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address— the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipul ation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 



location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1 . Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer Is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Arithmetic And Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 1 6-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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Figure 3-1 . System Block Diagram 
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3.1.8 Interrupt Logic 

Interr upt logic controls the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 



3.3 READ-ONLY-MEMORY (ROM) 

The ROM consists of 3072 bytes (3K) mask programmable 
memory with an address space from F400 to FFFF. ROM 
locations FFFA through FFFF are assigned for interrupt and 
reset vectors. 



3.2 NEW INSTRUCTIONS 

In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In 
order for these instructions to be equally applicable to any 
I/O ports, with or without mixed input and output functions, 
the 1/0 ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 

3.2.1 Set Memory Bit (SMB m, Addr.) 

This instruction sets to "1 " one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates 
address (00-FF) of the byte or I/O port to be operated upon. 

3.2.2 Reset Memory Bit (RMB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Brancli On Bit Set Relative (BBS m, Addr, 
DEST) 

This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the Instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 



3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 1 92 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6500/11 provides a separate power pin (Vrr) which maybe 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Vrr pth. If the RAM data retention is not required then Vrr 
must be connected to Vcc. During operation Vrr must be at 
the Vcc level. 

For the RAM to retain data upon l oss o f Vcc, Vrr must be 
supplied within operating range and RES must be driven low 
at least eigh t 02 clock pulses before Vcc ^3\\s out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during normal operation. When Vcc is out of operating range, 
Vrr must remain within the Vrr retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 



RAM OPERATING MODE RAM RETENTION MODE 




^ |-trl:® 



1 INITIAL APPLICATION OF Vcc AND Vrr. 

2 LOSS OF Vcc, R'^M ON STANDBY POWER. 

3 REAPPLICATION OF Vcc. 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 

5 >8 02 CLOCK PULSES. 



Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 

Three customer selectable mask options are available for 
controlling the device timing. It can be ordered with a crystal 
or RC oscillator, a divide by 2 or divide by 4 countdown net- 
work and for clocl< master mode or clock slave mode 
operation. 

For 2 MHz Internal operations the divide by two option must 
be specified. 



A reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external resistor 
depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figure 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. 

Note: 

When operating at a 1 MHz internal frequency place 
a 15-22 pf capacitor between XTLO and ground. 



R = 2.4K i 
for 2 MHz ^ 



-C XTLI f,NT = 1MH2 

R6500/11 
-C XTLO ^EXT = 2X f|NT 



a. Resistor Input 



2-6 MHz 



2-4 MHz 




XTLI 



R6500/11 
dxTLO '^^T^ 



f,MT^2MH2 



XTLI f|NT ^ 2 MHz 

R6500/11 

fEXT = 2Xor4Xf,NT 



NC C XTLO 



I 3oon 

1-2 MHz |^>0-i-l 






€ XTLI f|NT = 1or2MHz 



R6500/11 
XTLO 



c. Clock Inputs 



Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vgs, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 

The operation described above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network or external source) must be applied to the XTLI 
and XTLO pins. 02 is a buffered output signal which closely 
approximates the internal timing. When a common external ; 
source is used to drive multiple devices the internal timing 
between devices as well as their 02 outputs will be skewed I 
in time. If skewing represents a system problem it can be 
avoided b/the Master/Slave connection and options shown 
in Figure 3-4. 



One device is operated in the CLOCK MASTER MODE and 
a second in the CLOCK SLAVE MODE. Mask options in the 
SLAVE unit convert the 02 signal into a clock input pin which 
is tightly coupled to the internal timing generator. As a result 
the internal timing of the MASTER and SLAVE units are syn- 
chronized with minimum skew. If the 02 signal to the SLAVE 
unit is inverted, the MASTER and SLAVE UNITS WILL 
OPERATE OUT OF PHASE. This approach allows the two 
devices to share external memory using cycle stealing 
techniques. 




6500/11 OR /1 2 



XTLI 



T_ 



XTLO 



MASTER J 



02 (OUTPUT CLOCK) 



6500/11 OR /1 2 



XTLI 



XTLO^ 



SLAVE 



INVERTER USED 

Y~| WHEN SLAVE IS 
I TO OPERATE 
-I OUT OF PHASE 
WITH MASTER 



02 



(INPUT CLOCK) 



Figure 3-4. Master/Slave Connections 



Figure 3-3. Cloclc Oscillator Input dptions 
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3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR); determines the 
basic configuration of the device in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 



Bus Mode Select 



Addr0014 



Counter B 
Mode Select 



Counter A 
Mode Select 

6 Interval Timer 

1 Pulse Generation 

1 Event Counter 

1 1 Pulse Width Meas. 

Interval Timer 

1 Asymmetric Pulse Generation 

1 Event Counter 

1 .___. 1 Retriggerable Interval Timer 
Port B Latch 
(1 = Enabled) 
.Port DTri-State 
(0= Tri State High Impedance Mode) 



— .- X Normal 
1— — OAbbr. Bus 

1 — -. 1 Mux'd Bus 



Figure 3-5. Mode Control Register 

The use of Counter A Mode Select is shown in Section 6.1 . 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 



3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any oral] of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (lER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 

001 1 . In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Inten-upt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1 . 



The use of Port D in Tri-State Enable is shown in Section 
4.6. 

The use of Bus Mode Select is shown in Section 4.5 and 4.6. 
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Edge Detect 










Counter A 
















. Counters 






Underflow Flag 






Receiver 




Flag 




XMTR 


Flag 




Figure 3-6. Interrupt Enable and Flag Registers 



Table 3-1. Interrupt Flag Register Bit Codes 



BIT 
CODE 


FUNCTION 


FRO: 


PAO Positive Edge Detect Flag — Set to a "1" when a positive going edge is detected on PAO. 
Cleared by RiyiB (0010) instruction or by RES. 


IFR 1 : 


PA1 Positive edge Detect Flag— Set to a 1 when a positive going edge is detected on PA1. 
Clearecl by RMB 1 (0010) instruction or by RES. 


IFR 2; 


PA2 Negative Edge Detect Fl^g— Set to a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


IFR 3: 


PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PAS. 
Cleared by RMB 3 (0010) instruction or by RES. 


IFR 4: 


Counter A Underflow Flag— Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Courtter A at location 0018, by writing to address location 001 A, or by RES. 


IFR 5: 


Counter B Underflow Flag— Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001 C, by writing to address location 001 E, or by RES: 


IFR 6: 


Receiver Interrupt Flag— Set to a 1 when any of the Serial Communication Status Register bits 
through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 


IFR 7: 


Transmitter Interrupt Flag— Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a or SCSR 
7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 

3.8.1 Carry Bit (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic if no carry 
occurred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 

3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 



zero. This bit Is cleared to logic when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (Ir5). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1 , the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt <NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 



NOTES 

(?) Not initialized by RES 
(2) Set to Logic 1 by RES 



- CARRY (O© 

1 = Carry Set 

= Carry Clear 

- ZERO(Z)© 

1 = Zero Result 

= Non»Zero Result 

- INTERRUPT DISABLE (I) g) 

1 = IRQ Interrupt Disabled 

= IRQ Interrupt Enabled 

- DECIMAL MODE (D)© 

1 = Decimal Mode 

= Binary Mode 

- BREAK COMMAND (B)© 

1 ^ Break Command 

- Non Break Command 

- OVERFLOW (O)© 

1 = Overflow Set 

= Overflow Clear 

- NEGATIVE (N)© 

1 z Negative Value 
0= Postive Value 



Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the prdgrammer. The Set Decimal 
Mode ISED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 



CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 



3.8.5 Break Bit (B) 

The Break Bit ( B) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU execut ed a BRK 
command, the Break Bit will be set to logic l . If the IRQ rou- 
tine, was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n^ 127). 



This indicator only has meaning when signed ahthmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT Instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instruction. When used in this mode, the overflow 
has nothing to do with signed arithmetic, but is just another 
sense bit for the microprocessor. Instructions which affect the 
V flag are ADC. BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1 . If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR. 
INC, INX. INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY. TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 



The R6500/1 1 has 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through may be used either 
for input or output individually or in groups of any combina- 
tion. Port D may be used as all inputs or all outputs. 

The R6500/12, a 64 pin QUIP device, has three additional 
ports: PE, PF and PG. PE is outputs only; PF and PG are 
bidirectional. 

Multifunction l/O's such as Port A and Port C are protected 
frorh normal port I/O instructions when they are programmed 
to perform a multiplexed function. 

Internal pull-up resistors (FET's with an impedance range of 
3K =^ Rpu =^ 12K ohm) may be provided on all port pins 
except Port D and E as a mask option. 

The direction of the I/O lines are controlled by four 8-bit port 
registers located in page zero. This arrangement provides 
quick programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the I/O ports, which simplifies I/O handling. The 
I/O addresses are shown in Table 4-1. Section E.6 shows 
the I/O Port Timing. 

Table 4-1 . I/O Port Addresses 



Port 


Address 


A 


0000 


B 


0001 


c 


0002 


D 


0003 


E 


0004 


F 


0005 


G 


0006 



4.1 INPUTS 

Inputs for Ports A, B, and C and also Ports F and G of the 
R6500/12 are enabled by loading logic 1 into all I/O port reg- 
ister bit positions that are to correspond to I/O input lines. A 
low (<0.8V) input signal will cause a logic to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all I/O port registers to logic 1 thus initially treating all I/O 
lines as inputs. 



Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructioris can be used to modify the 
operation of PA, PB, PC, & PD and also ports PF and PG 
of the R6500/1 2, During the Read cycle of a Read/Modify/ 
Write instruction the Port I/O register is read. For all other 
read instructions the port input lines are read. Read/Modify/ 
Write instructions are: ASL, DEC, INC, LSR, RMB, ROL, 
ROR, and SMB. 

4.2 OUTPUTS 

Outputs for Ports A thru D and Ports E thru G of the R6500/ 
12 are controlled by writing the desired I/O line output states 
into the corresponding I/O port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic will force 
a low (<0.4V) output. 

Port D all outputs is selected by setting MCR5 to a "1". 

Port E is always all outputs. 

4.3 PORT A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges, and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the 02 clock rate. Edge detection timing is shown in Sec- 
tion E.5. 
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Table 4-2. Port A Control & Usage 








PAO (2) 


PAO I/O 


PORT B LATCH MODE 




MCR4 = 


MCR4 = 1 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


PAO 


I/O 


PORTB 
LATCH STROBE 


INPUT (1) 






PA1 (2) 
PA2(3) 
PA3 (3) 


PA1-PA3 I/O 


SIGNAL 


NAME 


TYPE 


PA1 
PA2 
PA3 


I/O 
I/O 
I/O 




PA4 

■ 


PA4 I/O 


COUNTER A I/O 


MCRO = 
MCR1 = 
SCCR7 = 
RCVR S/R MODE = 
(4) (5) 


MCRO = 1 
MCR1 = 
SCCR7 = 
RCVR S/R MODE = 
(4) 


SCCR7 = 
SCCR6 = 
MCR1 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA4 


I/O 


CNTA 


OUTPUT 


CNTA 


INPUT (1) 


SERIAL I/O SHIFT REGISTER CLOCK 


SCCR7 = 1 
SCCR5 = 1 


RCVR S/R MODE = 1 
(4) 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


XMTR CLOCK 


OUTPUT 


RCVR CLOCK 


INPUT (1) 




PAS 


PAS I/O 


COUNTERS I/O 


MORS = 
MCR2 = 


MCR3 = 
MCR2 = 1 


MORS = 1 
MCR2 = X 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA5 


I/O 


CNTB 


OUTPUT 


CNTB 


INPUT (1) 




Notes: 

(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect 

(4) RCVR S/R Mode = 1 when 
SCCR6 . SGCR5 • SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an Input 
only pin: 
SCCR7*SCCR6»SCCR5.MCR1 


PA6 


PA6 I/O 


SERIAL I/O 
XMTR OUTPUT 


SCCR7 = 


SCCR7 = 1 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


PA6 


I/O 


XMTR 


OUTPUT 




PA7 


PA7 I/O 


SERIAL I/O 
RCVR INPUT 


+ SCCR7'SCCR6*SCCR4-MCR1 
+ SCCR7*SCCR6*SCCR5 
+ SCCR7-SCCR5'SCCR4» 


SCCR6 = 


SCCR6 = 1 


SIGNAL 


SIGNAL 


NAME 


TYPE 1 


NAME 


TYPE 


PA7 


I/O 1 


RCVR 


INPUT (1) 
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4.4 PORTB(PB) 

Port B can be programmed as an 8 bit, bit independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched Input option. Input data 
latch timing for Port B is shown in Section E:5. 

Table 4-3. Port B Control & Usage 



Pin 
Name 


I/O Mode 


Latch 
Mode 


MCR4 = 


MCR4 = 1 
(2) 


Signal 


Signal 


Name 


Type(1) 


Name 


Type 


PBO 
PB1 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 


PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


PBO 
PB1 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 


INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 


(1) Resistive pull-up, active buffer pull down 

(2) Input data is stored in port B latch by PAO pulse 



4.5 PORT C (PC) 

Port C can be programmed as an I/O port and in conjunction 
with Port D, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus m odes , 
PC0-PC7 function as A0-A3, A12, R/W, A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3 FFF. (See 
Memory Map, Appendix B). The leading edge of EMS may 
be used to strobe the eight address lines multiplexed on Port 
D in the Multiplexed Bus Mode. See Appendix E.3 through 
E. 5 for Port C timing. 



4.6 PORT D (PD) 

Port D can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 
bit 5 of the MCR to (zero). Table 4-5 shows the necessary 
settings for the MCR to achieve the various modes for Port 
D. When Port is selected to operate in the Abbreviated 
Mode PD0-PD7 serves as data register bits D0-D7. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
through A11, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated and Multiplexed memory 
assignments. See Appendix E.3 through E.5 for Port D timing. 



4.7 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/12 ONLY 

Port E only operates in the Output mode. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional I/O ports. Jhey have standard 
output capability. See Appendix E.5 for Port E, F & Port G 
timing. 
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Table 4-4. Port C Control and Usage 



Pin 
Name 


I/O Mode 


Abbreviated 
Mode 


Multiplexed 
Mode 


MCR7 = 
MCR6 = X 


MCR7 = 1 
MCR6 = 


MCR7 = 1 
MCR6 = 1 


Signal 


Signal 


Signal 


Name 


Type 
(1) 


Name 


Type 
(2) 


Name 


Type 
(2) 


PCO 
PCI 
PC2 
PC3 
PC4 
PCS 
PC6 
PC7 


PCO 
PCI 
PC2 
PC3 
PC4 
PCS 
PC6 
PC7 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


AO 
A1 
A2 
A3 
A12 
RW 
A13 
EMS 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


AO 
A1 
A2 
A3 
A12 
RW 
A13 
EMS 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 

(2) Active Buffer Pull-Up and Pull-Down 




Table 4-5. Port D Control and Usage 







Abbreviated 












I/O Modes 


Mode 




Multiplexed Mode 




MCR7 = 


MCR7 = 


MCR7 = 1 




MCR7 = 1 






MCR6 = X 


MCR6 = X 


MCR6 = 




MORS = 1 




Pin 
Name 


MORS = 


MORS = 1 


MCR5 = 1 




MCR5 = 1 




Signal 


Signal 


Signal 


Signal 


Signal 


Name 


Type (1) 


Name 


Type (2) 


Name 


Type (3) 


Phase 1 


Phase 2 


Name 


Type (2) 


Name 


Type (3) 


PDO 


PDO 


INPUT 


PDO 


OUTPUT 


DATAO 


I/O 


A4 


OUTPUT 


DATAO 


I/O 


PD1 


PD1 


INPUT 


PD1 


OUTPUT 


DATA1 


I/O 


AS 


OUTPUT 


DATA1 


I/O 


PD2 


PD2 


INPUT 


PD2 


OUTPUT 


DATA2 


I/O 


A6 


OUTPUT 


DATA2 


I/O 


PD3 


PD3 


INPUT 


PDS 


OUTPUT 


DATA3 


I/O 


A7 


OUTPUT 


DATA3 


I/O 


PD4 


PD4 


INPUT 


PD4 


OUTPUT 


DATA4 


I/O 


A8 


OUTPUT 


DATA4 


I/O 


PDS 


PDS 


INPUT 


PDS 


OUTPUT 


DATAS 


I/O 


A9 


OUTPUT 


DATAS 


I/O 


PD6 


PD6 


INPUT 


PD6 


OUTPUT 


DATA6 


I/O 


A10 


OUTPUT 


DATA6 


I/O 


PD7 


PD7 


INPUT 


PD7 


OUTPUT 


DATA7 


I/O 


All 


OUTPUT 


DATA7 


I/O 


(1) Trl-State Buffer is in High Impedance Mode 












(2) Tri-State Buffer is in Active Mode 












(3) Tri-State Buffer is in Active Mode Only During the Phase 5 


> Portion of a Write Cycle 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 



The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A 
for all modes except the Receiver Shift Register (RCVR 
S/R) mode for which an external shift clock must be provided. 
The maximum data rate using the internal clock is 62.5K bits 
per second (@ ^2 = 1 MHz). The transmitter (XMTR) and 
receiver (RCVR) can be independently programmed to 
operate in different modes and can be independently ena- 
bled or disabled. 









SCCR 


7 


6 


5 


4 


3 


2 


1 





Addr 0015 


















O-Odd Parity 
















1-wEven Parity 














Parity Disable 














1 Parity Enable 










0~ 8 Bits/Char 










1~7 Bits/Char 










1 0~ 6 Bits/Char 










1 1 -- 5 Bits/Char 






XMTR & RCVR ASYN Mode 






1 XMTR ASYN, RCVR S/R 






1 X XMTR S/R, RCVR ASYN 




RCVR Disable 




1 RCVR Enable 


XMTR Disable 


1 XMTR Enable 



Figure 5-1 . Serial Communication Control Register 

Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 

Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are in Figure 5-2. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 





ASYNCHRONOUS MODE WITHOUT PARITY 






1 start! 


8-BIT DATA 


1 


2 STOP 1 




Ul^\ 


7-BIT DATA j 


2 STOP 


1 










1 start! 


6-BlTDATA j 2 STOP 


1 












1 ^ 1 

1 START 


5-BIT DATA 1 2-STOP | 





ASYNCHRONOUS MODE WITH PARITY 



1 ^ 1 

1 START 1 


8-BIT DATA 






parity STOP 




1 START 1 


7-BIT DATA 




! PARITY 1 


2 STOP 1 




u,;.ri 


6-BIT DATA 




1 parity! 


2 STOP 


1 














1 START 1 


5-BIT DATA 




[parity! J^'O' 


1 








SHIFT REGISTER MODE 8-B(T DATA 






' 1 


WORD M 


1 




WORD M + 1 



T REGISTER CLOCK (PA4) 



Figure 5-2. Transmitted Data Modes 

In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 

The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 



IFR7 = SCSR6 (SCSR5 + SCSR7) 

5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to par- 
agraph 5.1 for a diagram of bit allocations. The receiver bit 
period is divided into 8 sub-intervals for internal synchroni- 
zation. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-naif the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1 . 
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S«rfai_ 
Input " 



Internal 

Shift 

Clock 



r — T 



Start Bit LSB 



I I 



Stop Bit Stop Bit 



*S«rlal Input Data Shlftad In 



Figure 5-3. ASYN Receive Data Timing 

In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



r 



X 



Serial . 

Input . 
External 
Shift 
Clock 

Serial . 
Output . 

Shift 
Clock ~ 



* Serial Input Data Shifted In 
"Serial Output Data Makes Transition 



T 



X 



Figure 5-4. S/R IVIode Timing 

A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSRO: Receiver Data Register Full— Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR6 = 0. The SCSR 
bit will not be set to a logic 1 if the received data 
contains an error condition, instead, a corre- 
sponding error bit will be set to a logic 1 . 

SCSR 1 : Over-Run Error — Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still iri the Receiver 
Data Register. This bit is cle ared b y reading the 
Receiver Data Register, or by RES. 

SCSR 2: Parity Error— Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 



received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error — Set to a logic 1 when the received 
data contains a zero bifafter the last data or parity 
bit in the stop bit slot. Clea red b y reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

SCSR 4: i/Va/fe-l/p— Set to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission — Set to a logic 1 by writing 
a "1" in bit position 5 of address: 016. The End 
of Transmission bit Is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew da ta Into the Transmitter Shift 
Register, or by RES. 




SCSR 


7 


B 


5 


4 


3 


2.,,, 


1 





Addr 0016 


















L "CVR Data 
Reg Full 
- RCVR Over-Run 


























- Frame Error 










L- Wake-Up 








- End of Transmission 






L-XWTR Data Reg Empty 




^XMTR Under-Run 



Frgure 5-5. SCSR Bit Allocation 

5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer 
applications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
eleven consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 



The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 



Counter A 

Pulse width 
measurement 
Pulse Generation 
Interval Timer 
Event Counter 



Counter B 

Retriggerable Interval Counter 
Asymmetrical Pulse 
Generation 
Interval Timer 
Event Counter 



Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PA5 is automatically selected for 
Counter B (see Table 4.2). 



Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location 001 8, by writing to address 
location 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 



MCR1 
(bit 1) 


MCRO 
(bit 0) 


Mode 





1 
1 



1 


1 


Inten/al Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 



6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag(IFR4). 

The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 

Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 




COUNTER INTERRUPT ENABLED 



COUNTER UNDERFLOW FLAG 



SET ANY TIME BEFORE 
COUNTER UNDERFLOW r 



Figure 6-1 . interval Timer Timing Diagram 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Intervai Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2 . When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity 's therefore l^ts to 65j535 
ms at the 1 MHz 02 clock rate or 0.5 /is to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily meas ured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1_Jf the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflo w bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 

6.1.2 Pulse Generation Mode 

in the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 



The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The» state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 



CNTR 
COUNT 


■"*" P~ TpDSU 
\2.0V 


N 


L_ 

N-1 


J 1 


n r~ 


N-2 


N-3 




Figure 6-3. Pulse Width Measurement 



6.1.5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled. Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 



Figure 6.2 is a timing diagram of the Event Counter Mode. 




Figure 6-2. Event Counter Mode 



Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a jJ2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 



where 



N 



N - 



jZi2 



16 X bps 



-1 



= decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 
^2 = the clock frequency (1 MHz or 2 MHz) 
bps = the desired data rate. 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the (^2 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 



NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1 .5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. 


Counter A Values for Baud Rate Selection 












Clock Rate 








Actual 


Needed 








Baud 


To Get 


Standard 
Baud 
Rate 


Hexadecimal 


Rate 


Standard 


Value 


At 




Baud Rate 


1MHz 


2 MHz 


1 MHz 


2 MHz 


1 MHz 2 MHz 


50 


04E1 


09C3 


50.00 


50.00 


1.0000 2.0000 


75 


0340 


0682 


75.03 


74.99 


1.0000 2.0000 


110 


0237 


046F 


110.04 


110.04 


1.0000 2.0000 


150 


OtAO 


0340 


149.88 


150.06 


1.0000 2.0000 


300 


OOCF 


01 AO 


300.48 


299.76 


1.0000 2.0000 


600 


0067 


OOCF 


600.96 


600.96 


1.0000 2.0000 


1200 


0033 


0067 


1201.92 


1201.92 


1.0000 2.0000 


2400 


0019 


0033 


2403.85 


2403.85 


1.0000 2.0000 


3600 


001 Q 


0021 


3676.47 


3676.47 


0.9792 1.9584 


4800 


OOOC 


0019 


4807.69 


4807.69 


1.0000 2.0000 


7200 


0008 


0010 


6944.44 


7352.94 


1.0368 1.9584 


9600 


0006 


OOOC 


8928.57 


9615.38 


1.0752 2.0000 



6.2 COUNTER B 

Counter B consists of a 1 6-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B(UCB), Lower Latch B (LLB), Upper Latch B(ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Internal Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 



6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



LATCH VALUE 




RESET BY 
x^^ SOFTWARE 



Figure 6-4. Counter B Retriggerable Interval Timer Mode 
6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor Interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D iri the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
by writing to address location 001 D. At this point 
both Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001 E. Writing 
to address location 001 E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 

3. When the Counter B underflow occurs the contents of 
the Latch is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 



7.1 POWER-ON TIMING 

After application of Vcc and Vrr power to the R6500/1 1 , RES 
must be held low for at least eight 02 clock cycles after Vcc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vcc voltage and performance of the Internal oscillator. The 
clock can be monitored at 02 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 



CLOCK STABILIZATION TIME 



^ POWER ON ^ **..«wrv ^ . r^»....<.r^ , .vr., . 

02 ..>>AA^^»A/^AAAAAfu^^^^^^^^^^^^^^^ 



XTLO 



RES 



8 02 CLOCKS 
CYCLES MIN 



Figure 7-1 . Power Turn-on Timing Detail 
7,2 POWER-ON RESET 

The occurrence of RES going from low to high will cause the 
R6500/1 1 to set the Interrupt Mask Bit—bit 2 of the Pro- 
cessor Status Register — and Initiate a reset vector fetch at 
address FFFC and FFFD to begin user program execution. 
All of the I/O ports (PA, PB. PC, PD) will be forced to the 
high (logic 1) state. All bits of the Control Register will be 
cleared to logic causing the Interval Timers counter mode 
(mode 00) to be selected and causing all interrupt enabled 
bits to be reset. 



CB 
OUTPUT— 


1 2 3 4 

n n 

1. D -Irl. 


r " •^l ^ r 

1&3. Counter B ^»— Latch B (D) 
2&4. Counter B ■* Latch C (P) 



7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the R6500/1 1 is put in 
a reset state causing the registers and I/O ports to be con- 
figured as shown in Table 7-1 . 

Table 7-1. RES Initialization of I/O Ports and Registers 





7 


6 


5 


4 


3 


2 


1 





Registers 


















Processor Status 


_ 


— 


— 


__ 


— 


1 


.— 


_ 


Mode Control (MCR) 


























Int. Enable (lER) 


























int. Flag (IFR) 


























Ser. Com. Control (SCCR) 


























Ser. Com. Status (SCSR) 





1 




















Ports 


















PA Latch 


1 


1 


1 


1 


1 


1 


1 


1 


PB Latch 


1 


1 


1 


1 


1 


1 


1 


1 


PC Latch 


1 


1 


1 


1 


1 


1 


1 


1 


PD Latch 


1 


1 


1 


1 


1 


1 


1 


1 




All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 

7,4 INITIALIZATION 

Any initialization process for the R6500/11 should Include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 

1 . The Stack Pointer should be set 

2. Clearer Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear Interrupts 

A typical initialization subroutine could be as follows: 



Figure 6-5. Counter B Puise Generation 



LDX 

TXS 
CLD 
SEC 



CLI 



Load stack pointer starting address into X 

Register 

Transfer X Register value to Stack Pointer 

Clear Decimal Mode 

Set Carry Flag 

Set-up Mode Control and 

special function 

registers as required 

Clear Interrupts 
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APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 



This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with a * are added instructions 
to enhance the standard 6502 instruction set. 



A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 

ADC Add Memory to Accumulator with Carry 

AND "AND" Memory with Accumulator 

ASL Shift Left One Bit (Memory or Accumulator) 

*BBR Branch on Bit Reset Relative 

*BBS Branch on Bit Set Relative 

BCC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Riesult Zero 

BIT Test Bits in Memory with Accumulator 

BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 

CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement Index X by One 

DEY Decrement Index Y by One 

EOR "Exclusive-Or" Memory with 
Accumulator 

INC . Increment Memory by One 

INX Increment Index X by One 

INY Increment Index Y by One 

JMP Jump to New Location 

JSR Jump to New Location Saving Return 
Address 



LDA Load Accumulator with Memory 

LDX Load Index X with Memory 

LDY Load Index Y with Memory 

LSR Shift One Bit Right (Memory or 
Accumulator) 

NOP No Operation 

ORA "OR" Memory with Accumulator 

PHA Push Accumulator on Stack 

PHP Push Processor Status on Stack 

PLA Pull Accumulator from Stack 

PLP Pull Processor Status from Stack 

*RMB Reset Memory Bit 

ROL Rotate One Bit Left (Memory or 

Accumulator) 

ROR Rotate One Bit Right (Memory or 

Accumulator) 

RTI Return from Interrupt 

RTS Return from Subroutine 

SBC Subtract Memory from Accumulator with 

Borrow 

SEC Set Carry Flag 

SED Set Decimal Mode 

SEI Set Interrupt Disable Status 

*SMB Set Memory Bit 

STA Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 

TAX Transfer Accumulator to Index X 

TAY Transfer Accumulator to Index Y 

TSX Transfer Stack Pointer to Index X 

TXA Transfer Index X to Accumulator 

TXS Transfer Index X to Stack Register 

TYA Transfer Index Y to Accumulator 
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A.2 INSTRUCTION SET SUMMARY TABLE 









































R6500/11 INSTRUCTION SET 








































PROCESSOR STATUS 


INSTRUCTIONS 


CODES 


MNEMONIC 


OPERATION 


IMMEDIATE 


ABSOLUTE 


ZERO PAGE 


ACCUM. 


IMPLIED 


{IND.X) 


(IND),Y 


Z.PAGE,X 


ABS,J{^ 


1 ABS, Y 


RELATIVE 


INDIRECT 


Z. PAGE, Y 


BIT ADDRESSING (OP BY BIT #) 


7 6 5 4 3 2 10] 


^ 


n 


# 


"op 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


V 


# 


OP 


T 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


|0P 


n 


# 





1 


2 


3 


4 


5 


6 


7 


N V . 


B D 1 Z C 


ADC 


A-M-C— A {4){1) 


"eg" 


2 


2 


60 


4 


~ 


"is" 


T 


T 














6? 


6 


~ 


71 


T 


2 


"75" 


4 


2 


70 


4 


3 


79 


4 


3 




































N V • 


• • . z c 


AND 
ASL 


A M-A (1) 


29 


2 


2 


2D 
OE 


4 
6 


3 
3 


25 
06 


3 
5 


2 
2 


OA 


2 


1 








21 


6 


2 


31 


5 


2 


35 
16 


4 
6 


2 
2 


3D 

IE 


4 

7 


3 
3 


39 


4 


3 




































N • • 
N • • 




li\ 


C^ [T" 1 ^-0 


BBR[#(0-7)]: 


Branch on Me = (5)f2) 
















































































OF 


IF 


2F 


3F 


4F 


5F 


6F 


7F 












.BBSf#(0-7)] 


Branch on M,= 1 (5)(2) 
















































































8F 


9F 


AF 


BF 


CF 


OF 


EF 


FF 












BCC 


Branch on C = (2) 






























































90 


2 


2 








































BCS 


Branch on C=1 (2) 






























































BO 


2 


2 








































BEQ 


Branch on Z=1 (2) 






























































FO 


2 


2 








































BIT 


A AM 








2C 


4 


3 


24 


3 


2 














































































M 


■M, . 




2 




BMI 


Branch on N = 1 (2) 






























































30 


2 


2 








































BNE 


Branch on 2=0 (2) 






























































DO 


2 


2 








































BPL 


Branch on N=0 (2) 






























































10 


2 


2 








































BRK 


Break 


























00 


7 


1 












































































BVC 


Branch on V=0 (2) 






























































50 


2 


2 








































BVS 


Branch on V=1 (2) 






























































70 


2 


2 








































CLC 


0-C 


























IB 


2 


1 












































































CLD 


0--D 


























D8 


2 


1 












































































CD 


0--I 


























58 


2 


1 












































































CLV 


0— V 


























68 


2 


1 













































































CMP 


A M(1) 


C9 


2 


2 


CD 


4 


3 


C5 


3 


2 














CI 


6 


2 


D1 


5 


2 


D5 


4 


2 


DD 


4 


3 


D9 


4 


3 




































N ' 




z c 


CPX 


X M 


EO 


2 


2 


EC 


4 


3 


E4 


3 


2 














































































H • 




z c 


CPY 


Y M 


CO 


2 


2 


CC 


4 


3 


C4 


3 


2 














































































N • 




z c 


DEC 


M 1-M 








CE 


6 


3 


C6 


5 


2 


























D6 


6 


2 


DE 


7 


3 










































N . 




Z • 


DEX 


X l-X 


























CA 


2 


1 


































































N . 




z • 


DEY 


Y 1--Y 


























88 


2 


1 


































































N ■ 




z • 


EOR 


AVM— A (1) 


49 


2 


2 


40 


4 


3 


45 


3 


2 














41 


6 


2 


51 


5 


2 


55 


4 


2 


5D 


4 


3 


59 


4 


3 




































N . 




z • 


INC 


M- t-M 








EE 


6 


3 


E6 






























F6 


6 


2 


FE 


7 


3 










































N . 




z • 


INX 


X-1-X 








- . - 


















EB 


2 


1 


































































N • 




z . 


\m 


Y- l-Y 


























C8 


2 


1 


































































N . 




z ■ 


JMP 


Jump to New Loc 








4C 


3 


3 
























































6C 


5 


3 






























JSR 


Jump Sub 








20 


6 


3 


























































































LDA 


M-A (1) 


A9 


2 


2 


AD 


4 


3 


A5 


3 


2 














A1 


6 


2 


B1 


5 


2 


B5 


4 


2 


BO 


4 


3 


89 


4 


3 




































N • 




z . 


LDX 


M-X (1) 


A2 


2 


2 


AE 


4 


3 


A6 


3 


2 






































BE 


4 


3 














B6 


4 


2 


















N . 




z . 


LDY 


M-y (1) 


AO 


2 


2 


AC 


4 


3 


A4 


3 


2 


























B4 


4 


2 


BC 


4 


3 










































N • 




z • 


LSR 


0-1 7 0|-C 








4E 


6 


3 


46 


5 


2 


4A 


2 


1 




















56 


6 


2 


5E 


7 


3 










































• 




z c 


NOP 


No Operation 


























EA 


2 


1 








































































■ORA 


AVM-A(I) 


09 


2 


2 


OD 


4 


3 


05 


3 


2 














01 


6 


2 


11 


5 


2 


15 


4 


2 


ID 


4 


3 


19 


4 


3 




































N • 




z . 


PHA 


A-Ms S 1-S 


























48 


3 


1 








































































PHP 


P-Ms S 1-8 


























08 


3 


1 








































































PLA 


S-l-S Ms-A 


























68 


4 


1 


































































N . 




. z • 


PLP 


S-1-S Ms-P 














^ 












28 


4 


1 




































































(Restored) 


RMB[#(0-7)] 


0-M, (5) 
















































































07 


17 


27 


37 


47 


57 


67 


77 








ROL 


^_17 a\-^-icu 








2E 


6 


3 


26 


5 


2. 


2A 


2 


1 




















36 


6 


2 


3E 


7 


3 










































N . 




. z c 


ROR 
RTI 


rO-— fr m-, 








6E 


6 


3 


66 


5 


2 


6A 


2 


1 


40 


6 


1 














76 


6 


2 


7E 


7 


3 










































N • 


. . . . z c 

(Restored) 


Rtrn Int 


RTS 


Rtrn Sub 


























60 


6 


1 








































































SBC 


A M-C-A (1) 


E9 


2 


2 


ED 


4 


3 


E5 


3 


2 














El 


6 


2 


F1 


5 


2 


F5 


4 


2 


FD 


4 


3 


F9 


4 


3 




































N V 




• Z (3) 


SEC 


1-C 


























38 


2 


t^^ 










































































• 1 


SED 


1-D 


























F8 


2 


1 












































































SEI 


1-T 




















- 






78 


2 


1 












































































SMB[#(0-7)] 


1-M, (5) 
















































































87 


97 


A7 


B7 


C7 


D7 


E7 


F7 












STA 


A—M 








8D 


4 


3 


85 


3 


2 














81 


6 


2 


91 


6 


2 


95 


4 


2 


9D 


5 


3 


c , 


5 


3 














































STX 


X—M 








8E 


4 


3 


86 


3 


2 
























































96 


4 


2 




























STY 


Y-M 








8C 


4 


3 


84 


3 


2 


























94 


4 


2 


























































TAX 


A-X 


























AA 


2 


1 


































































n'- 




• z . 


TAY 


A— Y 


























A8 


2 


1 


































































N ■ 




• z • 


TSX 


S-X 


























BA 


2 


1 


































































N • 




■ Z ■ 


TXA 


X-A 


























8A 


2 


1- 


































































N • 




■ Z • 


TXS 


X-S 


























9A 


2 


1 


















































- 






















TYA 


Y-A 


























98 


2 


1 


































































N • 




■ z ■ 


NOTES LEGEND M^ = Memory Bit 6 


1. Add 1 to N if page boundary is crossed X = Index X . = Add 


2. Add 1 to N if branch occurs to same page Y = Index Y - = Subtract 


Add 2 to N if branch occurs to different page A = Accumulator a = And 


3. Carry not = Borrow M = Memory per effective address V = Or 


4. If in decimal mode Z flag is invalid M, = Memory per stack pointer v- = Exclusive Or 


accumulator must be checked on zero result. M^ = Selecter zero page memory bit " = Number of cycles 


5. Effects 8-bit data fieJd of the specified zero fsge address. M, = Memory Bit 7 # = Number of Bytes 
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A.3 INSTRUCTION CODE MATRIX 



BRK 

Implied 

1 7 



— QP Code 

—Addressing Mode 

-—Instruction Bytes; Machine Cycles 



Q 
CO 

2 



BRK 


ORA 








ORA 


ASL 


RMBO 


PHP 


ORA 


ASL 






ORA 


ASL 


BBRO 


Implied 


(IND, X) 








ZP 


ZP 


ZP 


Implied 


IMM 


Accum 






ABS 


ABS 


ZP 


1 7 


2 6 








2 3 


2 5 


2 5 


1 3 


2 2 


1 2 






3 4 


3 6 


3 5** 


BPL 


ORA 








ORA 


ASL 


RMB1 


CLC 


ORA 








ORA 


ASL 


BBR1 


Relative 


(IND), Y 








ZP,X 


ZP,X 


ZP, 


Implied 


ABS.Y 








ABS, X 


ABS,X 


ZP 


2 2" 


2 5* 








2 4 


2 6 


2 5 


1 2 


3 4* 








3 4* 


3 7 


3 5** 


JSR 


AND 






BIT 


AND 


ROL 


RMB2 


PLP 


AND 


ROL 




BIT 


AND 


ROL 


BBR2 


Absolute 


(IND, X) 






ZP 


ZP 


ZP 


ZP 


Implied 


IMM 


Accum 




ABS 


ABS 


ABS 


ZP 


3 6 


2 6 






2 3 


2 3 


2 5 


2 5 


1 4 


2 2 


1 2 




3 4 


3 4 


3 6 


3 5" 


BMI 


AND 








AND 


ROL 


RMB3 


SEG 


AND 








AND 


ROL 


BBR3 


Relative 


(IND.Y) 








ZP, X 


ZP,X 


ZP 


implied 


ABS.Y 








ABS, X 


ABS,X 


ZP 


2 2" 


2 5* 








2 4 


2 6 


2 5 


1 2 


3 4* 








3 4* 


3 7 


3 5** 


RTI 


EOR 








EOR 


LSR 


RMB4 


PHA 


EOR 


LSR 




JMP 


EOR 


LSR 


BBR4 


Implied 


(IND.X) 








ZP 


ZP 


ZP 


Implied 


IMM 


Accum 




ABS 


ABS 


ABS 


ZP 


1 6 


2 6 








2 3 


2 5 


2 5 


1 3 


2 2 


1 2 




3 3 


3 4 


3 6 


3 5*V 


BVC 


EOR 








EOR 


LSR 


RMB5 


CLI 


EOR 








EOR 


LSR 


BBR5 


Relative 


(IND), Y 








ZP, X 


ZP, X 


ZP 


Implied 


ABS,Y 








ABS, X 


ABS, X 


ZP 


2 2" 


2 5* 








2 4 


2 6 


2 5 


1 2 


3 4* 








3 4* 


3 7 


3 5** 


RTS 


ADC 








ADC 


ROR 


RMB6 


PLA 


ADC 


ROR 




JMP 


ADC 


ROR 


BBR6 


Implied 


(IND, X) 








ZP 


ZP 


ZP 


Implied 


IMM 


Accum 




Indirect 


ABS 


ABS 


ZP 


1 6 


2 6 








2 3 


2 5 


2 5 


1 4 


2 2 


1 2 




3 5 


3 4 


3 6 


3 5** 


BVS 


ADC 








ADC 


ROR 


RMB7 


SEI 


ADC 








ADC 


ROR 


BBR7 


Relative 


(IND,Y) 








ZP, X 


ZP, X 


ZP 


Implied 


ABS, Y 








ABS, X 


ABS,X 


ZP 


2 2" 


2 5* 








2 4 


2 6 


2 5 


1 2 


3 4* 






■ 


3 4* 


3 7 


3 5" 




STA 






STY 


STA 


STX 


SMBO 


DEY 




TXA 




STY 


STA 


STX 


BBSO 




(IND, X) 






ZP 


ZP 


ZP 


ZP 


Implied 




Implied 




ABS 


ABS 


ABS 


ZP 




2 6 






2 3 


2 3 


2 3 


2 5 


1 2 




1 2 




3 4 


3 4 


3 4 


3 5" 


BCC 


STA 






STY 


STA 


STX 


SMB1 


TYA 


STA 


TXS 






STA 




BBS1 


Relative 


(IND, Y) 






ZP, X 


ZP.X 


ZP, Y 


ZP 


Implied 


ABS,Y 


Implied 






ABS, X 




ZP 


2 2" 


2 6 






2 4 


2 4 


2 4 


2 5 


1 2 


3 5 


1 2 






3 5 




3 5" 


LDY 


LDA 


LDX 




LDY 


LDA 


LDX 


SMB2 


TAY 


LDA 


TAX 




LDY 


LDA 


LDX 


BBS2 


IMM 


(IND, X) 


IMM 




ZP 


ZP 


ZP 


ZP 


Implied 


IMM 


Implied 




ABS 


ABS 


ABS 


ZP 


2 2 


2 6 


2 2 




2 3 


2 3 


2 3 


2 5 


1 2 


2 2 


1 2 




3 4 


3 4 


3 4 


3 5" 


BCS 


LDA 






LDY 


LDA 


Ldx 


SMB3 


CLV 


LDA 


TSX 




LDY 


LDA 


LDX 


BBS3 


Relative 


(IND), Y 






ZP, X 


ZP, X 


ZP, Y 


ZP 


Implied 


ABS, Y 


Implied 




ABS, X 


ABS, X 


ABS, Y 


ZP 


2 2" 


2 5* 






2 4 


2 4 


2 4 


2 5 


1 2 


3 4* 


1 2 




3 4* 


3 4* 


3 4* 


3 5** 


CPY 


CMP 






CPY 


CMP 


DEC 


SMB4 


INY 


CMP 


DEX 




CPY 


CMP 


DEC 


BBS4 


IMM 


(IND, X) 






ZP 


ZP 


ZP 


ZP 


Implied 


IMM 


Implied 




ABS 


ABS 


ABS 


ZP 


2 2 


2 6 






2 3 


2 3 


2 5 


2 5 


1 2 


2 2 


1 2 




3 4 


3 4 


3 6 


3 5" 


BNE 


CMP 








CMP 


DEC 


SMB5 


CLD 


CMP 








CMP 


DEC 


BBSS 


Relative 


(IND), Y 








ZP, X 


ZP,X 


ZP 


Implied 


ABS, Y 








ABS, X 


ABS, X 


ZP 


2 2" 


. 2 5* 








2 4 


2 6 


2 5 


12 


3 4* 








3 4* 


3 7 


3 5" 


CPX 


SBC 






CPX 


SBC 


INC 


SMB6 


INX 


SBC 


NOP 




CPX 


SBC 


INC 


BBS6 


IMM 


(IND, X) 






ZP 


ZP 


ZP 


ZP 


Implied 


IMM 


Implied 




ABS 


ABS 


ABS 


ZP 


2 2 


2 6 






2 3 


2 3 


2 5 


2 5 


1 2 


2 2 


1 2 




3 4 


3 4 


3 6 


3 5" 


BEQ 


SBC 








SBC 


INC 


SMB7 


SED 


SBC 








SBC 


INC 


BBS7 


Relative 


(IND), Y 








ZP, X 


ZP,X 


ZP 


Implied 


ABS, Y 








ABS,X 


ABS.X 


ZP 


2 2" 


2 5* 








2 4 


2 6 


2 5 


1 2 


3 4* 








3 4- 


3 7 


3 5" 



B 



*Add 1 to N if page boundary is crossed. 
**Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 



ACCUMULATOR 



^ INDEX REGISTER Y 


^ INDEX REGISTER X 


]] PROGRAM COUNTER 

~1 STACK POINTER 



n| v| 1 B I D I I |Z {C~\ PROCESSOR STATUS REG P 



CPU Registers 



Bus Mode Select 



Addr 0014 



Counter B 
Mode Select 



Counter' A 
Mode Select 

6 interval Timer 

I I 1 Pulse Generation 

1 Event Counter 

I ( 1 1 Pulse Width Meas. 

Interval Timer 

1 Asymmetric Pulse Generation 

1 Event Counter 

1 1 Retriggerable Interval Timer 

Port B Latch 
(1 = Enable) 
Port D Tri-State 
(0 = Tri-Stale High Impedance Mode) 



NOTES 

1 Not initialized by RES 
d) Set to Logic 1 by'RiS 



Processor Status Register 



- X Normal 

- Abbr. Bus 

- 1 Mux'd Bus 



Mode Control Register 



1 



- CARRY (C) 

t = Carry Set 
0— Carry Clear 

- ZERO (2)0 



— INTERRUPT DISABLE (I) (2) 

1 - IRQ Interrupt Disabled 
*0 . : IRQ Interrupt Enabled 

— DECIMAL MODE (D) 

1 — Decimal Mode 
— Binary Mode 

— BREAK COMMAND (B)0 




■ OVERFLOW (0)0 



- NEGATIVE (N) Q) 



1 = Negative Value 
= Postive Value 



Addr 0012 



XMTR 
Flag 



RCVR 
Flag 



|_ PAO Positive 
Edge Detect 
PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
PA3 Negative 
Edge Detect 
Counter A 
Underflow Flag 
Counter B 
Underflow Flag 



Interrupt Enable and Flag Registers 



SCCR 


7 


6 


s 


4 


3 


2 


1 





Addr 0015 


















1 


3dd Parity 
















1~Even Parity 
















Parity Disable 
















i- 1 Parity Enable 










0~8 BIts/Char 










1~7 Bits/Char 










1 0—6 Bits/Char 










1 t*^ 5 Bits/Char 






XMTR & RCVR ASYN Mode 






1 XMT« ASYN, RCVR S/R 






1 _x XMTR S/R, RCVR ASYN 




1 RCVR Disable 
L 1 RCVR Enable 






'- XMTR Disable 






1 


XM 


TR 


En 


sbK 


> 





















L RCVR Data 
Reg Full 
RCVR Over-Run 



Serial Communications Control Register 
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Parity Error 
Frame Error 
^ Wake-Up 
End of Transmission 
XMTR Data Reg Empty 
XMTR Under-Run 

Serial Communications Status Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 

MAPS/PIN FUNCTIONS 

C.1 I/O AND INTERNAL REGISTER ADDRESSES 



ADDRESS 
(HEX) 


READ 


WRITE 


001F 
1E 
1D 
1C 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Upper Latch B, Cntr B«-Latch B, CLR Flag 
Upper Latch B, Latch C<-Latch B 
Lower Latch B. 


1B 
1A 
19 
18 


Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Upper Latch A, Cntr A«-Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


17 
16 
15 
14 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Serial Transmitter Data Register 
Serial COmm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Mode Control Register 


13 

12 

11 

0010 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Interrupt Enable Register 

Clear Int Flag (Bits 0-3 only, Write O's only) 


OF 
OE 
OD 
OC 


^ 





OB 
OA 
09 
08 





• 


07 
06 
05 
04 


PortG* 
PortF* 
PortE* 


PortG* 
PortF* 
PortE* 


03 

02 

01 

0000 


PortD 
Porte 
Port B 
Port A 


Port D 
Porte 
Port B 
Port A 



NOTE: *R6500/12Q Only 
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C.2 ABBREVIATED MODE 
MEMORY MAP 



C.3 MULTIPLEXED MODE 
MEMORY MAP 













FFFE 
FFFC 
FFFA 

F400 


IRQ vector 




RES Vector 


NMI Vector 


ROM (3K) 




Reserved 






001 F 

0010 
OOOF 


/ 

1 
t 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


Internal 
Registers 


4 31-Kh 

-^OOFF 

0040 

001 F 
0000 


Peripheral Devices 
Abbr Addr Mode 


Reserved 


Internal Ram (192) 


I/O Ports E, F, G 
(R6500/12QOnly) 


0006 
0004 
0003 


Reserved 


I/O Ports A, B, C, D 


I/O & Registers 







FFFE 
FFFC 
FFFA 



■3FFF 



001 F 
0000 



NMI Vector 



ROM(3K) 



External Memory 
(16384-256) 
Mux'd Addr Mode 



Internal Ram (192) 



Reserved 



I/O & Registers 



Internal 
Registers 



I/O Ports E, F, G 
(R6500/12Q Only) 



I/O Ports A, B, C, D 



0010 
OOOF 
0007 
0006 



0004 
0003 




C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS—PORT AND PORT D 



PIN 


I/O PORT 


ABBREVIATED PORT 


MULTIPLEXED PORT 


NUMBER 


FUNCTION 


FUNCTION 


FUNCTION 


4 


PCO 


AO 


AO 


5 


PCI 


A1 


A1 


6 


PG2 


A2 


A2 


7 


PC3 


A3 


A3 


8 


PC4 


A12 


A12 


9 


PCS 


R/W 


R/W 


10 


PC6 


A13 


A13 


11 


PC7 


EMS 


EMS 


19 


PDO 


DO 


A4/D0 


18 


PD1 


D1 


A5/D1 


17 


PD2 


D2 


A6/D2 


16 


PD3 


D3 


A7/D3 


15 


PD4 


D4 


A8/D4 


14 


PD5 


D5 


A9/D5 


13 


PD6 


D6 


A10/D6 


12 


PD7 


D7 


A11/D7 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc&Vrr 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 


T 


Oto +70 


°C 


Storage Temperature 


TSTG 


-55 to +150 


oc 



*NOTE: Stresses above those listed may cause permanent dam- 
age to the device. This is a stress rating only and functional oper- 
ation of the device at these or any other conditions above those 
indicated in other sections of this document is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS 

(Vcc = 5V ±50/0, Vss = 0, Ta = to 70OC) 



Parameter 


Symbol 


MIn. 


Typ. 


Max. 


Unit 


Power Dissipation (Outputs High) 
Commercial @ aS'C 


Pd 







1200 


mW 


RAM Standby Voltage (Retention Mode) 


Vrr 


3.0 


- 


Vcc 


Vdc 


RAM Standby Current (Retention Mode) 
Commercial @ 25°C 


Irr 





4 





mAdc 


Input High Voltage 


V,H 


+ 2.0 


- 


Vcc 


Vdc 


Input High Voltage (XTLI and 02 in Slave Option) 


V,H 


+ 4.0 


- 


Vcc 


Vdc 


Input Low Voltage 


V,L 


-0.3 


- 


+ 0.8 


Vdc 


Input Leakage Current (RES, NMI) 
Vjn = to 5.0 Vdc 


l|N 






±10.0 


/tAdc 


Input Low Current PA, PB, PC, PD, PF*, and PG* 
(V,L = 0.4 Vdc) 


'iL 


— 


-1.0 


-1.6 


mAdc 


Output High Voltage (Except XTLO) 
('load = -100 ^Adc) 


VoH 


+ 2.4 


— 


Vcc 


Vdc 


Output Low Voltage 
(•load - I.emAdc) 


Vol 


— 


— 


+ 0.4 


Vdc 


Darlington Current Drive, PE* 
(Vo- 1.5 Vdc) 


Iqh 


-1.0 


— 


— 


mAdc 


Input Capacitance 
(Vi„ -0, Ta = 25°C. f * 1.0 MHz) 
PA, PB. PC, PD, PF*, and PG* 
XTLI, XTLO 


Cm 


- 


- 


10 
50 


pF 


I/O Port Pull-Up Resistance 
PA0-PA7, PB0-PB7, PC0-PC7, PF0-PF7 & PG0-PG7 


Rl 


3.0 


6.0 


11.5 


KS2 


Output Leakage Current 
Tri-State l/Os while in High Impedance State 


Iqut 


_ 





±10 


AtAdc 


Output Capacitance 
Tri-State l/Os while in High Impedance State 
V,N = OV, Ta = 25*>C. f = 25°C, f = 1.0 MHz 


Cqut 


- 


- 


10 


pF 


Note: Negative sign indicates outward current flow, positive indicates inward flow. *R6500/12Q only. | 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 



E.1 GENERAL NOTES 

1 . Vcc = 5V ±5%, O^^C ^ TA ^ yO'^C 

2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below: 

PA, PB — 50pf maximum 

PC (I/O Modes Only) — 50pf maximum 

PC (ABB and Mux Mode) — 130pf maximum 

PC6, PC7 (Full Address Mode) — 130pf maximum 



E.2 CLOCK TIMING 



SYMBOL 


PARAMETER 


1MHz 


2 MHz 1 


MIN 


MAX 


MIN 


MAX 


Tcvc 


Cycle Time 


1000 


10 ms 


500 


10 ms 


Tpwxv 


XTLI Input Clock 
Pulse Width 
XTLO = VSS 


500 
± 25 


" 


250 
± 10 


" 


Tpwoz 


Output Clock Pulse 
Width at Minimum 
Tcvc 


Tpwxi 


Tpwxi 
±25 


TpwX1 


Tpwxi 
±20 


Tr, t. 


Output Clock Rise, 
Fall Time 


— 


25 


— 


15 


T,R, T,P 


Input Clock Rise, 
Fail Time 


— 


10 


— 


10 
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E.3 ABBREVIATED MODE TIMING— PC AND PD 



(MCR 5 = 


1,MCR6 ~ 0,MCR7- 1) 










SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MiN 


MAX 


MIN 


MAX 


TpcRS 


(PCS) R/W Setup Time 


— 


225 


— 


140 


TpcAS 


(PC0-PC4, PC6) Address Setup Time 


— 


200 


- 


140 


TpBSU 


(PD) Data Setup Time 


50 


— 


3S 


— 


'PBHR 


(PD) Data Read Hold Time 


10 


— 


10 


— 


'PBHW 


(PD) Data Write Hold Time 


30 


— 


30 


— 


TpBDD 


(PD) Data Output Delay 


— 


175 


— 


130 


TpCHA 


(PC0-PC4, PC6) Address Hold Time 


30 


— 


30 


— 


TpcHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


IpcHV 


(PC7) EMS Hold Time 


10 


— 


10 


— 


Tpcvp<^' 


(PC7) Address to EMS Delay Time 


30 


220 


30 


130 


Tpcvp 


(PC7) EMS Stabilization Time 


30 


- 


30 


- 



NOTE 1 : Values assume PC0-PC4, PC6 and PC7 have the same capacitive load. 



E.3.1 Abbreviated Mode Timing Diagram 











READ 






WRU 


FE 








02 \ 
R/W 


\ 


/ 




T 


/ 


L 


\ 






7 


^— TPCHR 






/ 


mi 


L 
TPC^S 





m 








^ TPCHV 


\ 








^ - 






r 


EMS 


TPCVD 


\ 


J- 














TPC 


HA 

m 




TPCVP 






PC0-PC4, 
PC6 


"^ 

7 


L 


D#^ 




\ 


t 










TPBSU 




TPBDD 










TPCAS 








\ 


7 


r 
^ 




* 




\ 


PD0-PD7 ^ 

1 


////A; 


\ 


\ 

7 


) 


\ 


2~ 
»BHR 


Wj> 




















TF 






T 


PBH 


W 
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E.4 MULTIPLEXED MODE TIMrNG— PC AND PD 



(MCR 5 = 


1,MCR6 - 1, MCR 7 = 1) 










SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TpCRS 


(PCS) R/W Setup Time 


— 


225 


— 


140 


TpcAs 


(PC0-PC4. PC6) Address Setup Time 


— 


200 


— 


140 


TpBAS 


(PD) Address Setup Time 


- 


220 


— 


120 


TpBSU 


(PD) Data Setup Time 


SO 


— 


35 


— 


TpBHR 


(PD) Data Read Hold Time 


10 


— 


10 


— 


TpBHW 


(PD) Data Write Hold Time 


30 


— 


30 


— 


TpBDD 


(PD) Data Output Delay 


— 


175 


— ; 


140 


TpcHA 


(PC0-PC4, PC6) Address Hold Time 


30 


— 


30 


- 


TpBHA 


(PD) Address Hold Time 


40 


100 


40 


80 


TpCHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


TpcHV 


(PC7) EMS Hold Time 


10 


— 


10 


— 


TPCVD*^' 


(PC7) Address to EMS Delay Time 


30 


200 


30 


150 


Tpcvp 


(PC7) EMS Stabilization Time 


30 


- 


30 


- 




NOTE 1: Values assume PD0-PD7 and PC7 have the same capactive load. 



E.4.1 Multiplex Mode Timing Diagram 

READ 

02 

J- 




EMS 
(PC7) 



PC0-PC4, 
PC6 



PDO" 
PD7 



TPCRS 



A- 



TPCHA 



TPCAS 



TPBAS 



"^ 



\ 



TPBHA 






-TPCVD 



.r 



-\. 



-^ 



WRITE 



-r 



. TPCHV 



;- 



TPCVP 



\ 



. TPBSU 



TPBDD 



TPBHR 



u 



y 



> 



TPBHW 
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E.5 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


Tpow'^' 
TcMos"' 

T PODW 


Internal Write to Peripheral Data Valid 
PA, PB, PC, PE, PF, PG, TTL 
PA, PB, PC, PE, PF, PG, CMOS 
PD 


- 


500 

1000 

175 


- 


500 

1000 

150 


TpDSu 
TpDSU 


Peripheral Data Setup Time 
PA, PB, PC, PF, PG 
PD 


200 
50 


- 


200 
50 


- 


TpHR 
TpHR 


Peripheral Data Hold Time 
PA, PB, PC, PF, PG 
PD 


75 
10 


- 


75 
10 


- 


Tepw 


PA0-PA3 Edge Detect Pulse Width 


TcYC 


— 


TcYc 


— 


'cPW 

Tco"' 


Counters A and B 
PA4, PA5 Input Pulse Width 
PA4, PAS Output Delay 


'CYC 


500 


TcYC 


500 


TpBLW 
TpLSU 
TpBLH 


Port B Latch Mode 

PAO Strobe Pulse Width 
PB Data Setup Time 
PB Data Hold Time 


•CYC 

175 
30 


- 


Tcvc 

150 

30 


- 


TPDW'^' 
TCMOS'^' 

Tcpw 

TpDw'^' 
TcMOS^^' 


Serial I/O 
PA6 XMTR TTL 
PA6 XMTR CMOS 
PA4 RCVR SIR Clock Width 
PA4 XMTR Clock— S/R Mode (TTL) 
PA4 XMTR Clock— S/R Mode (CMOS) 


4TcYc 


500 
1000 

500 
1000 


4 Tcvc 


500 
1000 

500 
1000 



NOTE 1 : Maximum Load Capacitance: 50pF Passive Pull-Up Required 
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E.5.1 I/O, Edge Detect, Counter, and Serial I/O Timing 



<t>2 

PA0-PA7 
PB0-PB7 
PC0-PC7 
PD0-PD7 
PF0-PF7 
PG0-PG7 



EDGE DETECTS 
(PA0-PA3) 



CNTR 
PA4, PAS 



CNTR 
(PA4, PA5) 



J 



X 



T 



1.5V 



-4* 

1.5V ^ 

■1_ 



TPDSU 



X 






1.5V 



X 



TPHR 



TEPW 



.< 



1.5V-^ 



TCPW 



1.5V 



TCPW 



~\ 
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R65/1TEB AND R65/11EAB 
BACKPACK EMULATDRS 



INTRODUCTION 

The Rockwell R65/11EB and R65/11EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/1 1 one-chip microcomputer. Like the R6500/1 1 , the 
backpack device is totally upward/downward compatible with all 
members of the R6500/11 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, re-programmed, then reinserted 
as often as desired. 

The backpack devices have the same pinouts as the masked- 
ROM R6500/1 1 microcomputer. These 40 pins are functionally 
and operationally identical to the pins on the R6500/11. The 
R6500/1 1 Microcomputer Product Description (Rockwell Docu- 
ment No. 29651 N23, Order No. 2119) includes a description of 
the interface signals and their functions. Whereas the masked- 
ROM R6500/11 provides 3K bytes of read-only memory, the 
R65/11EB will address 4K bytes of external program memory. 
This extra memory accommodates program patches, test pro- 
grams or optional programs during breadboard and prototype 
development states. 

ORDERING INFORMATION 

Backpack Emulator 



Part 


Memory 


Compatible 


Temperature 


Number 


Capacity 


Memories 


Range and Speed 


R65/11EB 


4K X 8 


2732 


0°Cto70°C 
1MHz 


R65/11EAB 


4K X 8 


2732A 


0°C to 70°C 
2 MHz 


Support Products 


Part 




Number 


Description 


S65-101 


SYSTEM 65 Microcomputer 




Development System 


M65-040 


PROM Programmer Module 


M65-131 


1-MHz R6500/11 Personality Module 


M65-132 


2-MHz R6500/11 Personality Module 


RDC-1001 


Rockwell Design Center 


RDC-t01 


1 MHz R6500/11P Personality Module (RDC) 


RDC-102 


2 MHz R6500/11AP Personality Module (RDC) 



FEATURES 

• PROM version of the R6500/11 

• Completely pin compatible with R6500/11 single-chip micro- 
computers 

• Profile approaches 40-pin DIP of R6500/11 

• Accepts 5 volt, 24-pin industry-standard EPROMs 
—4K memories— 2732, 2732A (4K bytes addressable) 

• Use as prototyping tool or for low volume production 

• 4K bytes of memory capacity 

• 192 X 8 static RAM 

• Separate power pin for 32 bytes of RAM 

• Software compatibility with the R6500 family 

• 32 bi-directional TTL compatible I/O lines (4 ports) 

• Two 16 bit programmable counter/ latches with six modes 
(interval timer, pulse generator, event counter, pulse width 
measurement, asymmetrical pulse generator, and retrigger- 
able interval timer) 

• 1 interrupts (reset, non-maskable, four external edge sen- 
sitive, 2 counters, serial data received, serial data transmitted). 

• Crystal or external time base 

• Single +5V power supply 




R65/11EB Backpack Emulator 



Document No. 29001 D1 3 
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CONFIGURATIONS 

The Backpack Emulator is available in two different versions, 
to accommodate 1 MHz and 2 MHz speeds. Both versions 
provide 192 bytes of RAM and I/O, as well as 24 signals to 
support the external memory "backpack" socket. 

The emulator will relocate the EPROM address space to 
FXXX (see Memory Map). EPROM addresses FFA through 
FFF must contain the interrupt vectors. 

EXTERNAL FREQUENCY REFERENCE 

The external frequency reference may be a crystal or a 
clock— the RC option of the R6500/1 1 is not available in the 
emulator device. The R65/11EB and R65/11EAB divide the 
input clock by two regardless of the source. 

I/O PORT PULLUPS 

The devices have internal I/O port pullup resistors on ports 
A, B, & C. Port D has push-pull drivers. 



PROPUCT SUPPORT 

The Backpack Emulator is just one of the products that Rock- 
well offers to facilitate system and program development 
fortheR6500/11. 

The SYSTEM 65 Microcomputer Development System with 
R6500/11 Personality Module supports both hardware and 
software development. Complete in-circuit user emulation 
with the R6500/11 Personality Module allows total system 
test and evaluatbn. With the optional PROM Programmer, 
SYSTEM 65 can also be used to program EPROMs for the 
development activity. When PROM programs have been fin- 
alized, the PROM device can be sent to Rockwell for masking 
info the 3K ROM of the R6500/1 1 . 

In addition to support products, Rockwell offers regularly- 
scheduled designer courses at regional centers. 




PROM/ 
ROM 



VCC, VSS 



_D0-D7 
8 



C> 



A0-A11 



12 



OE 



CE 



CLOCK 
OSCILLATOR 



EDGE 
DETECT 



INTERRUPT 
LOGIC 



PORTA 



CPU 
(6502) 



PORTB 



64X8 
RAM 



PORT C 



PORTD 



CONTROL 
REGISTER 



COUNTER/ 
LATCH 



XTLI 



XTLO 



RES 



NMI 



VCC.VRR, VSS 



PA0-PA7 
PB0-PB7 
PC0-PC7 



PD0-PD7 



— ►Ife 



24 PROM/ROM 
PINS 



40R6500/11 
COMPATIBLE PINS 



R65/1 1 EB Interface Diagram 



3-183 



R65/11EB«R65/11EAB 



Backpack Emulators 



XTLO 
XTLI 
t2 
PCO 
PCI 
PC2 
PC3 
PC4 
PCS 
PC6 
PC7 
PD7 
PD6 
PD5 
PD4 
PD3 
PD2 
PD1 
PDO 
RES 



c 


•1 


A7C 


•is 


24s DVcc 


40 


3 


Vss 


r: 


2 


ASc 


2s 


23s DA8 


39 


D 


Vrr 


c 


3 


A5C 


3s 


22s 


3A9 


38 


D 


PBO 


c 


4 


A4C 


4s 


21s DA11 


37 


D 


PB1 


c 


5 


A3C 


5s 


20s DOE 


36 


Z\ 


PB2 


c 


6 
7 


A2i: 
A1 C 


6s 
7s 


19s DA10 
18s DCE 


35 
34 


3 


PB3 
PB4 


c 


8 


AO n 


8s 


17s 1D7 


33 


n 


PB5 


c 


9 


DO n 


9s 


16s 106 


32 


1 


PB6 


r 


10 


D1 c 


10s 


15s DOS 


31 


1 


PB7 


r 


11 


D2C 


lis 


14s 3 04 


30 


3 


PAO 


c 


12 


Vssc 


12s 


13s 3 03 


29 


3 


PA1 
PA2 


r 


13 






28 


"1 


c 


14 


24-PIN SOCKET 


27 


n 


PA3 


c 


15 






26 


3 


PA4 


c 


16 






25 


3 


PAS 


q 


17 






24 


3 


PA6 


c 


18 






23 


3 


PA7 


c 


19 






22 


3 


NMI 


c 


20 






21 


3 


Vcc 



Pin Configuration 



BACKPACK MEMORY SIGNAL 
DESCRIPTION 



Signal 






Name 


Pin No. 


Oescriptlon 


D0-D7 


9S-11S, 


Data Bus Lines. All instruction and data 




13S-17S 


transfers take place on the data bus lines. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin is connected to an input and an output 
buffer, with the output buffer remaining in 
the floating condition. 


A0-A7 


1S-8S, 


Address Bus Lines. The address bus lines 


AS, A9 


238, 248 


are buiffered by push/pull type drivers that 


A10 


198 


can drive one standard TTL load. 


All 


218 




CE 


IBS 


Chip Enable. CE is active when the address 
is 8000-FFFF. This line can drive one TTL 
load. 


OE 


208 


Memory Enable Line. This signal provides 
the output enable for the memory to place 
information on the data bus lines. This 
signal is driven by an inverted R/W signal 
from the CPU. It can drive 1 TTL load. 


Vcc 


248 


Main Power Supply +5V. This pin is tied 
directly to pin 21 (Vcc). 


Vss 


128 


Signal and Power Ground (zero volts). This 
pin is tied directly to pin 40 (Vss). 



I/O AND INTERNAL REGISTER ADDRESSES 



Address 
(Hex) 


Read 


Write 


001 F 
IE 
ID 
1C 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Upper Latch B, Cntr B-^Latch B, CLR Flag 
Upper Latch B, Latch C^Latch B 
Lower Latch B 


IB 
1A 
19 
18 


Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Upper Latch A, Cntr A^Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


17 
16 
15 
14 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Serial Transmitter Data Register 
Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Mode Control Register 


13 

12 

11 

0010 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Interrupt Enable Register 

Clear Int Flag (Bits 0-3 only, Write O's only) 


04 thru OF 


— — 





03 

02 

01 

0000 


PortD 
Port C 
Ports 
Port A 


PortD 
Port C 
PortB 
Port A 
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READ TIMING CHARACTERISTICS 



Signal 


Symbor 


1 MHz 


2 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


OE and GE setup time from CPU 


Toes 


— 


225 


_ 


140 


ns 


Address setup time from CPU 


Tads 


— 


225 


— 


140 


ns 


Memory read access time 


Tacc 


— 


700 


— 


315 


ns 


Data set up time 


Tdsu 


50 


— 


35 


— 


ns 


Data liold time— Read 


Thr 


10 


— 


10 


— 


ns 


Address hold time 


Tha 


30 


— 


30 


— 


ns 


OE and CE liold time 


Thoe 


30 


.-. 


30 


— 


ns 


Cycle Time 


TcYC 


1.0 


10.0 


0.5 


10.0 


AtS 



READ TIMING WAVEFORMS 


T... 








0.4V 




0.4V 


02* V 
0.4V^ 


/ \ 


Toes 


0.8V 


Thoe"* 
0.8V- 


.^ 


OE 


■^ 






Tha * 




^ 


ADDRESS FROM 

^Dll 


^ 


2.0V 
0.8V 


2.0V- 
0.8V. 




DATA FROM 


T*os 


— 


2.0V 




- 2.0V 


MEMORY 




L 


0.8V 

^cc '****' "^ 
Tosu 


L.8V 

I— T„„ 



abbreviated mode 
memory map 



MULTIPLEXED MODE 
MEMORY MAP 



FFFE 


IRQ VECTOR 






FFFC 


RES VECTOR 




FFFA 


NMI VECTOR 




F400 


ROM (3K) 




FOOO 


EXTENDED ROM (IK)* 






RESERVED 






001 F 




/ 

/ 


INTERNAL 
REGISTERS 






PERIPHERAL DEVICES 

(64) 

ABBR ADDR MODE 


0010 


+ „„.. 


RESERVED 


OOOF 


OOFF 


INTERNAL RAM (192) 


0007 


0040 


I/O PORTS E, F, G 
(R6500/12Q ONLY) 


0006 




RESERVED 


0004 


001 F 


I/O PORTS A, B, C, D 


0003 


0000 


I/O & REGISTERS 


0000 



_i_ 



FFFE 


IRQ VECTOR 




FFFC 


RES VECTOR 




FFFA 


NMI VECTOR 




F400 


ROM (3K) 




FOOO 


EXTENDED ROM (IK)* 






RESERVED 






EXTERNAL MEMORY 

(16384-256) 

MUXD ADDR MODE 




0040 


INTERNAL RAM (192) 


/ 


001 F 


RESERVED 




0000 


I/O & REGISTERS 





'NOT AVAILABLE FOR MASKED ROM R6500/11. 



INTERNAL 
REGISTERS 



I/O PORTS E, F, G 
(R6500/12Q ONLY) 



I/O PORTS A, B, C, D 



0010 
OOOF 
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ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 ± 5%, Vss = 0, Ta = 25<'C) 



Characteristic 


Symbol 


IVIin 


Typ 


Max 


Unit 


Input High Threshold Voltage 
D0-D7 


V,HT 


Vss + 2.0 








Vdc 


Input Low Threshold Voltage 
D0-D7 


V.LT 








Vss + 0.8 


Vdc 


Three-State (Off State) Input Current 

(V = 0.4 to 2.4V, Vcc = 5.25V) 
D0-D7 


Itsi 






±10 


A.A 


Output High Voltage 

(lLOAD=100/i Ado, Vcc = 4.75V) 
D0-D7, A0-A11,OE, CE 


VOH 


Vss + 2.4 






Vdc 


Output Low Voltage 

(Iload = 1.6 mAdc. Vcc = 4.75V) 
D0-D7, A0-A11,OE, CE 


Vol 






Vss + 0.4 


Vdc 


Power Dissipation (less EPROM) 


Pd 


— 


0.80 


1.20 


W 


Capacitance 

(Vin = 0. Ta = 25°C, f = 1 MHz) 
D0-D7 (High Impedance State) 
Input Capacitance 


C 

Cout 


- 


- 


10 
10 


PF 


I/O Port Pull-up Resistance 


Rl 


3.0 


6.0 


11.5 


kohm 



pfi^cf]"' □ □ □ a ncrJ'Tj o n □ dkjzxj 
I I I I I 



IDENTIFICATION 



0.010 

- *.002 

TYP 



ICj LJ 'U LJ U □ rj □ LJ U L_J 



yf" 



I-' O.OSO = .020 




40-Pin Backpack Package 
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R6500/13 # R6511Q 

R6500 Microcomputer System 




R6500/13 and R6511Q 

ONE-CHIP MICROCOMPUTER 

and ONE-CHIP MICROPROCESSOR 



SECTION 1 
INTRODUCTION 



1.1 FEATURES 



Enhanced 6502 CPU 

— Four new bit manipulation instructions 

• Set Memory Bit (SMB) 

• Reset IVlemory Bit (RIVIB) 

• Branch on Bit Set (BBS) 

• Branch on Bit Reset (BBR) 

— Decimal and binary arithmetic modes 

—13 addressing modes 

— True indexing 

256-byte mask-programmable ROM or no ROM* 

192-byte static RAM 

32 bidirectional, TTL-compatible I/O tines (four ports) 

One 8-bit port may be tri-stated under software control 

One 8-bit port may have latched inputs under software 

control 

Two 16-bit programmable counter/timers, with latches 

—Pulse width measurement 

—Asymmetrical pulse generation 

— Pulse generation 

— Interval timer 

— Event counter 

— Retriggerable interval timer 

Serial port 

— Full-duplex asynchronous operation mode 

^Selectable 5- to 8-bit characters 

— Wake-up feature 

— Synchronous shift register mode 

— Standard programmable bit rates programmable 

up to 62.5K bits/sec @ 1 MHz 
Ten interrupts 

—Four edge-sensitive lines; two positive, two negative 
—Reset 

— Non-maskable 
— Two counter underflows 
—Serial data received 
— Serial data transmitted 
Bus expandable to 64K bytes of external memory 
*R6511QhasnoROM. 




Flexible clock circuitry 

—2-MHz or 1-MHz interna! operation 

^Internal clock with external XTAL at two or four times 

internal frequency 
—External clock input divided by one, two or four 
1^is minimum instruction execution time @ 2 MHz 
NMOS-3 silicon gate, depletion load technology 
Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
64-pin QUIP 



NOTE 

This document uses the term R6500/13 to describe 
both parts. See section 1 .3 for a description of the op- 
tions available when using the R6500/13 and the fixed 
features of the R6511Q. 



1.2 SUMMARY 

The Rockwell R6500/13 is a complete, high-performance 
8-bit NMOS-3 microcomputer on a single chip and is com- 
patible with all members of the R6500 family. 

The R6500/13 consists of ^n enhanced 6502 CPU, an in- 
ternal clock oscillator, an optional 256 bytes of Read-Only 
Memory, 192 bytes of Random Access Memory (RAM) and 
versatile interface circuitry. The interface circuitry includes 
two 16-bit programmat>le timer/counters, 32 bidirectional in- 
put/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial I/O channel, 
ten interrupts and bus expandability. 

The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power, these features make the R6500/13 a 
leading candidate for microcomputer applications. 

The R651 1 Q contains all the features of the R6500/1 3 except 
it has no ROM and is thus intended as a high feature micro- 
processor with full 65K address bus. 
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To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. 
This device, the R6511Q, provides all R65G0/11 interface 
lines, plus the address bus, data bus and control lines to in- 
terface with external memory. The R651 1Q also can be used 
to emulate the R6500/13. With the addition of external cir- 
cuits it can also emulate the R6500/12. 

Rockwell supports development of the R6500/13 with the 
System 65 Microcomputer Development System and the 
R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and evaluation. 

This product description assumes that the reader is familiar 
with the R6502 CPU hardware and programming capabili- 
ties. A detailed description of the R6502 CPU hardware is 
included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 
ument Number 29650N30). 



1,3 CUSTOMER OPTIONS 

The R6500/13 microcomputer Is available with the following 
customer specified mask options. 

• Option 1 Crystal or RC oscillator 

• Option 2 Clock divide by 2 or 4 

• Option 3 Clock MASTER Mode or SLAVE Mode 

• Option 4 with or without a 256 byte ROM 

• Option 5 Reset Vector at FFFC or 7FFF 

• Option 6 Port A with or without internal pull-up resistors 

• Option 7 Port B with or without internal pull-up resistors 

• Option 8 Port C with or without internal pull-up resistors 

All options should be specified on an R6500/13 order form. 

The R651 10 has no customer specified mask options. It has 
the following characteristics. 

• Crystal Oscillator 

• Clock Divide by 2 

• Clock MASTER Mode 

• Without ROM 

• Reset Vector at FFFC 

• No internal pull-up resistors or any Port (PA, PB, or PC) 
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Figure 2-1. Mechanical Outline & Pin Out Configuration 
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SECTION 2 
R6511Q AND R6500/13 INTERFACE REQUIREMENTS 



This section describes the interface requirements for the 
R6511Q and R6500/13. Figure 2-1 and 2-2 show the Inter- 
face Diagram and the pin out configuration for both devices. 
Table 2-1 describes the function of each pin. Figure 3-1 has 
a detailed block diagram of the R6500/13 ports which illus- 
trates the internal function of the device. 



Table 2-1. R6500/13 Pin Descriptions 














OC> PA0-PA7 (PAO, PA1, 
PA2, PA3: 
EDGE DETECTS) 

O^O PB0-PB7 (LATCHED INPUTS) 
















CLOCK 
OSCILLATOR 




EDGE DETECT 




Vrr ^ 

Hig ^ 

f<Mt >■ 










INTERRUPT 
LOGIC 




PORT A 


Vcc -f- 












CPU 




PORTS 




i2^*^ — 
dbo-dbtOO 

A0-A12. AI5O14C 


(data'strobe)* 

0*0 PC0-PC7y(A13, A14 
(Full address mode)* 

00 PD0-PD7/ 

(DATA/ADDR bus (A4.A11)) 

* m CB(PA5)- 
p.S0(PA6)- 














192 '" 8 
RAM 




PORT C 
















BUS CONTROL 




PORTD 














■ 




CONTROL 
REGISTERS 




16 BIT 

COUNTER/LATCH 
A 














IB BIT 

COUNTER/LATCH 
B 




SERIAL RECEIVE, 

TRANSMIT 

REGISTERS 






R6511Q 




R6500/1S 




-MULTIPLEXED FUN 







Figure 2-2. Interface Diagram 



Signal Naine 


Pin No. 


Description 


Vcc 


21 


Main power supply +5V 


Vrh 


43 


Separate power pin for RAM. 
In the event th^t Vcc Power 
is off, this power retains RAM 
data. 


Vss 


44 


Signal and power ground (OV) 


XTLI 


42 


Crystal or clock Input for in- 
ternal clock oscillator Also 
allows input of XI clock sig- 
nal if XTLO is connected to 
Vss, or X2 or X4 clock If XTLO 
is floated. 


XTLO 


41 


Crystal output from internal 
clock oscillator. 


RES 


6 


The Reset input is used to 
initialize the device. This sig- 
nal must not transition from 
low to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. 


^2 


45 


Clock signal output at inter- 






nal frequency. 


NMI 


23 


A negative going edge on the 
Non-Maskable interrupt sig- 
nal requests that a non- 
maskable interrupt be gen- 
erated with the CPU. 


PA0-PA7 


39-32 


Four 8-bit ports used for 


PB0-PB7 


31-24 


either input/output. Each line 


PC0-PC7 


54-61 


of Ports A, B and C consists 


PD0-PD7 


62-64, 


of an active transistor to Vss 




1-5 


and an optional passive puH- 
up to Vcc. In the abbreviated 
or multiplexed modes of op- 
eration Port C has an active 
pull-up transistor. Port D 
functions as either an 8-bit 
Input or 8-bit output port. It 
has active pull-up and pull- 
down transistors. 


A0-A12, A15 


20-7 


Fourteen address lines used 
to address a complete 
65K external address space. 
Note: A13 & A14 are sourced 
through PC6 & PC7 when In 
the Full Address Mode. 


DB0-DB7 


53-46 


Eight bidirectional data bus 
lines used to transhnit data to 
and from external memory. 


SYNC 


22 


SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the GPU is per- 
forming an OP CODE fetch. 


R/W 


40 


Controls the direction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal is 
high when reading and low 
when writing. 
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SECTIONS 
SYSTEM ARCHITECTURE 



This section provides a functional description of the R6500/ 
13. Functionally the R6500/1 3 consists of a CPU, both RAM 
and optional ROM memories, four 8-bit parallel I/O ports, a 
serial I/O port, dual counter/latch circuits, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1. 



NOTE 

Throughout this document, unless specified othen^/ise, 
all memory or register address locations are specified 
in hexadecimal notation. 



3.1 CPU LOGIC 

The R6500/13 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulatbi" register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipul ation in response to either 
user instructi ons, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 



location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer Is decremented by 1 . Each time data are read (or 
"pulled") from the stack, the Stack Pointer Is incremented by 
1 . The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Arithmetic And Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 1 6-bit Program Counter provides the addresses that are 
used to step the processor through sequential Instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on th6 high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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Figure 3-1 . Detailed Block Diagram 
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3.1 .8 Interrupt Logic 

interr upt logic controls the sequencing of three interrupts; 
RES, NMl and IRQ. IRQ Is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 



3.2 NEW INSTRUCTIONS 

In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the R6500/ 
1 3. The added Instructions and their format are explained In 
the following paragraphs. Refer to Appendix A for the Op 
Code mnemonic addressing matrix for these added instruc- 
tions. The four added instructions do not impact the CPU 
processor status register. 

3.2.1 Set Memory Bit (SI\/IB m, Addr.) 

This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon. 

3.2.2 Reset IVlemory Bit (RI\/IB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 

This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 



3.3 READ-ONLY-MEMORY (ROM) 

The optional ROM consists of 256 bytes mask programmable 
memory with an address space from 7F00 to 7FFF. ROM 
locations FFFA to FFFF are assigned for interrupt vectors. 
The reset vector can be optionally at 7FFE or FFFC. 

The R6511Q has no ROM and its Reset vector is at FFFC. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R650d/13 provides a separate power pin (Vrr) which may be 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Vrr pin. If the RAM data retention is not required then Vrr 
must be connected to Vcc- During operation Vrr must be at 
the Vcc level. 

For the RAM to retain data upon l oss o f Vcc, Vrr must be 
supplied within operating range and RES must be driven low 
at leas t eigh t 02 clock pulses before Vcc f aUs out of operating 
range. RES must then be held low while Vcc 's out of oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during normal operation. When Vcc 'S out of operating range, 
Vrr must remain within the Vrr retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 



RAM OPERATING MODE RAM RETENTION MODE 




© 



(— ® — Ih-® —I k-TRL 

1 INITIAL APPLICATION OF Vcc AND Vrr. ® 

2 LOSS OF Vcc> RAM ON STANDBY POWER. 

3 REAPPLICATION OF Vcc- 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION 

5 >8 02 CLOCK PULSES. 



Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 

The R6511Q has been configured for a crystal oscillator, a 
divide by 2 countdown network, and for Master Mode 
Operation. 

Three customer selectable mask options are available for 
controlling the R6500/1 3 timing. The R6500/13 can be ordered 
with a crystal or RC oscillator, a divide by 2 or divide by 4 
countdown network and for c/oc/f master mode or clocl< 
slave mode operation. 

For 2MHz interval operation the divide-by-2 options must be 
specified. 

A reference frequency can be generated with the on-chip 
oscillator using either an external crystal or an external resistor 
depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figures 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. 

Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 



^ 1 




XTLI f,NT = 1 MHz 




R = 2.4K i 


R6500/13 (USE r- 4) 


\ r 


XTLO fEXT = 4 MHz 
SNPUT 


A. RESISTOR 


1 "^ 

2-4 MHz 1 1 

L__^ 


^^Lo *EXT = 2Xor4XW 


B. CRYSTAL INPUT 


Vcc 


i 300fi 


2-4 MHz J^><>-i-C 

NCC 


XTLI 

R6500/13*-^^^""^ 
XTLO ^^^ " ^^ **' ^^ *"'^ 


VcF 


^ 300 n 


1-2MHZ "^>0-i-C 


XTLI 

f,NT = 1 or 2 MHz 
R6500/13 


1 — c 


XTLO *^-T-f.NT 


Vs3^^ 


C. CLOCK INPUTS 



is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 

The operation escribed above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network, or external source) must be applied to the XTLI 
and XTLO pins. 

Note: 

When operating at a 1 MHz internal frequency place a 
15-22 pt capacitor between XTLO and GND. 

02 is a buffered output signal which closely approximates the 
internal timing. When a common external source Is used to 
drive multiple devices the internal timing between devices as 
well as their 02 outputs will be skewed In time. If skewing rep- 
resents a system problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 

One R6500/13 is operated in the CLOCK MASTER MODE 
and a second in the CLOCK SLAVE MODE. Mask options 
in the SLAVE unit convert to 02 signal into a clock input pin 
which is tightly coupled to the internal timing generator. As 
a result the internal timing of the MASTER and SLAVE units 
are synchronized with minimum skew. If the 02 signal to the 
SLAVE unit is inverted, the MASTER and SLAVE UNITS 
WILL OPERATE OUT OF PHASE. This approach allows the 
two devices to share external memory using cycle stealing 
techniques. 




02 (OUTPUT CLOCK) 




INVERTER USED 
i WHEN SLAVE IS 
TO OPERATE 
OUT OF PHASE 
WITH MASTER 



(INPUT CLOCK) 



Figure 3-4. Master/Slave Connections 



Figure 3-3. Clock Oscillator input Options 
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3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configUraition of the R6500/13 in any application. Ini- 
tializing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 
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Port B Latch 








(1 = Enabled) 








.PortDTo-i-State 






(0= Tri State High Impedance Mode) 


M1 Normal 


1 Abbr. Bus 


1 1 Mu)fd. Bus 



Figure 3-5. Mode Control Register 

The use of Counter A Mode Select is shown in Section 6.1 . 

The use of Counter B Mode Select is shown in Section 6.2. 

The use of Port B Latch Enable is shown in Section 4.4. 

The use of Port D in Tri-State Enable is shown in Section 
4.6. 

The use of Bus Mode Select is shown in Section 4.5 and 4.6. 



3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the I nterrupt Enable f^egister (lER). Multiple 
simultaneous interrupts cause the IRQ Interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) instruction read^ FF, modifies bit 
X to a "0", and writes the modified value at address location 

001 1. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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Figure 3-6. Interrupt Enable and Flag Registers 



Table 3-1 . Interrupt Flag Register Bit Codes 



Bit 
Code 


Function 


IFRO: 


PAO Positive Edge Detect Flag— Set to a "1 " when a positive going edge is detected on PAO. 
Cleared by RMB (0010) Instruction or by RES. 


IFR1: 


PA1 Positive Edge Detect Flag— Set to a 1 when a positive going edge is detected on PA1. 
Cleared by RMB 1 (0010) instruction or by RES. 


IFR 2: 


PA2 Negative Edge Detect Flag— Set to a 1 when a negative going edge Is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


IFR 3: 


PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) instruction or by RES. 


IFR 4: 


Counter A Underflow Flag— Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 


IFR 5: 


Counter B Underflow Flag— Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter Bat location 001 C, by writing to address location 001 E. or by RES. 


IFR 6: 


Receiver Intermpt Flag— Set to a 1 when any of the Serial Communication Status Register bits 
through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. 


IFR 7: 


Transmitter Interrupt Flag— Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a or SCSR 
7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, sliown in Figure 3-7, 
contains seven status flags. Some of tiiese flags are 
controlled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction set 
contains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight pro- 
cessor status flags is described in the following sections. 



3.8.1 Carry Bit (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic if no carry 
occurred as the result of arithmetic operations. 



zero. This bit is cleared to logic when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, GPX, CPY, DEC, DEX, DEY, EGR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of a n int errupt request (IRQ). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1 , the 
IRQ signal will be ignored. The CPU will set the interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 



The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 

3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 



The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 



NOTES __ 

(?) Not initialized by RES 

(2) Set to Logic 1 by RlS 



- CARRY (C) 

1 := Carry Set 
= Carry Clear 

. ZERO(Z)0 



1 = Zero Result 

= Non-Zero Result 

- INTERRUPT PISABLE (l)(?) 

1 = IRQ Interrupt Disabled 
= IRQ Interrupt Enabled 



- DECIMAL MODE 



(D)© 



1 = Decimal Mode 

= Binary Mode 

- BREAK COMMAND (B)(T) 

1 _ Brealf Command 

^ Non Break Command 

• OVERFLOW (O)® 

1 = Overflow Set 

= Overflow Clear 

- NEGATIVE (N) 

1 = Negative Value 
0= Postive Value 



Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decimal Mode Bit. 



CAUTION 

The Decimal Mode, Bit will either set or clear In an 
unpredictable manner upon power application. This bit 
nriust be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 



3.8.5 Break Bit (B) 

The Break Bit ( B) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU execut ed a B RK 
command, the Break Bit will be set to logic 1 . If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n ^ 127). 



This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction— which may be used to sample interface 
devices^allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the 
overflow has nothing to do with signed arithmetic, but is just 
another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV. PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) Is used to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data rriovement or arithrpetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR. ORA, PLA. PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 

PARALLEL INPUT/OUTPUT PORTS 

& BUS MODES 



The devices have 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port P may be used as all inputs or all outputs. 

Multifunction l/O's such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 

Internal pull-up resistors (FBI's with an impedance range of 
3K =e Rl « 12K ohm) are provided on all port pins except 
Port D. A mask option to delete the internal pull-ups in 8-bit 
port groups is available. 

The direction of the 32 I/O lines are contrblled by four 8-bit 
port registers located in page zero. This arrangement pro- 
vides quick programming access using simple two-byte zero 
page address instructions. There are no direction registers 
associated with the I/O ports, thus simplifying I/O handling. 
The I/O addresses are shown in Table 4-1. Appendix E.6 
shows the I/O Port Timing. 



Table 4-1 . I/O Port Addresses 



Port 


Address 


A 
B 
C 
D 


0000 
0001 
0002 
0003 



4.1 INPUTS 

Inputs for Ports A, B, and C are enabled by loading logic 1 
into all I/O port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
to be read when a read instruction is issued to the port 
regi ster. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 



Port D may only be all inputs or all outputs. All inputs Is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data wt-itten into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB; ROL, ROR, and 6mB. 



4,2 OUTPUTS 

Outputs for Ports A thru D are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic will force a low (<0.4V) output. 

Port D all outputs is selected by setting MCR5 to a "1". 



4.3 Port A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the ^2 clock rate. Edge detection timing is shown In Ap- 
pendix E.5. 
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Table 4-2. Port A Control & Usage 




PAO (2) 
PIN 39 


PAO I/O 


PORT B LATCH MODE 




MCR4 = 


MCR4 = 1 




SIGNAL 


SIGNAL 




NAME 


TYPE 


NAME 


TYPE 




PAO 


I/O 


PORTS 
UTCH STROBE 


INPUT (1) 


' 








PA1 (2) 
PIN 38 

PA2(3) 
PIN 37 

PA3(3) 
PIN 36 


PA1-PA3I/0 




SIGNAL 




NAME 


TYPE 




PA1 
PA2 
PA3 


I/O 
I/O 
I/O 








PA4 
PIN 35 


PA4I/0 


COUNTER A I/O 


MCRO = 
MCR1 =0 
SCCR7 = 
RCVR S/R MODE = 
(4) (5) 


MCRO = 1 
MCR1 =0 
SCCR7 = 
RCVR S/R MODE = 
(4) 


SCCR7 = 
SCCR6 = 
MCR1 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME • 


TYPE 


PA4 


I/O 


CNTA 


OUTPUT 


CNTA 


INPUT (1) 


SERIAL I/O SHIFT REGISTER CLOCK 


SCCR7= 1 
SCCR5 =1 


RCVR S/R MODE = 1 
(4) 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


XMTR CLOCK 


OUTPUT 


RCVR CLOCK 


INPUT (1) 




PAS 
PIN 34 


PAS I/O 


COUNTER B I/O 


MCR3 = 
MCR2 = 


MCR3 = 
MCR2 = 1 


MCR3 = 1 
MCR2 = X 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA5 • 


I/O 


CNTB 


OUTPUT 


CNTB 


INPUT (1) 




(1) Hardware Buffer Float 

(2) Posltiva Edge Detect 

(3) Negative Edge Detect 

(4) RCVR S/R Mode = 1 when SCCR6 
. SCCR5 . SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an input 
only pin: 
SCCR7*SCCR6*SCCR5»MCR1 

+ SCCR7»SCCR6*7SCCR4«MCR1 
+ SCCR7»SCCR6»SCCR5 
+ SCCR7»SCCR5C*SCCR4. 


PA6 
PIN 33 


PA6I/0 


SERIAL I/O 
XMTR OUTPUT 


SCCR7 = 


SCCR7 = 1 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


PA6 


I/O 


XMTR 


OUTPUT 




PA7 
PIN 32 


PA7 I/O 


SERIAL I/O 
RCVR INPUT 


SCCR6 = 


SCCR6 = 1 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


PA7 


I/O 


RCVR 


INPUT (1) 
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4,4 PORTB(PB) 

Port B can be programmed as an 8-bit, bit-independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix E.5. 



bit 5 of the MCR to 1 (one). Table 4-5 shows the necessary 
settings for the MCR to achieve the various modes for Port 
D. When Port D is selected to operate in the Abbreviated 
Mode PD0-PD7 sen/es as data register bits D0-D7. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
through A11, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated and Multiplexed memory as- 
signments. See Appendices E.3 through E.5 for Port D timing. 





Table 4-3. Port B Control & Usage 










Latch 






I/O Mode 


Mode 




MCR4 = 1 






MCR4 = 


(2) 


Pin 


Pin 


Signal 


Signal 




Type 






# 


Name 


Name 


(1) 


Name 


Type 


31 


PBO 


PBO 


I/O 


PBO 


INPUT 


30 


PB1 


PB1 


I/O 


PB1 


INPUT 


29 


PB2 


PB2 


I/O 


PB2 


INPUT 


28 


PB3 


PBS 


I/O 


PB3 


INPUT 


27 


PB4 


PB4 


I/O 


PB4 


INPUT 


26 


PB5 


PB5 


I/O 


PB5 


INPUT 


25 


PB6 


PB6 


I/O 


PB6 


INPUT 


24 


PB7 


PB7 


I/O 


PB7 


INPUT 


(1) Re 


sistlve Pull- 


Up, Active Buffer Pull-C 


)own 


(2) Inp 


)ut data is s 


tored in Port B latch b^ 


^ PAO Pulse 



4.5 PORT C (PC) 

Port C can be programmed as an I/O port, as part of the full 
address bus, and, irt conjunction with Port D, as an abbre- 
viated bus, or as a multiplexed bus. When operating in the 
Full Address Mode PC6 and PC7 serve as A13 and A14 with 
PC0-PC5 operating as normal I/O pins. When used in the 
abbreviated or multiplexed b us mo des, PC0-PC7 function as 
A0-A3, A1 2, R/W , A13, and EMS, respectively, as shown in 
Table 4-4. EMS (External Memory Select) is asserted (low) 
whenever the internal processor accesses memory area 
between 0100 and 3 FFF. (See Memory Map, Appendix B). 
The leading edge of EMS may be used to strobe the eight 
address lines multiplexed on Port D in the Multiplexed Bus 
Mode. See Appendices E.3 through E.5 for Port timing. 

4.6 PORT D (PD) 

Port D can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 



4.7 BUS MODES 

A special attribute of Port C and Port D is their capability to 
be configured via the Mode Control Register (see Section 
3.6) into four different modes. 

In the Full Address Mode, the separate address and data bus 
are used in conjunction with PC6 and PC7, which automat- 
ically provide A13 and A14. The remaining ports perform the 
normal I/O function. 

In the I/O Bus Mode all ports serve as I/O. The address and 
data bus are still functional but without A13 and A14. Since 
the internal RAM and registers are in the OOXX location, A15 
can be used for chip select and A0-A12 used for selecting 
8K of external memory. Thus, the device can be used to 
emulate the R6500/1 1 in the Normal Bus Mode. 

In the Abbreviated Bus Mode, the address and data lines can 
be used as in the I/O Bus Mode to emulate the R6500/1 1 . 
Port C and Port D are automatically transformed into an 
abbreviated address bus and control signals (Port C) and a 
bidirectional data bus (Port D). 64 Peripheral addresses can 
be selected. In general usage, these 64 addresses would be 
distributed to several external I/O devices such as R6522 
and R6520, etc., each of which may contain more than one 
unique address. 

In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviatecl Mode except that a full 16K of external addresses 
are provided. Port C provides the lower addresses and con- 
trol signals. Port D multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 16K; during the second half of the cycle it contains 
a bidirectional data bus. The address bits appearing on Port 
D must be latc hed in to an external holding register. The 
leading edge of EMS, which indicates that the bus function 
is active, may be used for this purpose. 

Figures 4-1 a thru 4-1 d show the possible configurations of the 
four bus modes. Figure 4-2 shows a memory map of the port 
as a function of the Bus Mode and further shows which 
addresses are active or inactive on each of the three possible 
buses. 
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Table 4-4. Port C Control & Usage 





■■■ ■ 
Full Address 






Abbreviated 


Multiplexed 




Mode 


I/O Mode 


Mode 


Mode 


MCR7 = 


MGR7 


:r 


MCR7 = 1 


MCR7 s 1 




MCR6 = 


MCR6 


= 1 


MCR6 = 


MCR6 ^ 1 


Pin 


Pin 


Signal 


Signal 


Signal 


Signal 








Type 




Type 




Type 


# 


Name 


Name 


Type 


Name 


(1) 


Name 


(2) 


Name 


(2) 


54 


PCO 


PCO 


I/O (1) 


PCO 


I/O 


AO 


OUTPUT 


AO 


OUTPUT 


55 


PC1 


PC1 


I/O (1) 


PCI 


I/O 


A1 


OUTPUT 


A1 


OUTPUT 


56 


PC2 


PC2 


1/0(1) 


PC2 


I/O 


A2 


OUTPUT 


A2 


OUTPUT 


57 


PC3 


PC3 


I/O (1) 


PCS 


I/O 


A3 


OUTPUT 


A3 


OUTPUT 


58 


PC4 


PC4 


1/0(1) 


PC4 


I/O 


A12 


OUTPUT 


A12 


OUTPUT 


59 


PC5 


PC5 


l/0(1) 


PCS 


I/O 


RW 


OUTPUT 


RW 


OUTPUT 


60 


PC6 


A13 


OUTPUT (2) 


PC6 


I/O 


A13 


OUTPUT 


A13 


OUTPUT 


61 


PC7 


A14 


OUTPUT (2) 


PC7 


I/O 


EMS 


OUTPUT 


EMS 


OUTPUT 


(1) Resistive Pull-Up 


Active Buffer PuH-Down 










(2) Active Buffer Pul 


-Up and Pull-Down 












Table 4-5. Port D Control & Usage 







I/O Modes 


Abbreviated 
Mode 


Multipiexed Mode 




MCR7 = 
MCR6 = X 
MORS = 


MCR7 = 
MCR6 = X 
MCR5 = 1 


MCR7 = 1 
MCR6 = 
MCR5 = 1 


MCR7 = 1 
MCR6 = 1 
MORS = 1 


Pin 

# 


Pin 
Name 


Signal 


Signal 


Signal 


Signal 


Signal 


Name 


Type 
(1) 


Name 


Type 
(2) 


Name 


Type 
(3) 


02 Low 


02 High 


Name 


Type (2) 


Name 


Type (3) 


62 
63 
64 
1 
2 
3 
4 
5 


PDO 
PD1 
PD2 
PD3 
PD4 
PD5 
PD6 
PD7 


PDO 
PD1 
PD2 
PD3 
PD4 
PD5 
PD6 
PD7 


INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 


PDO 
PD1 
PD2 
PD3 
PD4 
PD5 
PD6 
PD7 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


DATAO 
DATA1 
DATA2 
DATA3 
DATA4 
DATA5 
DATA6 
DATA7 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


DATAO 
DATA1 
DATA2 
DATA3 
DATA4 
DATA5 
DATA6 
DATA7 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


(1) Tri-State Buffer is in High Impedance Mode 

(2) Tri-State Buffer is in Active Mode 

(3) Tri-State Buffer is in Active Mode only during the phase 2 portion of a Write Cycle 
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R6511QORReS00/13 


y \. 








^ 8-BITS ^, PORTA 






* 






cc 


* 




v„ 


■ 


( 8.BIT9 ^ "ORTB 







* 






B6S 










^ 6-BrTS y PORTC 






yl,.. >, 






^ 8-BITS ^ PORTD 






A13(PC6) ^ 






UP TO 64K 
OF EXTERNAL 
I/O OH MEMORY 
[ACTIVE FROM 1 

L«010O-FFFF J 

/vectors AT \ 
I FFRA-FFFF J 




A14(PC7) ^ 




^2 ^ 




H/W ^ 




SYNC ^ 




DATA BUS ,. 




ADDRESS BUS ^^ 




A^A12,A15 ^ 







A. FULL ADDRESS MODE 






c 



R65110 OR R6500/13 



DATA BUS (P00-PD7) 



A;^A3, A12, A13 (PC0-4, 6) 



UP TO 64 BYTES OF 
EXTERNAL 

OR MEMORY 



"N, EXTI 

/ 1/6 c 

"I; roioo-oioF.l 

Nv 10OO-100F, 

y 200O-200F, 

yf L3O0O-300fJ 



c 



UP TO 32K 
OF EXTERNAL 
I/O OR MEMORY 
ACTIVE FROM 

400O.BFFF 

/VECTORS AT \ 
\ BFFA-BFFF } 



C. ABBREVIATED BUS MODE 







R6511QORR6500/t3 


A K 




' 


C '■^"' > '"'"^* 




XTU 


* 


A K 














^ 8-BIT8 y PORTB 




NMi . 


* 






RF^ . 










^ S^BITS y PORTC 






^ 8-BIT8 ^ PORTD 
>2 






UPT016K-244 

OF EXTERNAL 

I/O OR MEMORY 
r ACTIVE FROM "1 

OWM^WOF. 

0100-1FFF 
L»8000-»FFF J 

(VECTORS AT 

9FFA-9FFF) 




nm ; 




SYNC 




^ DATA BUS ,, 




^, -» ,> 




Af A12, A1S y 







B. NORMAL BUS MODE 



^ B-BITS y 



PORTB 
R/W (PCS) 



PORT D (D)»-D7) 






UP TO 16K-256 
OF EXTERNAL 
I/O OR MEMORY 



c 



:> 



rooo4-oooF,] 

L40OO-BFFFJ 

/ VECTORS AT ) 
\ BFFA-BFFF I 



LATCH SUCH AS 74LS 373 



D. MULTIPLEXED BUS MODE 



Figure 4-1. Bus Mode Configurations 
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ABBREVIATED 
MODE 



MULTIPLEXED 
MODE 



FULL ADDRESS 
MODE 



FFFF 



BFFF 



7F00 
7EFF 



0003 



0000 














FFFF 
SOOO 








INTERNAL BOOT 
STRAP ROM 
(R6500/13 ONLY 


7FFF 
7F00 


1 






7EFF 
4000 




1 


EMS VALID 
(WHEN ABBR OR 
MUX MODE 
SELECTED) 


3FFF 
1FFF 

0100 






^M RAM AND 
^H INTERNAL 
^1 REGISTERS 


OOFF 
0010 




1 






OOOF 

0003 
0000 






^M I/O PORTS 



CO (0 CO 

10 OD flO 

IE -I -J 

m < < 

IB Z Z 

< DC CC 

ass 

i S s 



CO 

m 

< 



MEMORY 
AREA 



3 



CC QC 



m 



ACTIVE 



ACTIVE 

BUT REDUNDANT 

MAYBE 
ACTIVE 
(OPTION DEPENDENT) 



INACTIVE 



Figure 4-2. Memory Map 
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SECTION 5 
SERIAL INPUT/OUTPUT CHANNEL 



The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1 . The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate losing the Internal clock is 62.5K bits per 
second (at(<2 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and can be independently enabled or 
disabled. 



SCCR 7 



Addr 0015 



O'^'Odd Parity 
I^Even Parity 

Parity Disable 

1 Parity Enabie 
O'^SBits/Ctiar 

1^7 Bits/Char 

1 0*^ 6 Bits/Char 
1 1 ~ 5 Bits/Char 

XMTR & RCVR ASYN Mode 

1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 



RCVR Disable 

1 RCVR Enable 

XMTR Disable 

1 XMTR Enable 



Figure 5-1 . Serial Communication Control Register 

Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 

Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 

5-1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 





ASYNCHRONOUS MODE WITHOUT PARITY 


1 start! 


e-BITDATA 


1 ^s^o" 1 




1 start! 


7-BIT DATA 


1 »"°'' 1 




! ^ 1 

1 START 1 


8-BIT DATA 


! 2 STOP 1 






5-BIT DATA 


1 2.ST0P 1 





ASYNCHRONOUS MODE WITH PARITY 


! START ! 


''■B'^"'*^* Ipar.ty!st;p 1 




! START 1 


7.B.TDATA ^ | p.^,, | 2 STOP [ 




i.;,tI 


^BITDATA !p,;,,! 2 stop | 




1 START 1 


5-B,TDATA | „^,„ ! 2 STOP | 


SHIFT REGISTER MODE 8-BtT DATA 


1 1 WOROM j W0RDM-»-1 



SHIFT REGISTER CLOCK (PA4) 



Figure 5-2. SIO Data Modes 

In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 

The XMTR Interrupt Flag bit (IFR7) is, controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 



IFR7 = SCSR6 (SCSR5 + SCSR7) 

5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1 ." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each Incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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start Bit LSB 



J 1 — r 

Stop B<t Stop Bit 



*Sorial input Data Shifted in 



Figure 5-3. ASYN Receive Data Timing 

In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
Si input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



Input _JL 



T— ;; I II I 



I I ; : 



External 

Shift 

Clock 

Serial . 
Output . 

Shift 
Clock" 



* Serial Input Data Shifted In 

•* Serial Output Data Makes Transition 



I I I 



Figure 5-4. S/R Mode Timing 

A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSR 0: Receiver Data Register Full— Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 =^0. The SCSR 
bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a corre- 
sponding error bit will be set to a logic 1 . 

SCSR 1 : Over-Run Error — Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cle ared by reading the 
Receiver Data Register or by RES. 

SCSR 2: Parity Error— Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 



received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clear ed b y reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

SCSR 4: l/\/a/fe-(yp— Set to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission — Set to a logic 1 by writing 
a "1" in bit position 5 of address: 016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run— Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew d ata into the Transmitter Shift 
Register or by RES. 




SCSR 


7 


6 


5 


4 


3 


2 


1 





AddrOOie 


















["CVRData 
Reg Full 
- RCVR Over-Run 














- Parity Error 












- Frame Error 










-WakerUp 








- End of Transmission 






- XMTR Data Reg Empty 




^XMTR Under-Run 



Figure 5-5. SCSR Bit Allocations 

5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake- Up feature allocs 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake- Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the l-eceiver detects a string. of 
11 consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTIONS 
eOUNTER/TIMERS 



The device contains two 16-bit counters (Cbunter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 



Counter A 

Pulse width 
measurement 
Pulse Generation 
Interval Timer 
Event Counter 



Counter B 

Retriggerable Interval Counter 
Asymmetrical Pulse 
Generation 
Interval Timer 
Event Counter 



Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 



Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value— not FFFF— and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A a t loca tion 0018, by writing to address lo- 
cation 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 



MORI 
(bit 1) 


MCRO 
(bJtO) 


Mode 





1 
1 




1 



^ 


Interval Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 



6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 1^-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag(IFR4). 

The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 

Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



*'—m_j- 


1 

COUNFEH UNDERFLOW 

I 1 


_J~T_ 


COUNTER 3 1 2 


i . 1 . 1 


(UL, LL) 1 


(UL, LL)-1( 


COUNTER INTERRUPT ENABLED 
COUNTER UNDERFLOW FLAG 








J 

SET ANY TIME BEFORE 
COUNTER UNDERFLOW r- 
















Trq 













Figure 6-1. Interval Timer Timing Diagram 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Cbunter Timer capacity is therefore 1/txS to 65535 
ms at the 1 MHz 02 clock rate or 0.5 fxs to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily meas ured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic ILJf the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflo w bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the interval Timer Mode is shown in 
Figure 6-1 . 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write Is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 



The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 
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Figure 6-3. Pulse Width iVIeasurement 



6.1.5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled. Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 



Figure 6.2 is a timing diagram of the Event Counter Mode. 



/- 2.0V 2.0V \iy8V J 




Figure 6-2. Event Counter Mode 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 



Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a ^2 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 



N 



02 



16 X bps 



-1 



where 



N 



02 
bps 



decimal value to be loaded into Counter A using 

its hexadecimal equivalent. 

the clock frequency (1 MHz or 2 MHz) 

the desired data rate. 



NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. 


Counter A Values for Baud Rate Selection 












Clock Rate 












Needed 








Actual 


To Get 


Standard 
Baud 
Rate 


Hexadecimal 


Baud 


Standard 


Value 


Rate At 


Baud Rate 


1 MHz 


2 MHz 


1 MHz 


2 MHz 


1 MHz 2 MHz 


60 


04E1 


09C3 


50.00 


50.00 


1.0000 2.0000 


75 


0340 


0682 


75.03 


74.99 


1.0000 2.0000 


110 


0237 


046F 


110.04 


110.04 


1.0000 2.0000 


150 


01 AO 


0340 


149.88 


150.06 


1.0000 2.0000 


300 


OOCF 


01 AO 


300.48 


299.76 


1.0000 2.0000 


600 


0067 


OOCF 


600.96 


600.96 


1.0000 2.0000 


1200 


0033 


0067 


1201.92 


1201.92 


1.0000 2.0000 


2400 


0019 


0033 


2403.85 


2403.85 


1.0000 2.0000 


3600 


0010 


0021 


3676.47 


3676.47 


0.9792 1.9584 


4800 


OOOC 


0019 


4807.69 


4807.69 


1.0000 2.0000 


7200 


0008 


0010 


6944.44 


7352.94 


1.0368 1.9584 


9600 


0006 


OOOC 


8928.57 


9615.38 


1.0752 2.0000 



6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB). Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A Read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 1 6-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 



6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



Latch 




Figure 6-4. Counter B. Retriggerable Interval Timer Mode 

6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 

1. The lower 8 bits of P are loaded into LLB by writing to 
address 001 C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001 D. At this point both 
Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001 E. Writing to 
address location 001 E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 

3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 



7.1 POWER ON TIMING 

After application of Vcc and Vrr power to the device, RES 
must be held low for at least eight fi2 clock cycles after Vcc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vcc voltage and performance of the internal oscillator. The 
clock can be monitored at j^2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 



^ POWER ON 
* ' *-" kCLOCK -^ 

' stabilization' 

TIME 



RES 



'8 02 CLOCKS 

CYCLES mu.y 



Dcica 

ftflIM L_ 



Figure 7-1. Power Turn-On Timing Detail 

7.2 POWER-ON RESET 

When RES goes from low to high, the device sets the In- 
terrupt Mask Bit — bit 2 of the Processor Status Register — 
and initiates a reset vector fetch at address FFFC and FPPD 
(or optionally 7FFE and 7PFP) to begin user program exe- 
cution. All of the I/O ports (PA, PB, PC, PD) will be forced 
to the high (logic 1) state. All bits of the Control Register will 
be cleared to logic causing the Interval Timers counter 
mode (mode 00) to be selected and all interrupt enabled bits 
to be reset. 



CB 
OUTPUT— 


1 2 3 4 

-inn 

1. D 'Irl. 


1* D •"I K 1* 

1&3. COUNTER B LATCH B (D) 
2&4. COUNTER B LATCH C (P) 



7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be config- 
ured as shown In Table 7-1. 

Table 7-1 . RES Initialization of I/O Ports and Registers 



Bit No. 


7 


6 


5 


4 


3 


2 


1 


REGISTERS 
















Processor Status 


— 


— 


— 


— 


— 


1 


— — 


Mode Control (MCR) 























Int. Enable (lER) 























Int. Flag (IFR) 























Ser. Com. Control (SCCR) 























Ser. Com. Status (SCSR) 





1 

















PORTS 
















PA Latch 


1 


1 


1 


1 


1 


1 


1 1 


PB Latch 


1 


1 


1 


1 


1 


1 


1 1 


PC Latch 


1 


1 


1 


1 


1 


1 


1 1 


PD Latch 


1 


1 


1 


1 


1 


1 


1 1 




All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 



7.4 INITIALIZATION 

Any initialization process for the device should include a 
RES, as indicated in the proceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 

1 . The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear Interrupts 

A typical initialization subroutine could be as follows: 



Figure 6-5. Counter B Pulse Generation 



LDX 

TXS 
CLD 
SEC 



CLI 



Load stack pointer starting address into 

X Register 

Transfer X Register value to Stack Pointer 

Clear Decimal Mode 

Set Carry Flag 

Set-up Mode Control and 

special function registers 

and clear RAM as required 

Clear Interrupts 
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APPENDIX A 
ENHANCED R6502 INSTRUCTION SET 



This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 



A.I INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 



MNEMONIC 


INSTRUCTION 


MNEMONIC 


INSTRUCTION 


ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


"AND" Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 






LSR 


Shift One Bit Right (Memory or 


*BBR 


Branch on Bit Reset Relative 




Accumulator) 


*BBS 


Branch on Bit Set Relative 






BCC 


Branch on Carry Clear 


NOP 


No Operation 


BGS 


Branch on Carry Set 






BEQ 


Branch on Result Zero 


ORA 


"OR" Memory with Accumulator 


BIT 


Test Bits in Memory with Accumulator 






BMI 


Branch on Result Minus 


PHA 


Push Accumulator on Stack 


BNE 


Branch on Result not Zero 


PHP 


Push Processor Status on Stack 


BPL 


Branch on Result Plus 


PLA 


Pull Accumulator from Stack 


BRK 


Force Break 


PLP 


Pull Processor Status from Stack 


BVC 


Branch on Overflow Clear 






BVS 


Branch on Overflow Set 


*RMB 


Reset Memory Bit 






ROL 


Rotate One Bit Left (Memory or 


CLC 


Clear Carry Flag 




Accumulator) 


OLD 


Clear Decimal Mode 


ROR 


Rotate One Bit Right (Memory or 


CLI 


Clear Interrupt Disable Bit 




Accumulator) 


CLV 


Clear Overflow Flag 


RTI 


Return from Interrupt 


CMP 


Compare Memory and Accumulator 


RTS 


Return from Subroutine 


CPX 


Compare Memory and Index X 






CPY 


Compare Memory and Index Y 


SBC 


Subtract Memory from Accumulator with 
Borrow 


DEC 


Decrement Memory by One 


SEC 


Set Carry Flag 


DEX 


Decrement Index X by One 


SED 


Set Decimal Mode 


DEY 


Decrement Index Y by One 


SEI 


Set Interrupt Disable Status 






*SMB 


Set Memory Bit 


EOR 


"Exclusive-Or" Memory with 


STA 


Store Accumulator in Memory 




Accumulator 


STX 


Store Index X in Memory 






STY 


Store Index Y in Memory 


INC 


Increment Memory by One 






INX 


Increment Index X by One 


TAX 


Transfer Accumulator to Index X 


INY 


Increment Index Y by One 


TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 


JMP 


Jump to New Location 


TXA 


Transfer Index X to Accumulator 


JSR 


Jump to New Location Saving Return 


TXS 


Transfer Index X to Stack Register 




Address 


TYA 


Transfer Index Y to Accumulator 
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MNEMONIC 


OPERATION 










ADDRESSING MODES 


PROCESSOR STATUS 
CODES 


IMMEDIATE 


ABSOLUTE 


ZEflO PAGE 


ACCUM. 


IMPLIED 


(IND, X) 


(IND),Y 


Z. PAGE, X 


ABS.X 


ABS, Y 


RELATIVE 


INDIRECT 


Z. PAGE, Y 


BIT ADDRESSING (OP BY BIT #) 


7 6 5 4 3 2 10 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


QP] 


n 


# 


"op] 


n 


# 


op| 


n 


# 


op] 


n 


# 


op] 


n 


# 


op 


n 


# 


op 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


JL 


# 





1 


2 


3 


4 


5 


6 


7 


N V ■ 


B D 1 Z C 


ADC 


A-M^C^A (4K1) 


69 


2 


T 


6D 


4 


T 


65 


"T 


~ 














61 


"i" 


T 


71 


~5 


2 


75 


4 


2 


70 


4 


3 


79 


4 


3 




































N V . 




Z 


AND 


A M-A I'D 


29 


2 


2 


20 


4 


3 


25 


3 


2 














21 


6 


2 


31 


5 


2 


35 


4 


2 


3D 


4 


3 


39 


4 


3 




































N • • 




Z • 


ASL 


C^ 1 7 I ^ 








OE 


6 


3 


06 


5 


2 


OA 


2 


1 




















16 


6 


2 


IE 


7 


3 










































N . • 




Z 


BBR[#(0-7)J 


Branch on Me = (5) (2) 
















































































OF 


IF 


2F 


3F 


4F 


5F 


6F 


7F 










BBS[#(0-7)] 


Branch on Me =1 {5)(2) 
















































































8F 


9F 


AF 


BF 


CF 


DF 


EF 


FF 










8CC 


Branch on = (2) 






























































90 


2 


2 






































BCS 


Branch on C=1 (2) 






























































BO 


2 


2 






































BEQ 


Branch on Z=1 (2) 






























































FO 


2 


2 






































BIT 


AAM 








2C 


4 


3 


24 


3 


2 














































































M. M, 








BMI 


Branch on N = 1 (2) 






























































30 


2 


2 






































BNE 


Branch on Z = (2) 






























































00 


2 


2 






































BPL 


Branch on N = (2} 






























































10 


2 


2 






































BRK 


Break (See Fig. 1) 


























00 


7 


1 










































































BVC 


Branch on V = (2) 






























: 
































50 


2 


2 






































BVS 


Branch on V=1 (2) 






























































70 


2 


2 






































CLC 


o~.c 


























18 


2 


1 










































































CLD 


0-D 


























D8 


2 


1 










































































CLI 


0-1 


























58 


2 


1 










































































CLV 


0-V 


























B8 


2 


1 










































































CMP 


A M{1) 


09 


2 


2 


CD 


4 


3 


C5 


3 


2 














CI 


6 


2 


D1 


5 


2 


D5 


4 


2 


OD 


4 


3 


09 


4 


3 




































N • 




Z 


CPX 


X M 


EO 


2 


2 


EC 


4 


3 


E4 


3 


2 














































































N • 




Z 


CPY 


Y M 


CO 


2 


2 


CC 


4 


3 


C4 


3 


2 














































































N • 




Z C 


DEC 


M 1-M 








CE 


6 


3 


C6 


5 


2 


























06 


6 


2 


DE 


7 


3 










































N • 




Z • 


DEX 


X 1— X 


























CA 


2 


1 


































































N . 




Z • 


DEY 


Y 1 — Y 


























88 


2 


1 


































































N • 




z ■ 


EOR 


AVM-A (1) 


49 


2 


2 


4D 


4 


3 


45 


3 


2 














41 


6 


2 


51 


5 


2 


55 


4 


2 


50 


.4 


3 


59 


4 


3 




































N . 




Z ■ 


INC 


M-1-M 








EE 


6 


3 


E8 






























F6 


6 


2 


FE 


7 


3 










































N • 




z • 


INX 


X-1-.X 


























EB 


2 


1 


































































N . 




z . 


INY 


Y- 1 -Y 


























C8 


2 


1 


































































N ■ 




z ■ 


JMP 


Jump to New Loc 








4C 


3 


3 
























































60 


5 


3 






























JSR 


Jump Sub (See Ftg. 2) 








20 


6 


3 


























































































LDA 


M-A (1) 


A9 


2 


2 


AD 


4 


3 


AS 


3 


2 














A1 


6 


2 


B1 


5 


2 


B5 


4 


2 


BD 


4 


3 


B9 


4 


3 




































N . 




z . 


LDX 


M— X (1) 


A2 


2 


2 


AE 


4 


3 


A6 


3 


2 






































BE 


4 


3 














B6 


4 


2 


















N • 




z • 


LDY 
LSR 


M-Y (1) 


AO 


2 


2 


AC 

4E 


4 
6 


3 

3 


A4 
46 


3 
5 


2 

2 


4A 


2 


^ 




















B4 
56 


4 
6 


2 
2 


BC 
5E 


4 

7 


3 
3 










































N • 
• 




z • 
Z C 


0- 1 7 C 1 -- C 


NCR 


No Operation 


























EA 


2 


1 








































































ORA 


AVM— A(1) 


09 


2 


2 


OD 


4 


3 


05 


3 


2 














01 


6 


2 


11 


5 


2 


15 


4 


2 


10 


4 


3 


19 


4 


3 




































N • 




z • 


PHA 


A-^Ms S 1-S 


























48 


3 


1 








































































PHP 


P-Ms S 1-S 


























08 


3 


1 








































































PLA 


S ■ 1-S Ms-A 


























68 


4 


1 


































































N ■ 




z • 


PLP 


S-1-S Ms-P 


























28 


4, 


1 




































































(Restored 




RMB[#{0-7)! 


0-M, (5) 
















































































07 


17 


27 


37 


47 


57 


67 


77 








ROL 


^7 dk^-4C}, 








2E 


6 


3 


26 


5 


2 


2A 


2 


1 




















36 


6 


2 


3E 


7 


3 










































N • 




. z c 


ROR 

RTI 


HC^-^^__^}-^ 








6E 


6 


3 


66 


5 


2 


6A 


2 


1 


40 


6 


1 














76 


6 


2 


7E 


7 


3 










































H • 


(Restored 


• Z 


Rtm Int (See Fig. 1) 


RTS 


Rtrn Sub (See Fig. 2) 


























60 


6 


1 








































































SBC 


A M C— A (1) 


E9 


2 


2 


ED 


4 


3 


E5 


3 


2 














El 


6 


2 


F1 


5 


2 


F5 


. 4 


2 


FD 


4 


3 


F9 


4 


3 




































N V 




• Z (3) 


SEC 


1-C 


























38 


2 


1 








































































1 


BED 


1-D 


























F8 


2 


1 










































































SEI 


1-T 


























78 


2 


1 










































































SMB{#{0-7)] 


1-M, (5) 
















































































87 


97 


A7 


B7 


C7 


07 


E7 


F7 










STA 


A— M 








8D 


4 


3 


65 


3 


2 














81 


6 


2 


91 


6 


2 


95 


4 


2 


90 


5 


3 


' ■ 


5 


3 












































STX 


X-M 








8E 


4 


3 


86 


3 


2 
























































96 


4 


2 


























STY 


Y-M 








8C 


4 


3 


84 


3 


2 


























94 


4 


2 








_ 
















































TAX 


A-X 


























AA 


2 




































































N . 




. z . 


TAY 


A-Y 


























A8 


2 




































































N . 




. z . 


TSX 


S— X 


























BA 


2 




































































N • 




. z . 


TXA 


X-A 


























8A 


2 




































































N • 




. z . 


TXS 


X-S 


























9A 


2 










































































TYA 


Y-A 


























98 


2 




































































N . • • • 


. z • 


MOTES 










































































LEGEND 


















M 


= Memory Bit 6 





1 . Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3. Carry not = Borrow 

4. If in decimal mode Z flag is invalid 
accumulator must be checked on zero result. 

5. Effects 8-bit data field of the specified zero page address. 



- Index X 

= Index Y 

= Accumulator 

= [Memory per effective address 

= Memory per stack pointer 

= Selector zero page memory bit 

= Memory Bit 7 



= Add 

= Subtract 

= And 

= Or 

= Exclusive Or 

= Number of cycles 

= Numt>er of Bytes 



en 



O 



(D 
0) 

tn 
O 

3 
Q. 

U 

cn 

o 



CO 



o 

s 

o 
o 

3 

C 
(D 
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A.3 INSTRUCTION CODE MATRIX 



LSD 



D , 



BRK 

Implied 

1 7 


ORA 

(IND, X) 

2 6 








ORA 
ZP 
2 3 


ASL 
ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 

1 2 






ORA 
ABS 
3 4 


ASL 
ABS 
3 6 


BBRO 

ZP 
3 5" 


BPL 
Relative 
2 2** 


ORA 
(IND), Y 
2 5* 








ORA 
ZP, X 
2 4 


ASL 
ZP, X 
2 6 


RMB1 
ZP 
2 5 


CLC 

Implied 

1 2 


ORA 
ABS, Y 
3 4* 








ORA 
ABS, X 
3 4* 


ASL 

ABS,X 

3 7 


BBR1 
ZP 

3 5" 


JSR 

Absolute 

3 6 


AND 

(IND, X) 

2 6 






BIT 
ZP 
2 3 


AND 
ZP 
2 3 


ROL 
ZP 
2 5 


RMB2 
ZP 
2 5 


PLP 

Implied 

1 4 


AND 
IMM 
2 2 


ROL 
Accum 
1 2 




BIT 
ABS 
3 4 


AND 
ABS 
3 4 


ROL 
ABS 
3 6 


BBR2 
ZP 

3 5** 


BMI 
Relative 
2 2** 


AND 

(IND, Y) 

2 5* 








AND 
ZP, X 
2 4 


ROL 
ZP,X 
2 6 


RMB3 
ZP 
2 5 


SEC 

Implied 
1 2 


AND 
ABS, Y 
3 4* 








AND 
ABS, X 
3 4* 


ROL 

ABS, X 

3 7 


BBR3 
ZP 

3 5" 


RTI 

Implied 

16 


EOR 

(IND, X) 

2 6 








EOR 
ZP 
2 3 


LSR 
ZP 
2 5 


RMB4 
ZP 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 
Accum 
1 2 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 


BBR4 

ZP 
3 5" 


BVC 
Relative 
2 2" 


EOR 
(IND), Y 
2 5* 








EOR 
ZP,X 
2 4 


LSR 
ZP,X 
2 6 


RMB5 
ZP 
2 5 


CLI 

Implied 

1 2 


EOR 
ABS, Y 
3 4* 








EOR 
ABS, X 
3 4* 


LSR 

ABS, X 

3 7 


BBR5 
ZP 

3 5** 


RTS 

Implied 

1 6 


ADC 

(IND, X) 

2 6 








ADC 
ZP 
2 3 


ROR 
ZP 
2 5 


RMB6 
ZP 
2 5 


PLA 

Implied 
1 4 


ADC 
IMM 
2 2 


ROR 
Accum 
1 2 




JMP 
Indirect 
3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 


BBR6 
ZP 

3 5" 


BVS 
Relative 
2 2" 


ADC 

(IND, Y) 

2 5* 








ADC 
ZP. X 
2 4 


ROR 
ZP. X 
2 6 


RMB7 
ZP 
2 5 


SEI 
Implied 
1 2 


ADC 
ABS.Y 

3 4* 








ADC 
ABS,X 
3 4' 


ROR 

ABS, X 

3 7 


BBR7 

ZP 
3 5" 




STA 

(IND, X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 

ZP 
2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 
1 2 




TXA 

Implied 
1 2 




STY 
ABS 
3 4 


STA 
ABS 
3 4 


STX 
ABS 
3 4 


BBSO 

ZP 
3 5" 


BCC 
Relative 
2 2" 


STA 

(IND, Y) 

2 6 






STY 
ZP,X 
2 4 


STA 
ZP,X 
2 4 


STX 

ZP, Y 
2 4 


SMB1 
ZP 
2 5 


7YA 

Implied 
1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied. 
1 2 






STA 

ABS, X 

3 5 




BBS1 

ZP 

3 5" 


LDY 
IMM 
2 2 


LDA 

(IND, X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
ZP 
2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
^ 5 


TAY 

Implied 

t 2 


LDA 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 
ZP 

3 5" 


BCS 
Relative 

2 2** 


LDA 
(IND), Y 
2 5* 






LDY 
ZP, X 
2 4 


LDA 
ZP, X 
2 4 


LDX 
ZP, Y 
2 4 


SMB3 
ZP 
2 5 


CLV 

Implied 

1 2 


LDA 
ABS, Y 
3 4* 


TSX 

Implied 
1 2 




LDY 
ABS, X 

3 4* 


LDA 
ABS, X 
3 4* 


LDX 
ABS, Y 
3 4* 


BBSS 
ZP 

3 5** 


CPY 
IMM 
2 2 


CMP 

(IND, X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 

1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 
ZP 

3 5" 


BNE 
Relative 
2 2" 


CMP 
(IND), Y 
, 2 5* 








CMP 
ZP, X 
2 4 


DEC 
ZP, X 
2 6 


SMB5 
ZP 
2 5 


CLD 

Implied 

1 2 


CMP 
ABS, Y 
3 4* 








CMP 
ABS, X 
3 4* 


DEC 

ABS, X 

3 7 


BBSS 

ZP 
3 5" 


CPX 
IMM 
2 2 


SBC 

(IND, X) 

2 6 






CPX 
ZP 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 
2 5 


SMB6 
ZP 
2 5 


INX 

Implied 

1 2 


SBC 
IMM 
2 2 


NOP 

Implied 

1 2 




CPX 
ABS 
3 4 


SBC 
ABS 
3 4 


INC 
ABS 
3 6 


BBS6 
ZP 

3 5** 


BEQ 
Relative 
2 2** 


SBC 
(IND), Y 
2 5* 








SBC 
ZP, X 
2 4 


INC 
ZP, X 
2 6 


SMB7 
ZP 
2 5 


SED 
Implied 
1 2 


SBC 
ABS, Y 
3 4* 








SBC 
ABS, X 

3 4* 


INC 

ABS, X 

3 7 


BBS7 

ZP 
3 5" 



B 



BRK 

Implied 

1 7 



—OP Code 

— Addressing Mode 

— Instruetion Bytes; Machine 



Cycles 



*Add 1 to N if page boundary Is crossed. 
**Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIXB 
KEY REGISTER SUMMARY 



_] ACCUMULATOR 



3 INDEX REGISTER Y 



~\ INDEX REGISTER X 



^ PROGRAM COUNTER PC 



3 STACK POINTER S 



JnI v| \B I D I I I Z I C I PROCESSOR STAtUS REG P 



CPU Registers 



7 


6 


5 


4 


3 


2 


1 





Addr 0014 










1 I dounter'A 












Counter B Mode Select 










Mode Select Interval Timer 










1 Pulse Generation 










1 Event Counter 


Bus Mode Select 




1 1 Pulse Width Meas 




















1 Event Counter 




















Porta Latch 








(1— Enable) 








L Port D Tri-State 






(O—Tri-State High Impedance Mode) 






9 Full Address 




1 Normal 


1 OAbbr. Bus 




1 — 


— 


1 M 


jx'd 


Bu 


s 















>t initialized by RES 
t to Logic 1 by RES 



- CARRY (C) 

1 = Carry Set 
= Carry Clear 

. ZERO(Z)0 



- INTERRUPT DISABLE (I) @ 

1 - IRQ Interrupt Disabled 

-.-.IRQ Interrupt Enabled 

- DECIMAL MODE (D) 

1 ~ Decimal Mode 
= Binary Mode 

- BREAK COMMAND (B) 



Mode Control Register 




- OVERFLOW (O) 



- NEGATIVE (N) 



Processor Status Register 



XMTR 
Flag 



RCVR 
Flag 



|_ PAO Positive 
Edge Detect 
PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
PA3 Negative 
Edge Detect 
Counter A 
Underflow Flag 
Counter B 
Underflow Flag 



Interrupt Enable and Flag Registers 



7 


6 


5 


4 


3 


2 


1 





Addr 0015 
















0-. 


3dd Parity 
















1~Even Parity 
















Parity Disable 
















L 1 Parity Enable 










Q~8 Bits/Char 










1~7 Bits/Char 










1 0^6 Bits/Char 










1 1 ~ 5 Bits/Char 






XMTR & RCVR ASYN Mode 






1 XMTR ASYN, RCVR S/R 






1 X XMTR S/R, RCVR ASYN 






RCVR Disable 




L 1 RCVR Enable 




L XMTR Disable 




1 


XM 


TR 


En 


abl4 


t 





















Serial Communications Control Register 
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RCVR Data 
Reg Full 
RCVR Over-Run 

Parity Error 

Frame Error 

Wake-Up 

End of Transmission 

XMTR Data Reg Empty 

XMTR Under-Run 

Serial Communications Status Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 

MAPS/PIN FUNCTIONS 



C.1 I/O AND INTERNAL REGISTER ADDRESSES 



ADDRESS 
(HEX) 


READ 


WRITE 


001 F 
1E 
1D 
1C 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Upper Latch B, Cntr B^Latch B, CLR Flag 
Upper Latch B, Latch C^Latch B 
Lower Latch B. 


1B 
1A 
19 
18 


Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Upper Latch A, Cntr A^Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


17 
16 
15 
14 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Serial Transmitter Data Register 
Serial Comm. Status Reg. Bits 4 & 5 only 
SerialGomm. Control Register 
Mode Control Register 


13 

12 

11 

0010 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Interrupt Enable Register 

Clear Int Flag (Bits 0-3 only, Write O's only) 


OF 
OE 
OD 
OC 








These addresses are reserved ar 
operation over the external Data 


RESERVED 

d are used by the CPU during Read and Write 
Bus(D0-D7). 




OB 
OA 
09 
08 




07 
06 
05 
04 










03 

02 

01 

0000 


PortD 
Porte 
PortB 
Port A 


PortD 
Porte 
PortB 
Port A 
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C.2 FULL ADDRESS MODE 
MEMORY MAP 
R6511QORR6500/13 



C.3 FULL ADDRESS MODE 
MEMORY MAP 
R6500/13 ONLY 



FFFE 


IRQ VECTOR 




FFFC 


RES VECTOR 




FFFA 


NMI VECTOR 






USER PROGRAM 


/ 
/ 










/ 






/ 






/ 






/ 






/ 






/ 






/ 
/ 
/ 
/ 


OOFF 






INTERNAL RAM (192) 










/ 




RESERVED 


/ 


001 F 


r/O & REGISTERS 


■ 


0000 




' 



INTERNAL 
REGISTERS 


001 F 
0010 


RESERVED 


OOOF 
0004 


I/O PORTS A, B, C, D 


0003 
0000 



FFFE 
FFFA 

7FFE 
7FFD 

7F00 

OOFF 
0040 




/ 

/ 
/ 

/ 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 




001 F 
0010 


IRQ VECTOR 


(OPT RES VECTOR) 


NMI VECTOR 


USER PROGRAM 


INTERNAL 
REGISTERS 


RES VECTOR 


BOOTSTRAP 
ROM (254) 


USER PROGRAM 


RESERVED 


booF 


INTERNAL RAM (192) 


0004 


001 F 
0000 


RESERVED 


I/O PORTS A, B, C, D 


0003 


I/O & REGISTERS 


0000 








■ '"I 




C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS— PORT C AND PORT D 



PIN 
NUMBER 


FULLADDRESS 
MODE 


I/O PORT 
FUNCTION 


ABBREVIATED PORT 
FUNCTION 


MULTIPLEXED PORT 
FUNCTION 


54 
55 
56 
57 


PCO 
PC1 
PC2 
PC3 


PCO 
PG1 
PC2 
PCS 


AO 
At 
A2 
A3 


AO 
A1 
A2 
A3 


58 
59 
60 
61 


PC4 
PC5 
A13 
A14 


PC4 
PC5 
PC6 
PC7 


A12 
R/W 
A13 
EMS 


A12 
R/W 
A13 
EMS 


62 

63 

64 

1 


PDO 
PD1 
PD2 
PD3 


PDO 
PD1 
PD2 
PD3 


DO 
D1 
02 
D3 


A4/D0 
A5/D1 
A6/D2 
A7/b3 


2 
3 
4 
5 


PD4 
PD5 
PD6 
PD7 


PD4 
PD5 
PD6 
PD7 


D4 
D5 
D6 
D7 


A8/D4 
A9/D5 
A10/D6 
A11/D7 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


VCC Vrr 


- 0.3 to + 7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 
Industrial 


Ta 


Oto +70 
-40 to +85 


*'C 


Storage Temperature 


TsTG 


-55 to +150 


«C 



*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages; however, it is 
advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 



DC CHARACTERISTICS 

(Vcc = 5V ±5%;Vrr = Vcc;Vs, 



= 0; TA = to 70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Power Dissipation (Outputs High) 
Commercial @ 0°C 
Industrial @ -40** 


Pd 


- 


750(1) 


1100 
1200 


mW 


RAM Standby Voltage (Retention Mode) 


Vrr 


3.0 


- 


Vcc 


Vdc 


RAM Standby Current (Retention Mode) 
Commercial @ 25 •'C 
Industrial @ 25°C 


Irr 


- 


4 
5.2 


- 


mADC 


Input High Voltage (Except XTLI and 02 in slave option) 


V,H 


+ 2.0 


— 


Vcc 


Vdc 


Input High Voltage (XTLI and 02 in slave option) 


V,H 


+ 4.0 


~ 


Vcc 


Vdc 


Input Low Voltage 


V,L 


-0.3 


— 


+ 0.8 


Vdc 


Input Leakage Current (RES, NMI) 
Vjn = Oto 5.0 Vdc 


l|N 






±10.0 


^Adc 


Input Low Current PA, PB, PC, PD 
(V,L = 0.4 Vdc) 


l|L 


— 


-1.0 


-1.6 


mAdc 


Output High Voltage (Except XTLO) 
(Iload = -lOOMdc) 


VpH 


+ 2.4 


— 


Vcc 


Vdc 


Output Low Voltage 
(Iload = IBmAdc) 


Vol 


— 


— 


+ 0.4 


Vdc 


Input Capacitance 
Vin -0. Ta = 25°C, f = 1.0 MHz) 
XTLI, XTLO 
All Others 


Cin 


- 


- 


50 
10 


pF 


I/O Port Pull-Up Resistance 
PA0-PA7, PB0-PB7. PC0-PC7 


Rl 


3.0 


6.0 


11.5 


Kfi 


Output Leakage Current 
Tri-State l/O's while in 


'out 


■ 





±10 


AtAdc 


Output Capacitance 
Trl-State l/O's while in 
High Impedance State 
V,N OV, TA = 25°C, f = 1.0 MHz 


Cqut 


- 


- 


10 


pF 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 
(1)at25°C 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 



E.1 GENERAL NOTES 

1 . Vcc = 5V ±5%, 0°C ^ TA ^ 70°C 

2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below: 

PA, PB — 50pf maximum 

PC (I/O Modes Only) — 50pf maximum 

PC (ABB and Mux Mode) — 1 SOpf maximum 

PC6, PC7 (Full Address Mode) — 130pf maximum 



6. Example of External Chip Select (Multiplexed Bus) 
EMS- 



_r 



A13- 
A12- 
A11- 



C G2B 



■C G2A 



Y7 
Y6 
Y5 
G1 74LS138 Y4 
Y3 
C Y2 

B Y1 

A YO 



3800-3FFF 
3000-37FF 
2800-2FFF 




- 2000-27FF 

- 1800-1FFF 
- 1 000-1 7FF 

- 0800-OFFF 
■0100-07FF 



E.2 CLOCK TIMING 



Note that both EMS and Phase 2 (<^2) must be used to correctly 
enable the chip selects in the multiplexed or abbreviated bus modes. 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 1 


MIN 


MAX 


MIN 


MAX 


TcYC 


Cycle Time 


1000 


10/xs 


500 


10/13 


Tpwxi 


XTLIInput Clock 
Pulse Width 
XTLO = VSS 


500 
±25 




250 
±10 


~ 


Tpw02 


Output Clock Pulse 
Width at Minimum 

TcYC 


Tpwxi 


TpwXI 

±25 


Tpwxi 


Tpwxi 
±20 


Tr. Tp 


Output Clock Rise, 
Fall Time 


— 


25 


— 


15 


T,«,T,p 


Input Clock Rise, 
Fall Time 


— 


10 


— 


10 
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E.3 ABBREVIATED MODE TIMING— PC AND PD 



(MCR 5 = 


1, MCR 6 = 0, MCR 7 = 1) 










SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TpCRS 


(PCS) R/W Setup Time 


— 


225 


_ 


140 


1 PCAS 


(PC0-PC4, PC6) Address Setup Time 


_ 


200 


— 


100 


TpBSU 


(PD) Data Setup Time 


SO 


— 


3S 


— 


TpBHR 


(PD) Data Read Hold Time 


10 


— 


10 


— 


TpBHW 


(PD) Data Write Hold Time 


30 


— 


30 


— 


• PBDD 


(PD) Data Output Delay 


— 


17S 


— 


130 


TpcHA 


(PC0-PC4, PC6) Address Hold Time 


30 


_ 


30 


_ 


• PCHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


TpCHV 


(PC7) EMS Hold Time 


10 


— 


10 


— 


• PCVP 


(PC7) EMS Stabilization Time 


30 


— 


30 


— 


Tesu 


EMS Setup Time 


~ 


3S0 




210 



E.3.1 Abbreviated Mode Timing Diagram 



READ 



R/W 



EMS 



PC0-PC4, 
PC6 



"^_ 






^TPCHR 



:ir 



TPCRS 



:^_ 



tr lESU 

TPCHA 



J- 



TPCAS 



PD0-PD7 



i'. 



WRITE 



TPCHV 



7- 



"N- 



TPCVP 



_TPBSU 



TPBDD 



> 



J 



TPBHR 



TPBHW 
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E.4 MULTIPLEXED MODE TIMING— PC AND PD 



(MCR 5 = 


1,MCR6 = 1,MCR7 = 1) 










SYMBOL 


PARAMETER 


t MHz 


2MH2 


MrN 


MAX 


until 


MAX 


TpcRs 


(PCS) R/W Setup Time 


— 


225 


— 


140 


' PCAS 


(PC0-PC4, PC6) Address Setup Time 


_ 


200 


— 


100 


TpBAS 


(PD) Address Setup Time 


— 


220 


— 


120 


T pBSU 


(PD) Data Setup Time 


50 




35 


— 


' PBHR 


(PD) Data Read Hold Time 


10 




10 


— 


TpBHW 


(PD) Data Write Hold Time 


30 


— 


30 


— 


TpBDD 


(PD) Data Output Delay 


__ 


175 


— 


140 


TpCHA 


(PC0-PC4, PC6) Address Hold Time 


30 


— 


30 


— 


TpBHA 


(PD) Address Hold Time 


10 


100 


10 


80 


TpcHR 


(PCS) R/W Hold Time 


30 


— 


30 


__ 


' PCHV 


(PC7) EMS Hold Time 


10 


— 


10 


— 


Tpcvd'^' 


(PC7) Address to EMS Delay Time 


30 




30 




Tpcvp 


(PC7) EMS Stabilization Time 


30 


— 


30 


— 


Tesu 


EMS Setup Time 


— 


350 




210 


NOTE 1: Values assume PC0-PC4, PC6 and PC7 have the same capacitive load. 




E.4.1 Multiplex Mode Timing Diagram 
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E.5 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


'PDDW 


Internal Write to Peripheral Data Valid 
PA. PB, PC TTL 
PA, PB, PC CMOS 
PD 


- 


500 

1000 

175 


— 


500 

1000 

150 


TpDSU 
TpDsu 


Peripheral Data Setup Time 
PA, PB, PC 
PD 


200 
50 


- 


200 
50 


- 


TpHR 
TpHR 


Peripheral Data Hold Time 
PA, PB, PC 
PD 


75 
10 


- 


75 
10 


- 


Tepw 


PA0-PA3 Edge Detect Pulse Width 


TcYc 


- 


TcYC 


- 


TCPW 


Counters A and B 
PA4, PAS Input Pulse Width 
PA4, PA5 Output Delay 


TcYC 


500 


TcYC 


500 


•PBLW 
TpLSU 
TpBLH 


Port B Latch Mode 
PAO Strobe Pulse Width 
PB Data Setup Time 
PB Data Hold Time 


TcYC 

175 
30 


- 


TcYC 

150 
30 


- 


Tpow'^' 

TcMos'^' 
Tcpw 

Tpow<^' 


Serial I/O 
PA6XMTRTTL 
PA6 XMTR CMOS 
PA4 RCVR S/R Clock Width 
PA4 XMTR Clock— S/R Mode (TTL) 
PA4 XMTR Clock— S/R Mode (CMOS) 


4Tcyc 


500 
1000 

500 
1000 


4 TcYc 


500 
1000 

500 
1000 



: Maximum Load Capacitarice: 50pF 
Passive Pull-Up Required 



E.5.1 I/O, Edge Detect, Counter, and Serial I/O Timing 
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1.5V J 



TCD 



TCPW 



X 



TPDW 



TCMOS 



VDD— 30% 



y 



X 



/ 



1.5V 



1.5V 



\. 



I PLSU -*f*- 



3-220 



R6511Q Microprocessor and R6500/13 Microcomputer 

E.6 MICROPROCESSOR TIMING (D0-D7, 
A0-A12, A15, SYNC, R/W) 



SYMBOL 




PARAMETER 


1 MHz 


2 MHz 1 


MIN 


MAX 


MIN 


MAX 


Trws 


R/W Setup Time 


— 


225 


— 


140 


Tads 


A0-A12,A15Setup 
Time 


— 


225 


— 


140 


Tdsu 


D0*D7 Data Setup Time 


50 


— 


#5 


'■■' — 


Thr 


D0-D7 Read Hold Time 


10 


— 


10 


_ 


Thw 


D0-D7 Write Hold Time 


30 


_ 


30 


— ., 


Tmos 


D0-D7 Write Output 
Delay 


...."— 


1 75 


— 


150 


TsYN 


SYNC Setup 


— 


225 


— 


175 


Tha 


A0-A12,A15 Hold Time 


30 


— 


30 


— 


Thrw 


R/W Hold Time 


30 


— 


30 


— 


TacC 


External Memory Access 
Time Tacc = Tcyc Tf — 
Tads — Tqsu 


" 


T,cc 


' 


Tacc 


TsYH 


SYNC Hold Time 


30 


— 


30 


— 




E.6.1 Microprocessor 


Timing Diagram 
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R6500/41 AND R6500/42 

ONE-CHIP INTELLIGENT 

PERIPHERAL CONTROLLERS 



SECTION 1 
INTRODUCTION 



1.1 FEATURES 

• Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

• Asynchronous Host interface that allows independent clock 
operation 

• Input, Output and Status Registers for CPU/Host data transfer 

• Status register for CPU/Host data transfer operations 

• Interrupt or polled data interchange with Host 

• Enhanced 6502 CPU 

—Four new bit manipulation instructions: 

Set Memory Bit (SMB) 

Reset Memory Bit (RIVIB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
— 13 addressing modes 
— True indexing 

• 1536-byte mask-programmable ROM 

• 64-byte static RAM 

• 23 TTL-compatible I/O lines (R6500/41 only) 

• 47 TTL-compatible I/O lines (R6500/42 only) 

• A 16-bit programmable counter/timer, with latch 
^ Pulse width measurement 

— Pulse generation 
— Interval timer 
— Event counter 

• Seven interrupts 

— Two edge-sensitive lines; one positive, one negative 

— Reset 

— Counter Underflow 

— Host data received 

— Output Data Register full 

— Input Data Register empty 

• Multiplexed bus expandable to 4K bytes of external memory 

• Unmultiplexed bus for Peripheral I/O expansion 

• 68% of the instructions are executed in less than 2fxs @ 
2 MHz 



• NMOS-3 silicon gate, depletion load technology 

• Single +5V power supply 

• 40-pin DIP (R6500/41 only) 

• 64-pin QUIP (R6500/42 only) 

NOTE 

This document describes both the R6500/41 and 
R6500/42. In the text, the terms IPC or device will be used 
when describing tx>th parts. The few differences will be 
described in the text using the terms R6500/41 or R6500/ 
42. 



1.2 SUMMARY 

The Rockwell R6500/41 and R6500/42 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface I/O devices designed for use with a variety 
Of 8-bit and 16-bit microprocessor systems. The one-chip 
R6500/41 IPC has an enhanced R6502 CPU, 1.5K by 8-bit 
ROM, 64 by 8-bit RAM, three I/O ports with multiplexed special 
functions, and a multi-function timer all contained within a 40- 
pin package. 

For systems requiring additional I/O ports, the device is also 
available in a 64-pin QUIP version, R650G/42, that provides 
three additional 8-bit ports. In both versions, special interface 
registers allow these IPC devices to function as peripheral con- 
trollers for the 6500, 6800, Z80, 8080, and other 8-bit or 16-bit 
host microcomputer systems. 

The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
PMtational power. These features make the device a leading 
candidate for IPC computer applications. 



To facilitate system and program development for the device 
Rockwell has developed the R6541 Q which can be used as an 
Emulator. A description of the R6541Q is contained in the 
R6541Q Product Description (Document Order No. 2136). 



Document No. 29651 N38 
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Product Description Order No. 2135 
Rev. 3, IMarch 1984 



R6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers 

Rockwell supports development of the R6500/41 and R6500/ 1.3 MASK OPTIONS 

'^^".f ^lUill^Tc^^ MIcraoDmputer Development System ^he R6500/41 has provision for internal pull-up resistors on 

and the R6500 * Family of Pe^oriality ModutesXomplete p^ ^.^ pg p^rts as a mask option. This option is available 

,n-c,rcu.t emulation with he R6500/ * Family of Personality ,^^ ^„, .^ ^ ^ 

Modules allows total system test and evaluation. r- » r j. h^ 

. , . . ^. . , ,. . , ... .,. ^. The R6500/42 has provision for pull-up resistors on PA, PC, 

This product description is for the reader familiar with the ^c ««^ or* ^„-*„ Jl „^i -.-*• -rL- .- • .1 ui 

rn^r-«« ^i-.i I i_ -I -1 uix- A pF. and PG ports as a mask option. This option is avai ab e 

R6502 CPU hardware and programming capabilities. A *«r ««^ «r^..rv^ ««u, ««♦♦«, i„J;. iw • -*T 

^ X .. -, _. ■ X- .£ x._ r-.^,-/>« ?vr^. . u J ■ ■ I -I -1 for port groups only, not for nd v dua port ines. 
detailed description of the R6502 CPU hardware IS included k » k y. h 

in the R6500 Microcomputer System Hardware Manual 
(Order Number 201). A description of the instruction capa- 
bilities of the R6502 CPU is contained in the R6500 Micro- 
computer System Programming Manual (Order Number 202). 
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SECTION 2 
R6500/41 INTERFACE REQUIREMENTS 



This section describes the interface requirements for the In- 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- 
gram for the devices. Figures 2-2 and 2-4 show the pin out 
configurations and Table 2-1 describes the function of each 



pin of the devices. Figures 2-3 and 2-5 show the mechanical 
dimensions of the devices. Section 5 describes the Host 
computer interface protocol and timing requirements. 



CLK IN . 



RES 
"cc 



GS- 
RS (AO) - 
E(RD). 
R/W (WR) - 



HBO-HBT 



C=^ 



CLK CIRCUIT 



INT LOGIC 



6502 CPU 



64 BYTES RAM 



1.5K ROM 



CONTROL REG 



INPUT DATA 
REG 



PQ0-PG7 



C=0 



PORTG 



•MULTIFUNCTION PINS 



R6S00/41 



EDGE DETECT 



STATUS REG. 



PORTA 



PORTB 



PORTC 



16 BIT 
COUNTER/LATCH 



OUTPUT DATA 
REG 



PORTE 



PORTF 



C=> 



PAO-PA? 
(PAO-PED) 
(PA1-NED) 
(PA2-CNTR) 



A k PB0.PB7 

Ny / (D0-'D7, TRI-STATE)* 



A k PC0-PC6 

( ) (AO. A1.A2. A3, 

^ ^ EMS, R/W, INT)* 



-►f(2 



R6500/42 



^ 



C=^ 



PE0-PE7 

Darlington Output Only 



PF0-PF7 



Figure 2-1 . Interface Diagram 
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Figure 2.2 R6500/41 Pin Out Designation 
(40 PIN DIP) 



Figure 2-3. R6500/41 Dimensional Outline 
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Figure 2-4. R6500/42 Pin Out Designation 
(64 PIN QUIP) 



Figure 2-5. R6500/42 Dimensional Outline 
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Table 2-1 . Pin Description 








f^l'/^hi Ai fc ■ A > aiw 


PIN NO. 1 


DESCRIPTION 


Cl/^KIAI KIAMP 


PIN NO. 


DESCRIPTION 


SIGNAL NAME 


R6500/41 


R6500/42 


OlUiNAU NAMt 


R6500/41 


R6500/42 


CLKIN 


39 


3 


Symmetrical square wave 
100 KHz to 2 MHZ, TTL com- 
patible input. 


PAt)-PA7 


22-29 


25-32 


8 bit I/O port used for either 
input or output. Each line 
consists of an active transis- 


i2 


20 


23 


Output timing signal— This is 
an internally synchronized 
1 X clock output suitable for 
external memory or peri- 
pheral interfacing. 








tor to Vss and an optional 
passive pull-up to Vcc- The 
two lower bits PAO and PA1 
also serve as edge detect in- 
puts. PA2 is time shared with 
the 16 bit Counter Input or 


RES 


38 


57 


The reset input is used to ini- 
tialize the device. Section 7 








output pin, CNTR, and is 
mode selected. 








describes the process and 
conditions of the RES 


PB0-PB7 


30-37 


49-56 


8 bit I/O port used for either 








procedure. 








input or output. Each line 














consists of an active transis- 


VCC 


40 


58 


Power supply input ( + 5V) 








tor to Vss and an active pull- 


vss 


21 


24 


Signal and power ground 
(OV). 








up to Vcc- This port becomes 
a tri-state data bus. D0-D7, 














in the Abbreviated or Multi- 


CS 


1 


4 


Chip select pin. 








plexed Bus Mode. D0-D7 are 


RS (AO) 


4 


7 


Register select input pin used 








multiplexed with address lines 
A4-A11 in the Multiplexed 
Bus Mode. 








by the Host processor to in- 














dicate that information being 
















written into the IPC is a data 


PC0-PC6 


13-19 


16-22 


7 bit I/O port used for either 








or command byte or to indi- 








input or output. Each line 








cate that information being 








consists of an active transis- 








read from the IPC is a status 








tor to Vss and an optional 








or data byte. 








passive pull-up to Vcc- The 


E(RD) 


2 


5 


Host timing control signal for 
data register write and read. 








pins POO to PCS are mul- 
tiplexed with address and 
control signals for use in 


R/W (WR) 


3 


6 


Host timing control signal for 
data register write and read. 








abbreviated and multiplex 
modes. PC6 is multiplexed 


HB0-HB7 


5-12 


8-15 


Data bus between Host and 
IPC data input and output 
registers. 








with INT and is program se- 
lectable. In these two modes 
PC0-PC5 have active pull- 
ups. 










PE0-PE7 


N/A 


1,2,64-59 


For the R6500/42, the 64 pin 










PF0-PF7 


N/A 


33-40 


QUIP version, three addi- 










PG0-PG7 


N/A 


41-48 


tional ports (24 lines) are 
provided. Each line consists 
of an active transistor to Vss- 
PF0-PF7 and PG0-PG7 are 
bidirectional, and an optional 
passive pull-up to Vcc is pro- 
vided. PE0-PE7 is outputs 
only with an active pullup. All 
ports will source 100 /xamps. 
at 2.4V except port E (PEO- 
PE7) which will source 1 ma. 
at 1 .5v. 
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SECTION 3 
SYSTEM ARCHITECTURE 



This section provides a functional description of the IPC de- 
vice. Functionally, the device consists of a CPU, both 
ROM and RAM memories, three parallel I/O ports (six in the 
64-pin R6500/42), counter/latch circuit, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1 . 

NOTE 

Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 

3.1 CPU LOGIC 

The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index 
Registers (X and Y); an 8-bit Stack Pointer register, an ALU, 
a 16-bit Program Counter, and standard instruction register/ 
decode and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address— the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect ad- 
dressing, the CPU fetches the op code and the address, and 
modifies the address from memory by adding the index reg- 
ister to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically in- 
cremented and decremented under control of the micropro- 
cessor to perform stack manipulation in response to either 
user instructions, or an internal IRQ interrupt. The Stack 
Pointer must be initialized by the user program. 

The stack allows simple Implementation of multiple level in- 
terrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTt and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed") onto the stack. Each time 



data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
007F-0040. Normal usage calls for the initialization of the 
Stack Pointer at 007F. 

3.1.4 Arithmetic and Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 1 6-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is plac&d on the high-order 8 
bits of the Address Bus. The Counter Is incremented each 
time an instruction or data is fetched from program memory, 

3.1.6 Instruction Register and instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and in- 
terrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is initialized each time 
an instruction fetch is executed and is advanced at the be- 
ginning of each low level of the Clock In pulse for as many 
cycles as are required to complete the instruction. Each data 
transfer which takes place between the registers is caused 
by decoding the contents of both the instruction register and 
timing control unit. 
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Figure 3-1. R6500/41 & R6500/42 Block Diagram 
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3.1.8 Interrupt Logic 

Interrupt logic controls the sequencing of two interrupts: RES 
and IRQ. IRQ is generated by any one of four conditions: 
Counter Overflow, Positive Edge Detect, Negative Edge De- 
tect, and Input Data Register Full. 

3.2 NEW INSTRUCTIONS 

In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In or- 
der for these instructions to be equally applicable to any I/O 
ports, with or without mixed input and output functions, the 
I/O ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 

3.2.1 Set Memory Bit (SMB m, Addr.) 

This instruction sets to "1 " one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00-FF) of the byte or I/O port to be operated upon. 

3.2.2 Reset Memory Bit (RMB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Branch on Bit Set Relative (BBS m, Addr, 
DEST) 

This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1 ". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 

3.3 READ-ONLY-MEMORY (ROM) 

The ROM consists of 1 536 bytes (1 .5K) mask programmable 
memory with an address space from FAOO to FFFF. ROM 
locations FFFC through FFFF are assigned for interrupt and 
reset vectors. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 



3.5 SYSTEM CLOCK 

The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is also made available for any external device synchroniza- 
tion at pin 02. 

3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for the Counter, the 
6500 or 8080 Bus Select, and the Interrupt (INT). Its setting 
determines the basic configuration of the device in any ap- 
plication. Initializing this register is one of the first actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 

The use of Counter A Mode Select is shown in Section 6. 

The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. 

The use of Interrupt Select is shown in Section 4.5. 

The use of Bus Mode Select is shown in Sections 4.4 and 
4.5. 
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Figure 3-2. Mode Control Register Bit Altocations 
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lER 



IFR 



ADDR 0012 



ADDR0011 



PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 

PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 

INTERNAL INTERRUPT 
REQUEST. IRQ ENABLE 



EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 
EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 
COUNTER UNDERFLOW 
INTERRUPT ENABLE 



Figure 3-3. Interrupt Enable and Flag Registers 



Table 3-1. Interrupt Enable Signals 



Control Signal 


Description 


lERO 
lER 1 
IER2 
IER3 

IER4 
IER5 


Positive Edge Detect, Interrupt Enable- 
when this bit is true, a positive going sig- 
nal on PAO will generate an IRQ and set 
the corresponding flag bit. 

Negative Edge Detect Interrupt Enable- 
when this bit is set to a "1" a negative 
going signal on PA1 will generate an IRQ 
and set the corresponding flag bit. 

Input Data Register Full Interrupt Ena- 
ble— setting this bit to a "1" allows an 
IRQ to be generated each time the Host 
fills the IDR setting the IDFR bit. 

Output Data Register Full Interrupt Ena- 
ble—when this bit is an interrupt request 
to the Host is generated each time the 
ODRF flag is set to a "1". (See External 
Interrupts, Paragraph 3.7.1). Reading the 
ODR clears INT-1 and ODRF flags. 

Input Data Register Empty Interrupt En- 
able— when this is set to a "1" an inter- 
rupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDRF flag is cleared. 
INT-2 is cleared when the Host reads the 
status flag register. (See External Inter- 
rupts, Paragraph 3.7.1). 

Counter Interrupt Enable— if enabled, an 
IRQ is generated whenever the Counter 
overflows. 



3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or ail of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (lER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that in- 
dicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 001 1 . Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) Instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
001 1 .In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and 7 are indeterminate on a 
Read. 

Each. IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the re- 
spective bit position at location 0012. Individual lER bits may 
be clear ed by writing a "0" in th e respective bit position, or 
by RES. If set to a "1 ", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 



3.7.1 External Interrupts (INT) 

An external interrupt INT to the Host computer rnay be se- 
lected in two modes. (See Section 5 for information oh the 
Host/Device interface). 



OUTPUT DATA REGISTER (ODR) FULL 

When lER 3 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it loads 
the ODR. The ODRF flag of the Status Flag Register and the 
IFR 3 of the IFR will be set to a "1" indicating the ODR is full. 
The ODRF and IFR 3 flags are cleared and INT is negated 
when the Host processor reads the ODR. 



INPUT DATA REGISTER (IDR) EMPTY 

When lER 4 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it reads 
the IDR. The IDRF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to a "1" 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT i§ negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to Indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 

3.8.1 Carry Bit (C) 

The Carry Bit (G) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic if no carry oc- 
curred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY. LSR, PLP, ROL, ROR. RTI, 
and SBC. 

3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 



zero. This bit is cleared to logic when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, -however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY. TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of an in terrupt request (IRQ). If the I Bit is reset to logic 0, 
the_IRQ signal will be serviced. If the bit is set to logic 1 , the 
IRQ signal will be ignored. The C PU w ill set the Interrupt 
Disable B it to logic 1 if a RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 
from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 
tions will also affect the 1 bit. 



B 



NOTES 

(1) Not initialized by RES 

(2) Set to Logic 1 by RES 



-CARRY (C)(1) 

1 = Carry Set 
= Carry Clear 

-Zero (2) (1) 



1 = Zero Result 

= Non-Zero Result 

- INTERRUPT DISABLE (I) (2) 

1 = IRQ interrupt Disabled 

= IRQ Interrupt Enabled 

■ DECIMAL MODE (D) (1) 

1 = Decimal Mode 

= Binary Mode 

BREAK COMMAND (6) (1) 

1 = Break Command 

= Non-Break Command 

■ OVERFLOW (O) (1) 

1 = Overflow Set 

= Overflow Clear 

- NEGATIVE (N) (1) 

1 = Negative Value 
= Positive Value 



Figure 3-4. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction. will set the D bit; the Clear Decimal 
Mode (OLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 

CAUTION 

The Decimal Mode Bit will either set or clear in an un- 
predictable manner upon power application to the de- 
vice. This bit must be initialized to the desired state by 
the user program or erroneous results may occur. 

3.8.5 Break Bit (B) 

The Break BitJB) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1 . If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n ^ 127). 



This indicator only has meaning when signed arithmetic (sign 
and- seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; othenvise the bit is cleared 
to logic 0. The V bit may feilso be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, Is set to logic 1 . If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
structions that effect the state of the Negative Bit are: ADC, 
AND, ASL. BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 



INPUT/OUTPUT PORTS 

The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there are no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 
or all outputs. Port PC, however, may be multiplexed under 
program control with seven other signals. Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal is multiplexed with an external interrupt 
output, INT. All eight Port B lines are tri-state to permit their 
use as a data bus during extended addressing modes. 

The R6500/42, a 64 pin QUIP device, has three additional 
ports: PE, PF, and PG. PE is outputs only. PF and PG are 
bidirectional. 

Internal pull-up resistors (FET's with an impedance range of 
3K ^ Rpu =s 12K ohm) may be provided on ports PA and 
PC and ports PF & PG (R6500/42 only), as a mask option. 

The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the i/0 ports, which simplifies I/O handling. The 
I/O addresses are shown in Table 4-1 . Section E.6 shows 
the I/O Port Timing. 



Table 4-1 . I/O Port Addresses 



PORT 


ADDRESS 


A 


0000 


B 


0001 


C 


0002 


E -] 


0004 


F R6500/42 only 


0005 


G J 


0006 



4.1 INPUTS 

Inputs for Ports A and C, and also Ports F and G of the 
R6500/42, are enabled by loading logic 1 into all I/O port reg- 
ister bit positions that are to correspond to I/O input lines. A 



low (<0.8V) input signal will cause a logic to be read when 
a read Instaiction Is issued to the port regis ter. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all I/O port registers to logic 1 thus initially treating all I/O 
lines as inputs. 

Port B may be all inputs or all outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Control Reg- 
ister to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, and also PF, & PG of the R6500/ 
42. During the Read cycle of a Read/Modify/Write instruction 
the Port I/O register is read. For all other read Instructions 
the port input lines are read. Read/Modify/Write instructions 
are: ASL, BBS, BBR, DEC, INC, LSR. RMB, ROL, ROR, and 
SMB. 

4.2 OUTPUTS 

Outputs for Ports A thru C, and Ports E thru G of the R6500/ 
42, are controlled by writing the desired I/O line output states 
into the corresponding I/O port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic will force 
a low (<0.4V) output. Port B also requires that MCR6 be set 
to a "1" and MCR7 be set to a "0". 

4.3 PORT A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) as a standard parallel 8-bit, bit independent, I/O port, 
or a counter I/O line. Table 4-2 tabulates the control and 
usage of Port A. 

In addition to their normal I/O functions, PAO can detect pos- 
itive going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
status bit in the IFR and generate an interrupt request if the 
respective Interrupt Enable Bit is set. The maximum rate at 
which an edge can be detected is one-half the ^2 clock rate. 
Edge detection timing is shown in Section E.5. 



B 









Table 4-2. Port A Control & Usage 








PAO-PAII/0 


PA2 r/0 


PA2 COUNTER 


PA3-PA7 I/O 




MCRO = 
MCR1 =0 


MCRO = 1 
MCR1 = 


MCRO = X 
MORI = 1 




SIGNAL 


SIGNAL 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA0(1) 
PA1(2) 


I/O 

I/O 


PA2 


I/O 


CNTR 


OUTPUT 


CNTR 


INPUT (3) 


PA3-PA7 


I/O 



(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT 
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4.4 PORT B (PB) 

Port B can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B Is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to (zero) and bit 6 of the MCR to 
1. An all inputs condition is created by setting both MCR6 
and MCR7 to (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PB0-PB7 serves as data register bits D0-D7. When Port B 
is selected to operate in the Multiplexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
A1 1, respectively. Refer to the Memory Maps (Appendix B) 
for Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 

4.5 PORT C (PC) 

Port C can be programmed as an I/O port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 



When used in the abbreviated or multi plexe d bus modes, 
PC0-PC5 function as AQ -A3, R/W, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OF FF. (S ee Memory Map, 
Appendix C). The leading edge of EMS may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. 



4.6 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/42 ONLY 

Port E only operates in the Output mode. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional I/O ports. They have standard out- 
put capability. See Appendix E.3 through E.5 for Port E, F 
& Port G timing. 



Table 4-3. Port B Control & Usage 



T 


-f 








ABBREVIATED 






i/i 




I/O MODES 


MODE 


MULTIPLEXED MODE 


MCR7 = 


MCR7 = 


MCR7 - 1 


MCR7 = 1 


r 


r 


MCR6 = 


MCR6=1 


MCR6 = 


MCR6 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


PHASE 1 


PHASE 2 


PIN 

# 


PIN 

# 


NAME 


TYPE 
(1) 


NAME 


TYPE 
(2) 


NAME 


TYPE 
(3) 


SIGNAL 


SIGNAL 


NAME 


TYPE (2) 


NAME 


TYPE (3) 


30 


49 


PEG 


INPUT 


PBO 


OUTPUT 


DO 


I/O 


A4 


OUTPUT 


DO 


I/O 


31 


50 


PB1 


INPUT 


PB1 


OUTPUT 


D1 


I/O 


A5 


OUTPUT 


D1 


I/O 


32 


51 


PB2 


INPUT 


PB2 


OUTPUT 


D2 


I/O 


A6 


OUTPUT 


D2 


I/O 


33 


52 


PB3 


INPUT 


PB3 


OUTPUT 


D3 


I/O 


A7 


OUTPUT 


D3 


I/O 


34 


53 


PB4 


INPUT 


PB4 


OUTPUT 


D4 


I/O 


A8 


OUTPUT 


D4 


I/O 


35 


54 


PB5 


INPUT 


PBS 


OUTPUT 


D5 


I/O 


A9 


OUTPUT 


D5 


I/O 


36 


55 


PB6 


INPUT 


PB6 


OUTPUT 


D6 


I/O 


A10 


OUTPUT 


D6 


I/O 


37 


56 


PB7 


INPUT 


PB7 


OUTPUT 


D7 


I/O 


All 


OUTPUT 


D7 


I/O 



(1) TRI-STATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TRI-STATE BUFFER IS IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 









Table 4-4. Port C Control & Usage 








/ 


/ 




ABBREVIATED 


MULTIPLEXED 


// 


// 


I/O MODE 


MODE 




MODE 


MCR7 = 


MCR7 = 1 




MCR7 = 1 


MCR6 = X 


MCR6 = 




MCR6 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


PIN 


PIN 




TYPE 




TYPE 






TYPE 


# 


# 


NAME 


(1) 


NAME 


(2) 


NAME 




(2) 


13 


16 


PCO 


I/O 


AO 


OUTPUT 


AO 




OUTPUT 


14 


17 


PCI 


I/O 


A1 


OUTPUT 


A1 




OUTPUT 


15 


18 


PC2 


I/O 


A2 


OUTPUT 


A2 




OUTPUT 


16 


19 


PC3 


I/O 


A3 


OUTPUT 


A3 




OUTPUT 


17 


20 


PC4 


I/O 


EMS 


OUTPUT 


EMS 




OUTPUT 


18 


21 


PCS 


I/O 


R/W 


OUTPUT 


R/W 




OUTPUT 


19 


22 


PC6* 


I/O 


INT* 


OUTPUT 


INT* 




OUTPUT 



(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN 

(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 



*PC6 if MCR5 = 0; INT if MCR5 = 1 
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SECTIONS 
HOST INTERFACE BUS 



Two way data transfers are performed between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Table 5-1 shows the Host addressing matrix. A 
hardware Interrupt procedure and a software polling proce- 
dure is available to control data traffic between the CPU and 
Host. 

Table 5-1 . Host Addressing Matrix 



RS(Ao) 


READ 


WRITE 


1 


HOST 
STATUS FLAG 


COMMAND 
INPUT 





DATA REG 
OUTPUT 


DATA REG 
INPUT 



5.1 DATA REGISTERS 

The device has an 8-blt Input Data Register (IDR) and an 
8-bit Output Data Register (ODR), The IDR senses as a tem- 
porary storage for commands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 

• CS Is asserted 

• RS (AO) indicates command input or data input. 

• The contents of the host data bus (HB0-HB7) are copied 
into the IDR when the appropriate Host bus write signals 
are asserted. 

The ODR serves as a temporary storage for data from the 
device to the Host. When the Host is reading data from the 
device, the following conditions are in effect: 

• CS is asserted 

• RS (AO) input selects ODR or HSFR 

• The contents of ODR or the Flag Register are placed on 
the host data bus (HB0-HB7) when the appropriate Host 
read signals are asserted. 

5.2 HOST STATUS FLAG REGISTER 

A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the host computer and the device. 

The Host Status Flag Register contains 8 flag bits that can 
be read at anytime by either the Host or the device. See Fig- 
ure 5-1. General purpose flags F2 through F6 are serviced 
by the device in either read or write modes and monitored 
by the Host (Read Only). 

Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the AO (RS) input signal during any 



host write data exchange. The device can write to the F1 flag 
at any time. 

The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODRF sets the device Interrupt Status Register IFR3 flag. 
An Output Interrupt (INT) may be generated under program 
control by setting iER3 in the interrupt enable register. The 
ODRF flag is reset only by a hardware reset or by the host 
performing a read on the output data register. The ODRF 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of th e 
IFR3 flag and thus the reset of the external interrupt (INT). 

The IDRF (Input Data Register Full) flag is set following the 
conclusion of any host write data exchange. The setting of 
the IDRF causes IFB2 of the device status register to be set. 
An internalinterrupt may be generated under program con- 
trol by setting IER2 in the Interrupt Enable Register. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
duhng device read of the input data register. IFR2 sets and 
I FR4 resets following the reset of IDRF. IFR4 may generate 
an external output interrupt (INT, input buffer empty), under 
program control by setting. IER4 in the interrupt enable 
register. 

The Host Status Flag Register is cleared by the RES input. 




HOST STATUS FLAG REGISTER 



HSFR 



f6 



F5 



F4 



F3 






ADDR 001 E 



GENERAL PURPOSE 
FLAGS STATUS REGISTER 



INPUT DATA 

REGISTER 

FULLFLAG 

OUTPUT DATA 

REGISTER 

FULL FLAG 
COPIES RS ON 
WRITE FROM HOST 



Figure 5-1. Host Status Flag Register Bit Allocation 
5.3 HOST COMPUTER INTERFACE 

The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
2 control lines and an 8 bit three state data bus. Internal logic 
of the device, controlled by MCR4, configures, the address 
and two control lines to either a 6500 or 8080 operational 
methodology. The interface is completely asynchronous and 
will work with a Host Computer up to a 5 MHz bus transfer 
rate. The device clock input frequency need not be the same 
as the Host's. A mode control register is set to match the 
interface to that of the Host device as follows: 
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MCR4 = When MCR4 is set to a logic zero, the IPC is 
configured to operate on a 6502/6800 type host bus. In 
this mode, the E input is connected to the host transfer 
strobe (VMA or 02 for 6800, 02 for 6500) and the R/VV 
input is connected to the host microprocessor R/W output 
line. Figure 5-3 and Table 5-2, together, specify the rel- 
evant timing for read and write cycles on this type of host 
bus. 

Table 5-2. Host Interface 
Timing Characteristics BSEL = (6500) 



IVICR4 == 1 When MCR4 is set to a logic one, the IPC is 
configured for operation on an 8080/Z80 type bus. In this 
mode, the RD input is used as a read strobe and the WR 
input is connected to the write strobe of the host micro- 
processor bus. Figure 5-4 and Table 5-3 show the rele- 
vant timing characteristics for this mode of operation. 



Table 5-3. Host Interface 
Timing Characteristics BSEL = l (8080) 



CHARACTERISTICS 
1 AND 2 MHz 


SYMBOL 


MIN 


MAX 


CS. R/W. RS Setup Time 


tcs 


10 


— 


Access Time 


toA 


— 


90* 


Data Hold Time 


toHR 


10 


_ 


Control Hold Time 


tHC 


10 


— . 


Write Data Setup Time 


twos 


75 


•, — ' 


Write Data Hold Time 


toUw 


10 


— 


Write Stroke Width 


t„« 


75 


— 



CHARACTERISTICS 
1 AND2MH 


SYMBOL 


MIN 


MAX 


CS. AO Setup Time 


tcs 


10 


— 


Data Access Time on Read 


toA 


— 


90* 


Data Hold Time 


toHH 


10 


_ 


Control H6ld Time 


tHC 


10 


— 


Write Data Setup Time 


twos 


75 


_ 


Write Data Hold Time 


toHW 


10 


— 


Write Stroke Width 


twR 


75 


— 



•NOTE: 

90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf -i- 1 TTL LOAD. 



•NOTE: 

90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf + 1 TTL LOAD. 



TCS -*H 

cs — ^ 

TCS -^ 


EAO 


V 

TCS _». 


miTE 






/ \ 


y 


♦- 


«.THC 

TCS -^ 


-»- 


U~THC 


^'m/m. 




im//m//mwm 




W/MM/, 

U-THC . ■ ■ 


TCS -». 


, "* 


* THC 


-" 


E 


- 


N/!''^^'^'^''/'/^/^W/y/j 


■.m/mk ' 


*THC 1 
TWR 


-* 


H" THC 


/-^^ 


\ 
TOA 




TWOS 


t 


U- TDHW 




{ mi 

U-TDHR 



Figure 5-3. Timing Diagram- 


-Host InterNice (MCR4 


1 = 0) (6500 Version) 


res ^ 
c-s -^ 

TCS-*. 

. « wm 


lEAD 


TCS -W 


WRITE 




/ \ 


/ 


■ ■ -W 


U-THC 

TCS -*-l 


\ 1 


U-THC 
l-^THC 




mjjM////i///im 

TWR 


-» 




TDA 








T^ 


VDS 


'r-*- TDHW 




Tij 


U- TDHR 



Figure 5-4. Timing Diagram — Host Interface (MCR4 = 1) (8080 Version) 
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SECTION 6 
COUNTER/TIMERS 



The device contains a 1 6-bit counter and a 1 6-bit latch as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 

Counter 

• Pulse width measurement 

• Pulse Generation 

• Inten/al Timer 

• Event Counter 



Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter Input/output line, PA2 is selected for Counter I/O. 



6.1 COUNTER 

The Counter consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter (LC), Upper Counter 
(DC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001 A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFR5). 



The 1 6-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 001 A. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 

The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to "1". This bit may be cleared by reading the Lower 
Count er at location 0019, by writing to address location 0019, 
or by RES. 



The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
Register. 



MCR1 
(bill) 


MCRO 
(bit 0) 


Mode 





1 
1 



1 

1 


Interval Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 



B 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line (PA2). 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer Mode 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 9, the 
Counter is loaded with the Latch value. Note that the 
contents of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore Vs to 65.535 
m? at the 1 MHz 02 clock rate or 0.5/>tS to 32.767 ms at the 
2 MHz 02 clock rate. Time inten/als greater than the maxi- 
mum Counter value can be easily nneasu red by counting IRQ 
interrupt requests in the counter IRQ interrupt routine. 

When the Counter decrements from 0000, the Counter IJ n- 
derfloNA/ {IFR5) is set to logi c 1 . If the Counter Interrupt Enable 
Bit (IER5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Underflow bit in the Interrupt Flag Reg- 
ister can be exam ined in the IRQ interrupt routine to deter- 
mine that the IRQ was generated by the Counter Underflow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA I/O. 

A timing diagram of the Interval Timer Mode is shown in Fig- 
ure 6-1. 
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Figure 6-1 . Interval Timer Timing Diagram 



6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the PA2 line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter Underflow occurs, or a write 
is performed to address 0019. . , 

The normal output waveform is a symmetrical square-wave. 
The PA2 output is initialized high when entering the mode 
and transitions low when writing to 0019. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode PA2 is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
tected is one-half the ^2 clock rate. 

The Counter can count up to 65,535 occurrences before un- 
derflowing. As in the other modes, the Counter Underflow bit 
(IER5) is set to logic 1 if the underflow occurs. 

Figure 6.2 is a timing diagram of the Event Counter Mode. 



02 

CNTR 

COUNT 


- 1 




N-1 1 


N2 


L_ 


f2.0V 2.0V -^ 0.8V -/-0.8V 


^ 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the PA2 line. The Counter decrements by one 
count at the 02 clock rate as long as the PA2 line is held in 
the low state. The Counter is stopped when PA2 is in the 
high state. . 

The Counter underflow flag will be set only when the, count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the PA2 pin is held low. After the counter is 
stopped by a high level on PA2, the count will hold as long 
as PA2 remains high. Any further low levels on PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
ofPA2. 
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Figure 6-2. Event Counter Mode 
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SECTION? 
POWER ON/INmALIZATION CONSIDERATIONS 



7.1 POWER ON TIMING 

After application of VCC power to the device, RES must be 
held low for at least eight stable 02 clock cycles after Vcc 
reaches operating range. 

Figure 7-1 illustrates the power turn-on waveforms. External 
clock stabilization tirhe is typically 20ms. 



Table 7-1 . RES Initialization of I/O Ports and Registers 



-__.,p*.A/^vwW\AAAAAJlllJ¥l^ 

!<*- Clock StaWlixallon Tim* _*-| 

[^ S /2 Clock Cye(«»Mln mA 



Figure 7-1. Power Turn-On Timing Detail 



7.2 POWER-ON RESET 

The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit— bit 2 of the Processor 
Status Register — and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. All of the 
I/O ports will be initialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing the Interval 
Timer counter mode to be selected and causing all interrupt 
enabled bits to be reset. 



7.3 RESET (RES) CONDITIONS 

When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be set as 
shown in Table 7-1. 



niT MH , ^ 


7 


6 


5 


4 


3 


2 


1 







REGISTERS 


















Processor Status 


-^ 


— 


— 


— 


— 


1 


— 


^^■' 


Mode Control (MCR) 


























Int. Enable (lER) 


























Int. Flag (IFR) 











1 














Host Status Flag 


























Input Data 


























Output Data 


























PORTS 


















PA Latch 
















1 


PB Latch 
















1 


PC Latch 
















1 


PE Latch 1 
















1 


PF Latch ^6S°p/^2 
PG Latch J °"'y 
















1 
















1 




All RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern. 

7.4 INITIALIZATION 

Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an Initialization 
routine should be executed to perform (as a minimum) the 
following functions: 

1 . The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls and Counter as required 

5. Clear Interrupts. 

A typical Initialization routine could be as follows: 



LDX 

TXS 
CLD 
SEC 



CLI 



Load stack pointer starting address into 

X Register 

Transfer X Register value to Stack Pointer 

Clear Decimal Mode 

Set Carry Flag 

Set-up Mode Control, 

Counter, special function 

registers and Clear RAM as required 

Clear Interrupts 
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APPENDIX A 
EXPANDED R6502 INSTRUCTION SET 



This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcomputer 
System Programming Manual, Document 29650 N30. 



The four instructions notated with a * are added instructions for 
the IPC devices which enhance the standard 6502 Instruction 
set. 



A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 



MNEMONIC 


INSTRUCTION 


MNEMONIC 


INSTRUCTION 


ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


"AND " Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 






LSR 


Shift One Bit Right (Memory or 
Accumulator) 


*BBR 


Branch on Bit Reset Relative 






'BBS 


Branch on Bit Set Relative 






BCC 


Branch on Carry Clear 


NOP 


No Operation 


BCS 


Branch on Carry Set 




•• • , .■••:,^ 


BEQ 


Branch on Result Zero 






BIT 


Test Bits in Memory with Accumulator 


ORA 


"OR" Memory with Accumulator 


BMI 


Branch on Result Minus 






BNE 


Branch on Result not Zero 






BPL 


Branch on Result Plus 


PHA 


Push Accumulator on Stack 


BRK 


Force Break 


PHP 


Push Processor Status on Stack 


BVC 


Branch on Overflow Clear 


PLA 


Pull Accumulator from Stack 


BVS 


Branch on Overflow Set 


PLP 


Pull Processor Status from Stack 


CLC 


Clear Carry Flag 


*RMB 


Reset Memory Bit 


CLD 


Clear Decimal Mode 


ROL 


Rotate One Bit Left (Memory or 


CLI 


Clear Interrupt Disable Bit 




Accumulator) 


CLV 


Clear Overflow Flag 


ROR 


Rotate One Bit Right (Memory or 


CMP 


Compare Memory and Accumulator 




Accumulator) 


CPX 


Compare Memory and Index X 


RTI 


Return from Intermpt 


CPY 


Compare Memory and Index Y 


RTS 


Return from Subroutine 


DEC 


Decrement Memory by One 


SBC 


Subtract Memory from Accumulator with 


DEX 


Decrement Index X by One 




Borrow 


DEY 


Decrement Index Y by One 


SEC 


Set Can-y Flag 






SED 


Set Decimal Mode 






SEI 


Set Interrupt Disable Status 


EOR 


"Exclusive-Or Memory with 


*SMB 


Set Memory Bit 




Accumulator 


STA 


Store Accumulator in Memory 






STX 


Store Index X in Memory 






STY 


Store Index Y in Memory 


INC 


Increment Memory by One 






INX 


Increment Index X by One 






INY 


Increment Index Y by One 


TAX 


Transfer Accumulator to Index X 






TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 


JMP 


Jump to New Location 


TXA 


Transfer Index X to Accumulator 


JSR 


Jump to New Location Saving Return 


TXS 


Transfer Index X to Stack Register 




Address 


TYA 

1 


Transfer Index Y to Accumulator 
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f 



MNEMONIC 


OPERATION 


ADDRESSING MODE 


raOCESSOR STATUS 

cooet 


IMMEDIATE 


ABSOLUTE 


ZERO PAGE 


ACCUM. 


IMPUED 


(WD.X) 


(IHD).Y 


Z. PAGE. X 


jp^j 


«s.» 


RELATIVE 


INDIRECT 


Z. PAGE. V 


NT ADDRESSING {OP BY err #) | 


7 « S 4 3 2 1 • 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


#■ 


OP 


rt 





OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 





1 


2 


3 


4 


5 


6 


7 


N V . 


8 D 1 Z C 1 


ADC 


A+M+C-A (4H1) 


69 


T 


T 


6D 


T 


3 


65 


"3" 


2 












"~ 


61 


T 


T 


71 


T 


T 


75 


4 


T 


70 


T 


T 


79 


4 


T 




































N V . 




Z C 


AND 


A M-A {%) 


29 


2 


2 


2D 


4 


3 


25 


3 


2 














21 


6 


2 


31 


5 


2 


35 


4 


2 


3D 


4 


3 


39 


4 


3 




































N • • 




Z - 


ASL 


c^ 1 7 e\^ 








0E 


6 


3 


06 


5 


2 


0A 


2 


1 




















16 


6 


2 


IE 


7 


3 










































N • • 




Z C 


BBR|#(0-7)) 


Branch on M,=0 (5) 
















































































OF 


IF 


2F 


3F 


4F 


5F 


6F 


7F 










BBS(#{fl-7)l 


BraifKhonM,= 1 (5) 
















































































8F 


9F 


AF 


M" 


CF 


DF 


EF 


FF 










BCC 


Branch on C=0 (2) 






























































90 


2 


2 






































8CS 


Brar)ch(KiC==f (2) 






























































80 


2 


2 






































BEQ 


Branch on Z= 1 (2) 






























































FO 


2 


2 






































BIT 


A M 








2C 


4 


3 


24 


3 


2 














































































M, 1^ 








BMI 


Branch on N=1 (2) 






























































30 


2 


2 






































BNE 


Branch on Z=0 (2) 






























































DO 


2 


2 






































BPL 


Branch on N=0 (2) 






























































10 


2 


2 






































BflK 


Break. 


























00 


7 


1 










































































BVC 


Branch on V=0 (2) 






























































50 


2 


2 






































BVS 


Branch on V=l (2) 






























































70 


2 


2 






































CLC 


0-C 


























18 


2 


1 










































































OLD 


0— D 


























D8 


2 


1 










































































CLI 


0-1 


























58 


2 


1 










































































CLV 


0-«V 


























B8 


2 


1 










































































CMP 


A-M 


C9 


2 


2 


CD 


4 


3 


C5 


3 


2 














CI 


6 


2 


D1 


5 


2 


D5 


4 


2 


DD 


4 


3 


D9 


4 


3 




































N ■ 




Z c 


CPX 


X-M 


E0 


2 


2 


EC 


4 


3 


E4 


3 


2 














































































N . 




z c 


CRY 


Y-M 


C0 


2 


2 


CC 


4 


3 


C4 


3 


2 














































































N . 




z c 


DEC 


M-l-M 








CE 


6 


3 


C6 


5 


2 


























D6 


6 


2 


OE 


7 


3 










































N . 






DEX 


X-1-X 


























CA 


2 


1 


































































N • 






DEY 


Y-1-.Y 


























88 


2 


1 


































































N • 




z • 


EOR 


AVM-A (1) 


49 


2 


2 


4D 


4 


3 


45 


3 


2 














41 


6 


2 


51 


5 


2 


55 


4 


2 


5D 


4 


3 


59 


4 


3 




































N . 




z • 


INC 


M+l-M 








EE 


6 


3 


E6 






























F6 


6. 


2 


FE 


7 


3 










































N . 




z • 


INX 


X+1-X 


























EB 


2 


1 


































































N . 




z . 


INY 


Y+1— Y 


























C8 


2 


1 


































































N ■ 




. z . 


JMP 


Jump to New Loc 








4C 


3 


3 
























































6C 


5 


3 






























JSR 


Jump Sub 








as 


6 


3 


























































































LDA 


M-A (1) 


A9 


2 


2 


AD 


4 


3 


f^ 


3 


2 














A1 


6 


2 


B1 


5 


2 


B5 


4 


2 


BD 


4 


3 


B9 


4 


3 




































N . 






LDX 


M-X (1) 


A2 


2 


2 


AE 


4 


3 


A6 


3 


2 






































BE 


4 


3 














B6 


4 


2 


















N . 






-LDY 
LSR 


M-Y (1) 


A0 


2 


2 


AC 
4E 


4 
6 


3 
3 


A4 
46 


3 

5 


2 
2 


4A 


2 


1 




















B4 
56 


4 
6 


2 
2 


BC 
5E 


4 
7 


3 
3 










































N • 
• 






0-}> {Jl-C 


nop: 


No Operation 
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ORA 


AVM-A 


09 
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2 


0D 
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3 


05 


3 


2 














01 
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2 


t1 
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2 


15 


4 


2 


10 
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3 


19 
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PHA 


A-Ms S-1-S 


























48 


3 


1 








































































PHP 


P— Ms S-1— S 


























08 
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1 








































































PLA 


S*i^S Ms-A 


























66 
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5 


2 
2 


2A 
6A 


2 
2 


1 


40 


6 


1 














36 
76 


6 
6 


2 

2 


3E 
7E 


7 
7 


3 
3 










































N • 
N • 


• • • • Z C 
. . . • Z C 

(Restored) 


Hcl— *' flP- 


Fttm tnti 


RTS 


Rtrn Sub 


























60 


6 


1 








































































SBC 


A-M-C-A (1) 


E9 


2 


2 


ED 


4 


3 


E5 


3 


2 














El 


6 


2 


F1 


5 


2 


F5 


4 


2 


FD 


4 


3 


F9 


4 


3 




































N V 




• Z (3)1 


SEC 


1-C 


























38 


2 


1 








































































. 1 


SED 


1-D 


























F8 


2 


1 










































































SEI 


l-T 


























78 


2 


1 










































































SMBI#(0-7)1 


1-M. (5) 
















































































87 


97 


A7 


B7 


C7 


D7 


E7 


F7 










STA 


A—M 








8D 


4 


3 


85 


3 


2 














81 


6 


2 


91 


6 


2 


95 


4 


2 


9D 


5 


3 


I , 


5 


3 












































STX 


X-M 








8E 


4 


3 


86 


3 


2 
























































96 


4 


2 


























STY 


Y— M 








8C 


4 


3 


84 


3 


2 


























94 


4 


2 
























































TAX 


A— X 


























AA 


2 


1 


































































N • 




. z . 


TAY 


A—Y 


























A8 


2 


1- 


































































N • 




. z ■ 


TSX 


S-X 


























BA 


2 


1 


































































N - 




. z . 


TXA 


X-A 


























8A 


2 


1 


































































N . 


1. . . 


. z • 


TXS 


X-S 


























9A 


2 


1 








































































TYA 


Y-.A 


























96 


2 


1 
















_ 


















































N : . . . . z vi 



3D 
0> 
Oi 
O 



» 



(11 



10 



o 

3 
I 

o 



NOTES 

1 . Add 1 to N rf page boundary is crossed 

2. Add 1 to N if branch occurs to aaitm page 
Add 2 to N if branch occurs to cNfferent page 

3. Carry not = Borrow 

4. Jf in (tocimai mode Z (lag is invalM 
accunHjIator must be <^>ecked on zero result. 

5. Effects 8-bit data field of the specified zero page address. 



LEGEND 

X = Index X 

Y = Index Y 

= Aocumutator 

= Memoiy per effMive 

= Memory per ^ack 

= Selecter zero page 

= Memory Bit 7 



A 
M 
M. 
M, 

Mr 



memory t>it 



= MemoryBite 

= Add 

= Subtract 

= And 

= Or 

= ExduaiveOr 

= Numt>er of cycles 

= Number of e^tes 



CO 
(D 



■5" 

i 

O 

3 
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A.3 INSTRUCTION CODE MATRIX 



BRK 

Implied 

1 7 



—OP Code 

— Addressing Mode 

— Instruction Bytes; Machine Cycles 



LSD 



BRK 

Implied 

1 7 


ORA 

(IND.X) 

2 6 








ORA 
ZP 
2 3 


ASL 
ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 

1 2 






ORA 
ABS 
3 4 


ASL 
ABS 
3 6 


BBRO 

ZP 
3 5" 


BPL 
Relative 
2 2" 


ORA 
(IND). Y 
2 5* 








ORA 
ZP, X 
2 4 


ASL 
ZP, X 
2 6 


RMB1 
ZP 
2 5 


CLC 

Implied 

1 2 


ORA 
ABS.Y 
3 4* 








ORA 
ABS, X 
3 4* 


ASL 

ABS,X 

3 7 


BBR1 

ZP 

3 5" 


JSR 

Absolute 

3 6 


AND 

(IND, X) 

2 6 






BIT 
ZP 

2 3 


AND 
ZP 
2 3 


ROL 
ZP 
2 5 


RMB2 
ZP 
2 5 


PLP 

Implied 

1 4 


AND 
IMM 
2 2 


ROL 
Accum 
12 




BIT 
ABS 
3 4 


AND 
ABS 

3 4 


ROL 
ABS 
3 6 


BBR2 

ZP 
3 5" 


BMI 
Relative 
2 2" 


AND 

(IND. Y) 

2 5* 








AND 
ZP,X 
2 4 


ROL 
ZP.X 
2 6 


RMB3 
ZP 
2 5 


SEC 

Implied 
1 2 


AND 
ABS, Y 

3 4- 








AND 
ABS,X 
3 4- 


ROL 

ABS,X 

3 7 


BBR3 

ZP 
3 5" 


RTI 

Implied 

1 6 


EOR 

(IND.X) 
2 6 








EOR 
ZP 

2 3 


LSR 
ZP 
2 5 


RMB4 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 
Accum 
^ 2 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 


BBR4 

ZP 
3 5" 


BVC 
Relative 
2 2" 


EOR 
(IND). Y 
2 5* 








EOR 
ZP, X 
2 4 


LSR 
ZP, X 
2 6 


RMB5 
ZP 
2 5 


CLI 

Implied 

1 2 


EOR 
ABS, Y 

3 4' 








EOR 
ABS. X 
3 4* 


LSR 

ABS, X 

3 7 


BBR5 
ZP 

3 5" 


RTS 

Implied 

1 6 


ADC 

(IND. X) 

2 6 








ADC 
ZP 
2 3 


ROR 
ZP 

2 5 


RMB6 
ZP 
2 5 


PLA 

Implied 

1 4 


ADC 
IMM 
2 2 


ROR 
ACcum 
1 2 




JMP 
Indirect 
3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 


BBR6 
ZP 

3 5** 


BVS 
Relative 
2 2" 


ADC 

(IND. Y) 

2 5* 








ADC 
ZP, X 

2 4 


ROR 
ZP, X 

2 6 


RMB7 
ZP 
2 5 


SEI 
Implied 
1 2 


ADC 
ABS, Y 

3 4" 








ADC 
ABS, X 
3 4* 


ROR 

ABS, X 

3 7 


BBR7 

ZP 
3 5" 




STA 

(IND. X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 
2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 

1 2 




TXA 

Implied 

1 2 




STY 
ABS 
3 4 


STA 
ABS 
3 4 


STX 
ABS 
3 4 


BBSO 

ZP 
3 5" 


BOG 
2 2" 


STA 

(IND. Y) 

2 6 






STY 
ZP. X 
2 4 


STA 
ZP, X 
2 4 


STX 
ZP, Y 

2 4 


SMB1 
ZP 
2 5 


TYA 

Implied 

1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied 

1 2 






STA 

ABS.X 

3 5 




BBS1 

ZP 

3 5- 


LDY 
2 2 


LDA 

(IND, X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
ZP 

2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
2 5 


TAY 

Implied 

1 2 


LDA 
IMM 
2 2 


TAX 

Implied 

1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 

ZP 
3 5" 


BOS 
Relative 
2 2" 


LDA 

(IND). Y 

2 5* 






LDY 
ZP,X 
2 4 


LDA 
ZP, X 
2 4 


LDX 
ZP.Y 
2 4 


SMB3 
ZP 
2 5 


CLV 

Implied 

1 2 


LDA 
ABS, Y 

3 A' 


TSX 

Implied 

1 2 




LDY 
ABS. X 
3 4* 


LDA 
ABS. X 
3 4* 


LDX 
ABS, Y 
3 4" 


BBS3 

ZP 
3 5** 


CPY 
IMM 
2 2 


CMP 

(IND, X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 
1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 

ZP 
3 5" 


BNE 
Relative 
2 2" 


CMP 

(IND). Y 

2 5* 








CMP 
ZP, X 
2 4 


DEC 
ZP, X 
2 6 


SMB5 
ZP 
2 5 


CLD 

Implied 

1 2 


CMP 
ABS, Y 
3 4* 








CMP 
ABS, X 
3 4* 


DEC 

ABS, X 

3 7 


BBSS 

ZP 
3 5" 


CPX 
IMM 
2 2 


SBC 

(IND.X) 

2 6 






CPX 
ZP 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 
2 5 


SMB6 
ZP 
2 5 


INX 

Implied 

12 


SBC 
IMM 
2 2 


NOP 

Implied 

1 2 




CPX 
ABS 
3 4 


SBC 
ABS 
3 4 


INC 
ABS 
3 6 


BBS6 

ZP 
3 5" 


BEQ 
Relative 
2 2" 


SBC 
(IND). Y 
2 5* 








SBC 
ZP, X 

2 4 


INC 
ZP.X 
2 6 


SMB7 
ZP 
2 5 


SED 

Implied 

1 2 


SBC 
ABS.Y 
3 4* 








SBC 
ABS, X 
3 4* 


INC 

ABS. X 

3 7 


BBS7 

ZP 
3 5" 



*Add 1 to N If page boundary is crossed. 
'*Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 



3-242 



R6500/41 and R6500/42 



One-Chip Intelligent Periplieral Controllers 



APPENDIX B 
KEY REGISTER SUMMARY 



CPU Registers 



Processor Status Register 









A 


1 















Y 


1 















X 




15 








1 


PCH 




PCL 


















SP 














l"|v| 


lelol. 


l^hl 



ACCUMULATOR A 

INDEX REGISTER Y Y 

INDEX REGISTER X X 

PROGRAM COUNTER PC 

STACK POINTER S 

PROCESSOR STATUS REG P 



Mode Control Register 



Carry S«t 
Carry Clear 



- INTERRUPT DISABLE (I) (2) 

1 IRQ Intarrupt DiMblad 

- IRQ Intarrupt EnabM 

- DECIMAL MODE (D) (1) 

1 - Decimal Mods 




- BREAK COMMAND (B) (1) 



- OVERFLOW (O) (1) 
1 ^ Ovarflow Sat 



NOTES 

(1) Not initlalizad by RES 

(2) Sat to Logic 1 by RES 



- NEGATIVE (N) (1) 

1 -= Nagativa Valua 
^ Poaltiva Valua 



BUS SELECT 

- 6500/6800 BUS 

1 ZSO^SOeO BUS 



INTERVAL TIMER 

1 PULSE GENERATOR 

EVENT COUNTER 

1 PULSE WIDTH MEASUREMENT 



Interrupt Enable and Flag Registers 



INT SELECT 

PC6 

— I 1 INT 

PORT B ALL INPUTS 

1 PORT B ALL OUTPUTS 

ABBREVIATED BUS MODE 

1 MULTIPLEXED BUS MODE 



Host Status Flag Register 



HSFR F6 F5 



INPUT DATA REGISTER 
FULL FLAG 



A0DR0011 



PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 



PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 
INTERNAL INTERRUPT 
REQUEST, IRQ ENABLE 



EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 



EXTERNAL INTERRUPT REQUEST 2. 
INT-2 ENABLE 



COUNTER UNDERFLOW 
INTERRUPT ENABLE 



OUTPUT DATA REGISTER 
FULL FLAG 



Host Addressing Matrix 



COPIES RS ON 
WRITE FROM HOST 



GENERAL PURPOSE 
FLAGS STATUS REGISTER 



RS(Ao) 


READ 


WRITE 


1 


HOST 
STATUS FLAG 


COMMAND 
INPUT 





DATA REG 
OUTPUT 


DATA REG 
INPUT 
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APPENDIX C 
MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS 

C.I ABBREVIATED BUS MODE MEMORY MAP 



FFFC 
FFFB 



BIS (ACTIVE LOW) 



007F 

I 

0040 



001 F 

I 



ZONE FOR 16 
PERIPHERAL 
DEVICE 
ADDRESSES* 



INTERNAL RAM 
(64 BYTES) 



UNASSIGNEO 



INTERNAL 
REGISTERS 



INTERNAL 

I/O PORTS A, B, C 



0006 

t 

0004 
0O02 

I 

0000 



C.2 MULTIPLEXED BUS MODE MEMORY MAP 



FFFE 
FFFC 
FFFB 



007F 

t 

0040 



EXTERNAL 
MEMORY 
4096-128 BYTES 
MULTIPLEXED 
DATA AND ADDRESS 
BUS 



INTERNAL RAM 
(64 BYTES) 



UNASSIGNEO 



*R6500/42ONLY 



INTERNAL 

I/O PORTS A. B. C 



*R6500/42 ONLY 
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C.3 I/O AND INTERNAL REGISTER ADDRESSES 



ADDRESS 


READ 


WRITE 


001 F 


-^, — ■ . 


'■ ■ ' • 


IE 
ID 


Host Status Flag Register 


Host Status Flag Register 


1C 


Input Data Register (IDR) 


Output Data Register (ODR) 


IB 


, . 





1A 


Lower Counter 


Lower Latch 


19 
18 


Lower Counter & Clear Flag (IFR5) 
Upper Counter 


Upper Latch/Transfer Latch to Counter & Clear Flag {IFR5) 
Upper Latch 


17 
16 
15 


-- 








, . 


14 


Mode Control Register 


Mode Control Register 


13 








12 
11 
10 


Interrupt Enable Register 
Interrupt Flag Register 
Read"FF" 


Interrupt Enable Register 
Clear Int Flag Bit 


OF 
OE 





; II . 


00 
OC 


■ 


— 


OB 





■ ■ 


OA 
09 





— ■ 


08 





— 


07 


■ 


■ ■ ■■■ _ 


06 
05 
04 


Port G (R6500/42 only) 
Port F (R6500/42 only) 
Port E (R6500/42 only) 


Port G (R6500/42 only) 
Port F (R6500/42 only) 
Port E (R6500/42 only) 


03 








02 


Porte 


PortC 


01 


Port B 


PortB 


00 


Port A 


Port A 



C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS 



PIN NUMBER 
R6500/41 R6500/42 


I/O 
FUNCTION 


ABBREVIATED PORT 
FUNCTION 


MULTIPLEXED PORT 
FUNCTION 


13 16 

14 17 

15 18 

16 19 


PCO 
PCI 
PC2 
PC3 


AO 
A1 
A2 
A3 


AO 

A2 
A3 


17 20 

18 21 

19 22 


PC4 

PCS 

PC6/INT 


R/W 

EMS 

PC6/INT 


R/W 

EMS 

PC6/INT 


30 49 

31 50 

32 51 

33 52 


PBO 
PB1 
PB2 
PB3 


DO 
01 
02 
03 


A4/D0 
AS/D1 
A6/02 
A7/03 


34 53 

35 54 

36 55 

37 56 


PB4 
PBS 
PB6 
PB7 


04 
OS 
06 
07 


A8/04 
A9/0S 
A10/06 
A11/D7 
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MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Operating Temperature 
Commercial 


Ta 


to + 70 


^C 


Storage Temperature 


"•"STG 


-55 to +150 


°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



DC CHARACTERISTICS 

(Vcc = 5V ±50/0, Vss = 0) 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Units 


Power Dissipation (Outputs High) 
Commercial O^C to +70°C 


Pd 


■■ -.- 


500 


' —■:■ ■ 


mW 


Input High Voltage (Normal Operating Levels) 


v,H., ;,■■-• 


+ 2.0 


' —.:•,■ .v: 


Vcc 


Vdc 


Input Low Voltage (Normal Operating Levels) 


;v"'v,L '":'■■ 


'■ •■^■-0.3 ■'■'•"^'^^ 


;""-■ ■ 


+ 0.8 


Vdc 


Input Leakage Current 
Vin = to 5.25 Vdc 


"in 


_10.0 




+ 10.0 


/.Adc 


Input Low Current 
(V,L = 0.4 Vdc) 


;. .'W ;■■■;' ■ 




-l-O''.,,;::,:, : 


-1.6 


mAdc 


Output High Voltage 
(Vcc= min, Iload = -100 ^Adc) 


ypH 


+ 2.4 


'■ '— 


Vcc 


Vdc 


Output High Voltage 
(Vcc = min) 


VcMOS 


Vcc -300/0 


— '• 


Vcc 


Vdc 


Output Low Voltage 
(Vcc = min, Iload = 1 -6 mAdc) 


Vol 


— 


— 


+ 0.4 


Vdc 


Output High Current (Sourcing) 
(VoH = 2.4 Vdc) 


Iqh 


-100 


■ ' — ' 


^ '^■:,. '"'.. 


/tAdc 


Output Low Current (Sinking) 
(Vol = 0-4 Vdc) 


Iql 


.,; 1.6 ■,''::■:;:•■, 


— 


., — ■■ 


mAdc 


Darlington Current Drive, RE* 
(VoH = 1.5 Vdc 


Iqh 


-1.0 


— 


, — 


mAdc 


Output Low Current, RE* 
(Vol = 0-4 Vdc) 


':■ ■^'^%-. :,:::- 


1.6 


: — ' ■■ 


■ *~ ■■;; 


mAdc 


Input Capacitance 
(Vin - 0, Ta = 25°C, f = 1.0 MHz) 
RA, PB, PC, PF*. PG* 


Cin 


~~ 


- 


10 


PF 


Output Capacitance 
(Vin - 0. Ta = 25°C, f = 1.0 MHz) 


CoUT 


,„,: — ' ; 


— . ■ ■ 


10 


PF 


I/O Port Resistance 
PA0-PA7, PC0-RC6 
PF0-PF7, PG0-PG7 


Rl 


3.0 


6.0 


11-5 


KQ 


Note: Negative sign indicates outward current flo\ 


V, positive indica 


tes inward flow. Vcc 


^ 5V ±50/0. 


*R65C 


)0/42 only. 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 



E.I GENERAL NOTES 

1 . Vcc 5V ± 5°o. C ^ TA ^ 70 C 

2. A valid Vcc — RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V. unless 
otherwise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below: 

PA, PB — 50pf maximum 

PB, PC (I/O Modes Only) — 50pf maximum 

PB, PC (ABB and Mux Mode) — 130pf maximum 



E.2 CLOCK TIMING 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz I 


MIN 


MAX 


MIN 


MAX 


Tcvc 


Cycle Time 


1000 


10 ms 


500 


10 MS 


Tpw,o 


CLKIN Input Clock 
Pulse Width 


475 




240 




Tpwo2 


Output Clock Pulse 
Width at Minimum 
Tcvo 


Tp^ 


+25 


Tpw^ 


+20 


T„.T, 


Output Clock Rise. 
Fall Time 


— 


25 


__ 


15 


T. T. 


Input Clock Rise. 
Fall Time 


— 


10 


— 


10 
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(MCR 5 = 1, MCR 6 = 0, MCR 7 = 1) 



SYMBOL 


PARAMETER 


1MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TpcRS 


(PCS) R/W Setup Time 


— 


22S 


— 


140 


TpcAS 


(PC0-PC3) Address Setup Time 


— 


225 


— 


140 


TpBSU 


(PB) Data Setup Time 


50 


— 


35 


— 


TpBHR 


(PB) Data Read Hold Time 


10 


— 


10 


— 


•PBHW 


(PB) Data Write Hold Time 


30 


— 


30 


— 


TpBDD 


(PB) Data Output Delay 


_ 


175 


— 


150 


'PCHA 


(PC0-PC3) Address Hold Time 


30 


— 


30 


_- 


TpCHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


TpCHV 


(PC4) EMS Hold Time 


10 


— 


10 


— 


TpcvP 


(PC4) EMS Stabilization Time 


30 


— 


30 


_ 


Tesv 


EMS Setup Time 


— 


350 


— 


210 



NOTE 1 : Values assume PC0-PC5 have the same capacltive load. 



E.3.1 Abbreviated Mode Timing Diagram 



READ 



02 



R/W 
(PCS) 



EMI 
(PC4) 



PC0-PC3 



/ 



\ 



-•-TpcHR 



-22 



\r 



-* — Tesu *\ 

TpcvD 



TpcHA 



PB0-PB7 



WRITE 



^r 



-r 



TpCHV 



r 



Tpcvp 



TpBSU 



\ 



TpBDD 






TpBHR 
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E.4 MULTIPLEXED MODE TIMING— PB AND PC 



(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 



SYMBOL 


PARAMETER 


1MHz 


2 MHz 1 


MIN 


MAX 


MIN 


MAX 


Tpc«s 


(PCS) R/W Setup Time 


— 


225 


— 


140 


TpcAS 


(PC0-PC3) Address Setup Time 


~ 


225 


— 


140 


TPBAS 


(PB) Address Setup Time 


— 


22S 


— 


140 


TpBSU 


(PB) Data Setup Time 


50 


— 


35 


— 


TpBHR 


(PB) Data Read Hold Time 


10 


— 


10 


— 


TpBHW 


(PB) Data Write Hold Time 


30 


— 


30 


— 


TpBDD 


(PB) Data Output Delay 


— 


176 


— 


150 


TpcHA 


(PC0-PC3) Address Hold Time 


30 


— 


30 


— 


TpBHA 


(PB) Address Hold Time 





100 





80 


TpcHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


TpCHV 


(PC4) EMS Hold Time 


10 


— 


10 


— 


Tpcvo'^' 


(PC4) Address to EMS Delay Time 


30 


— 


30 


_ 


Tpcvp 


(PC4) EMS Stabilization Time 


30 


— 


30 


_- 


Tesu 


EMS Setup Time 


— 


350 


— 


210 




NOTE 1 : Values assume PC0-PC5 have the same capacitive load. 

E.4.1 Multiplex Mode Timing Diagram 
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E.5 I/O, EDGE DETECT AND COUNTER TIMING 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


' POW 
TCMOS'^' 
TpDOW 


Internal Write to Peripheral Data Valid 

PA, PC TTL 
PA. PC CMOS 
PB 


-, 


500 

1000 

175 


- 


500 

1000 

150 


TpDSU 

Tposu 


Peripheral Data Setup Time 
PA, PC 
PB 


200 
50 


- 


200 
50 


~ 


TpH« 
TpHR 


Peripheral Data Hold Time 

PA, PC 
PB 


75 
10 


- 


75 
10 


- 


Tepw 


PA0-PA1 Edge Detect Pulse Width 


Tcvc 


— 


TcYc 


- 


TcPw 


Counter 
PA2 Input Pulse Width 
PA2 Output Delay 


TcYc 


500 


Tcvc 


500 



NOTE 1 : Maximum Load Capacitance: 50pF Passive Pull-Up Required 



E.5.1 I/O, Edge Detect, Counter 



02 



PA0-PA7 
PB0-PB7 
PC0-PC7 



EDGE DETECTS 
(PA0-PA1) 



CNTR 
PA2 



CNTR 
PA2 



PB0-PB7 



PA0-PA7 
PB0-PB7 
PC0-PC6 



X 



T 



1.5V 



1.5V 
TpDSU 



X 



X 



x 



1.5V 



Tcpw 



TCD 



0.4V 



X 



• PDW 2.4 V 



0.4V 



'V 



1.5V 



VDD-30 
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R65/41EB AND R65/41EAB 
BACKPACK EMULATORS 



INTRODUCTION 

The Rockwell R65/41EB and R65/41EAB Backpack Emulator 
is the PROM prototyping version of the. 8-bit, masked-ROM 
R6500/41 one-chip microcomputer. Like the R6500/41, the 
backpack device is totally upward/downward compatible with all 
members of the R6500/41 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, re-programmed, then reinserted 
as often as desired. 

The backpack devices have the same pinouts as the masked- 
ROM R6500/41 microcomputer. These 40 pins are functiohally 
and operationally identical to the pins on the R6500/41 . The 
R6500/41 Microcomputer Product Description (Rockwell Docu- 
ment No. 29651 N38, Order No. 2135) includes a description of 
the interface signals and their functions. Whereas the masked- 
ROM R6500/41 provides 1 .5K bytes of read-only memory, the 
R65/41 EB will address 4.0K bytes of external program memory. 
This extra memory accommodates program patches, test pro- 
grams or optional programs during breadboard and prototype 
development states. 

ORDERING INFORMATION 

Backpack Emulator 



Part 
Number 


Memory 
Capacity 


C<>mpattbl6 
Memories 


Temperature 
Range and Speed 


R65/41EB 
R65/41EAB 


4Kx 8 
4K X 8 


2732 
2732A 


0°C to 70X 
1MHz 

0°C to 70PC 
2 MHz 



Support Products 



Part 




Number 


Description 


S65-101 


SYSTEM 65 Microcomputer 




Development System 


M65-040 


PROM Programmer Module 


M65-131 


1 -MHz R6500/41 Personality Module 


M65-132 


2-MHz R6500/41 Personality Module 


RDC-1001 


Rockwell Development Center 


RDC-131 


1 MHz R6500/41 Personality Set (RDC) 


RDC-132 


2 MHz R6500/41 Personality Set (RDC) 



FEATURES 

• PROM version of the R6500/41 

• All Host bus features of R6500/41 

• Completely pin compatible with R6500/41 single-chip micro- 
computers 

• Profile approaches 40-pin DIP of R6500/41 

• Accepts 5 volt, 24-pin industry-standard EPROMs 
— 4K memories— 2732, 2732 A 

• Use as prototyping tool or for low volume production 

• 4K bytes of memory capacity 

• 64 X 8 static RAM 

• Software compatibility with the R6500 family 

• 23 bi-directional TTL compatible I/O lines 

• 16 bit programmable counter/latch with four modes (inter- 
val timer, pulse generator, event counter, pulse width 
measurement) 

• 7 interrupts (reset, two external edge sensitive, counter 
underflow, Host data received. Output data register full, Input 
data register empty). 

• External time base 

• Single +5V power supply 



B 




R65/41EB-R65/41EAB Backpack Emulator 
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CONFIGURATIONS 

The Backpack Emulator is available in two different versions, 
to accommodate 1 MHz and 2 MHz speeds. Both versions 
provide 192 bytes of RAM and I/O, as well as 24 signals to 
support the external memory "backpack" socket. 

External 4K memories with addresses of 000 to FFF, are 
upward translated to addresses FOOO to FFFF when assem- 
bled to form the Backpack Emulator. 

EXTERNAL FREQUENCY REFERENCE 

The external frequency reference is an output timing signal 
jzfe. This is an internally synchronized 1 x clock output suit- 
able for external memory or peripheral interfacing. 

I/O PORT PULLUPS 

The emulator devices have internal I/O port pullup resistors 
on ports A and C. Port B has tri-state drivers. 



PRODUCT SUPPORT 

The Backpack Emulator is just one of the products that Rock- 
well offers to facilitate system and program development 
fortheR6500/41. 

The SYSTEM 65 Microcomputer Development System with 
R6500/41 Personality Module supports both hardware and 
software development. Complete in-clrcuit user emulation 
with the R6500/41 Personality Module allows total system 
test and evaluation. With the optional PROM Programmer, 
SYSTEM 65 can also be used to program EPROMs for the 
development activity. When PROM programs have been fin- 
alized, the PROM device can be sent to Rockwell for masking 
into the 1 .5K ROM of the R6500/41 . 

In addition to support products, Rockwell offers regularly- 
scheduled designer courses at regional centers. 
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D0-D7 IN. 












8 J^ 




INPUT DATA 
REGISTER 




^^ A0.A11 
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R65/41EB Interface Diagram 
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cs 


c 


•i 


A7C 


•ls 


24s 


^Vcc 


40 


3 


Vcc 


E(RD) 


n 


2 


ASc 


2s 


23s 


DA8 


39 


J 


CLKIN 


R/W(WR) 


r 


3 


A5C 


3s 


22s 


3A9 


38 


3 


RES 


RS (AO) 


E 


4 


A4C 


4s 


21s DA11 


37 


3 


PB7 


HDO 


C 


5 


A3C 


5S 


20s 


DOE 


36 


3 


PBS 


HD1 


r 


6 


A2c: 


6S 


19s 


DA10 


35 


3 


PB5 


HD2 


c 


7 


A1 C 


7s 


18s 3CE 


34 


3 


PB4 


HD3 


c 


8 


AOC 


8s 


17s 


DD7 


33 


3 


PB3 


HD4 


c 


9 


DOC 


9s 


IBs 


DD6 


32 


3 


PB2 


HD5 


r 


10 


D1 C 


10s 


15s 


3D5 


31 


3 


PB1 


HD6 


r 


11 


D2[: 


lis 


14s 


DD4 


30 


3 


PBO 


HD7 


G 


12 
13 


Vss^ 


12s 


13s 


DD3 


29 


3 


PA7 


PCO 


r 






28 


1 


PA6 


PCI 


c 


14 


24-PIN SOCKET 


27 


3 


PA5 


PC2 


c 


15 






26 


3 


PA4 


PC3 


c 


16 






25 


3 


PA3 


PC4 


c 


17 






24 


3 


PA2 


PCS 


r 


18 






23 


3 


PA1 


PC6 


c 


19 






22 


3 


PAO 


02 


c 


20 






21 


3 


Vss 



BACKPACK MEMORY SIGNAL 
DESCRIPTION 



Pin Configuration 



(1) PIN 21 is Vcc for R65/41EB or All for R65/41EB 



Signal 
Name 


Pin No. 


Description 


D0-D7 

A0-A9 

A10, 

All 

CE 

OE 

Vcc 
Vss 


9S-11S, 
13S-17S 

1S-8S, 
228, 23S 
198.213 
188 
208 

248 
128 


Data Bus Lines. All instruction and data 

transfers take place on the data bus lines. 

The buffers driving the data bus lines have 

full three-state capability. Each data bus 

pin is connected to an input and an output 

buffer, with the output buffer remaining in 

the floating condition. 

Address Bus Lines. The address bus lines 

are buffered by push/pull type drivers that 

can drive one standard TTL load. 

Chip Enable. 

Memory Enable Line. This signal provides 

the output enable for the memory to place 

information on the datajDus lines. This 

signal Is driven by the FVW signal from the 

CPU and then inverted to form OE. This 

signal is driven by the inverted address line 

All. The OE signal will be low for 

addresses greater than OFFF. 

Main Power Supply +5V. This pin is tied 

directly to pin 40 (Vcc). 

Signal and Power Ground (zero volts). This 

pin is tied directly to pin 21 (Vss)- 



I/O AND INTERNAL REGISTER ADDRESSES 



Address 


Read 


Write 


001 F 
IE 
ID 
10 


Host Status Flag Register 
Input Data Register (IDR) 


Host Status Flag Register 
Output Data Register (ODR) 


IB 
1A 
19 
18 


Lower Counter 

Lower Counter &. Clear Flag (IFR5) 

Upper Counter 


Lower Latch 

Upper Latch/Transfer Latch to Counter & Clear Flag (IFR5) 

Upper Utch 


17 
16 
15 
14 


Mode Control Register 


Mode Control Register 


13 
12 
11 
10 


Interrupt Enable Register 
Interrupt Flag Register 
Read'TF' 


Interrupt Enable Register 
Clear Int Flag Bit 


03 thru OF 
02 
01 
0000 


PortC 
PortB 
Port A 


PortC 
PortB 
Port A 
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READ TIMING CHARACTERISTICS 



Signal 


Symbol 


1 MHz 


2 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


OE and CE setup time from CPU 


Toes 


— 


225 


— 


140 


ns 


Address setup time from CPU 


Tads 


— 


225 


— 


140 


ns 


Memory read access time 


Tacc 


— 


700 


— 


315 


ns 


Data set up time 


Tdsu 


50 


— 


35 


— 


ns 


Data licld time— Read 


Thr 


10 


— , 


10 


— 


ns 


Address hold time 


Tha 


30 


■:■■ — 


30 


— 


ns 


OE and CE liold time 


Thoe 


30 


: — 


30 


. _ 


ns 


Cycle Time 


TcYC 


1.0 


10.0 


0.5 


10.0 


/xS 



READ TIMING WAVEFORMS 


Tc„, 








0.4V 




0.4V 


<^2 V 
0.4V^ 


/ \ 


Toes 


0.8V 


T„oE-* 
0.8V - 


.^ 


OE 




^ 








Tha- 




?^ 


ADDRESS FROM 




^ 


— 2.0V 
0.8V 


2.0V- 
0.8V. 




DATA FROM 


7 




— :;^■^^'■■•■ 


2.0V 




^2.0V 


AU« 


-^ 


Tqsu 


MEMORY 




^— T, 


0.8V 

vcc *" 


* - 0.8V 

1— Th„ 



ABBREVIATED BUS 
MODE MEMORY MAP 



MULTIPLEXED BUS 
MODE MEMORY MAP 



FAOO 
FOOD 



EMS (ACTIVE LOW) 



0080 
007F 

0040 



001 F 
0000 



IRQ VECTOR 



RES VECTOR 



EXTENDED 
ROM (2.5K)* 



ZONE FOR 16 
PERIPHERAL 
DEVICE 



INTERNAL RAM 
(64 BYTES) 



INTERNAL 

I/O AND REGISTERS 



FFFE 
FFFC 



T 



EMS (ACTIVE LOW) 



1 



0002 

t 
0000 



007F 

t 
0040 

I 



EXTENDED 
ROM (2.5K)* 



EXTERNAL 
MEMORY 
4096-128 BYTES 



DATA AND ADDRESS 
BUS 



INTERNAL RAM 
(64 BYTES) 

UNASSIGNED 



-Not available for masked ROM R6500/41. 



-Not available for masked ROM R6500/41. 



INTERNAL 

I/O PORTS A. B. C 

'R6500/42ONLY 
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ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 ± 5%. Vss = 0, Ta = 25°C) 


Characteristic 


Symbol 


IMin 


Typ 


Max 


Unit 


Input High Threshold Voltage 
D0-D7 


V,HT 


Vss + 2.0 


— 


— 


Vdc 


Input Low Threshdld Voltage 
D0-D7 


V.LT 


^ 


_ 


Vss + 0.8 


Vdc 


Three-State (Off State) Input Current 

(V = 0.4 to 2.4V, Vcc = 5.25V) 
D0-D7 


Its. 






±10 


M 


Output High Voltage 

('load = 100ai Ado, Vcc = 4.75V) 
D0-D7, A0-A11,OE,CE 


VOH 


Vss + 2.4 






Vdc 


Output Low Voltage 

(Iload = 1-6 mAdc, Vcc = 4.75V) 
D0-D7, A0-A1 1 , UE, CE 


Vol 






Vss + 0.4 


Vdc 


Power Dissipation (less EPROM) 


Pd 


— 


0.50 


— 


W 


Capacitance 

(Vin = 0, Ta = 25°C, f = 1 r/IHz) 
D0-D7 (High Impedance State) 
Input Capacitance 


C 

Oout 
Cin 


- 


- 


10 
10 


pF 


I/O Port Pull-up Resistance 


Rl 


3.0 


6.0 


11.5 


kohm 




% 



r 



*i ; — 



to □□□□□□□ □ □ n □ 



□ □ □■[-i □ □ □ czi □ □ □ n» 



t-" 



o.oso*.oi5bOth ends 

k 0.100 + .01OTYP 



+ 0.01 
-*.o 



0.040 + .007 TYP 



40-Pin Backpack Package 
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R6541Q ANDR6500/43 
INTELLIGENT PERIPHERAL CONTROLLERS 



SECTION 1 
INTRODUCTION 



1.1 FEATURES OF THE R6541Q & 
R6500/43 

• Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

• Asynchronous Host interface that allows independent clock 
operation 

• Input, Output and Status Registers for CPU/Host data 
transfer 

• Status register for CPU/Host data transfer operations 

• Interrupt or polled data interchange with Host 

• Enhanced 6502 CPU 

• Four new bit manipulation instructions 

• Set Memory Bit (SMB) 

• Reset Memory Bit (RMB) 

• Branch on Bit Set (BBS) 

• Branch on Bit Reset (BBR) 

• Decimal and binary arithmetic modes 

• 13 addressing modes 

• True indexing 

• 256-byte mask-programmable ROM* 

• 64-byte static RAM 

• 23 TTL-compatible I/O lines 

• A 16-bit programmable counter/timer, with latch 

• Pulse width measurement 

• Pulse generation 

• Interval timer 

• Event counter 

• Eight interrupts 

• Two edge-sensitive lines; one positive, one negative 

• Reset 

• Counter Underflow 

• Host data received 

• Output Data Register full 

• Input Data Register empty 

• Non-maskable 

• Multiplexed bus expandable to 4K bytes of external memory 

*R6541QhasnoROM. 



• Unmultiplexed Address and Data buses for 4K of Periph- 
eral I/O expansion 

• 68% of the instructions are executed in less than 2iu,s @ 
2 MHz 

• NMOS-3 silicon gate, depletion load technology 

• Single +5V power supply 

• 64-pin QUIP 

NOTE 

This document describes both the R6541Q and 
R6500/43. In the text, the terms IPC or device will be 
used when describing both parts. See Section 1 .3 for 
a description of the options available for the R6500/13 
and the fixed features of the R6541 Q. 



1.2 SUMMARY 

The Rockwell R6541Q and R6500/43 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface I/O devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. They have an 
enhanced R6502 CPU, an optional 256 by 8-bit ROM, 64 by 
8-bit RAM, three I/O ports with multiplexed special functions, 
a multi-function timer, and a full 4K address and data buses 
all contained within a 64-pin Quad-in-line package. 



In both versions, special interface registers allow these IPC 
devices to function as peripheral controllers for the 6500, 
6800, Z80, 8080, and other 8-bit or 1 6-bit host microcom- 
puter systems. 



The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the device a 
leading candidate for IPC computer applications. 



Document No. 29651 N39 
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Rockwell supports development of the R6541Q and R6500/43 
with the System 65 Microcomputer Development System and 
the R6500/* Family of Personality Modulesv Complete 
in-circult emulation with the R6500/* Family of Personality 
Modules allows total system test and evaluation. 

This product description assumes that the reader is familiar 
with the R6502 CPU hardware and programming capabilities. 
A detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Document Order Number 201). A descrption of the instruc- 
tion capabilities of the R6502 CPU is contained in the R6500 
Microcomputer System Programming Manual (Document 
Order Number 202). 



1.3 CUSTOMER OPTIONS 

The R6500/43 microcomputer is available with the following 
customer specified masl< options. 

• Option 1 with or without a 256 byte ROM 

• Option 2 Reset Vector at FFFC or OFFC 

• Option 3 Port A with or without internal pull-up resistors 

• Option 4 Port C with or without internal pull-up resistors 

All options should be specified on an R6500/43 order form. 

The R6541Q has no customer specified mask options. It has 
the following characteristics. 



• Without ROM 

• Reset Vector at FFFC 

• No internal pull-up resistors on any Port (PA or PC) 
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Figure 2-1. Interface Diagram 
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Figure 2-3. R6541Q & R6500/43 Dimensionai Outline 

3-257 



R6541Qand R6500/43 



Intelligent Peripheral Controllers 



SECTION 2 
R6500/41 INTERFACE REQUIREMENTS 



This section describes the interface requirements for the In- 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- 
gram for the devices. Figure 2-2 shows the pin out configu- 
ration and Table 2-1 describes the function of each pin of the 

Tabl6 2-1. 



devices. Figure 2-3 shows the mechanical dimensions of the 
devices. Section 5 describes the Host computer interface 
protocol and tinning requirements. 



Pin Description 





PIN NO. 






PIN NO. 




SIGNAL NAME 


R6541Q&R6500/43 


DESCRIPTION 


SIGNAL NAME 


R6541Q&R6500/43 


DESCRIPTION 


CLKIN 


1"l 


Symmetrical square wave 
100 KHz to 2 IVIHZ,TTL com- 
patible input. 


PB0-PB7 


49-56 


8 bit I/O port used for either 
input or output. Each line 
consists of an active transis- 


^ 


24 


Outputtiming signal— This is 
an internally synchronized 
1 X clock output suitable for 
external memory or peri- 
pheral interfacing. 






tor to Vss and an active pull- 
up to Vcc. This port becomes 
a tri-state data bus, D0-D7, 
in the Abbreviated or Multi- 
plexed Bus Mode. D0-D7 are 
multiplexed with address lines 


RES 


57 


The reset input is used to ini- 
tialize the device. Section 7 






A4-A1 1 in the Multiplexed 
Bus Mode. 






describes the process and 
conditions of the RES pro- 


PC0-PC6 


31-25 


■ 
7 bit I/O port used for either 






cedure. 






input or output. Each line 
consists of an active transis- 


VCC 


64 


Power supply input (+5V) 






tor to Vss and an optional 


VSS 


32 


Signal and power ground 
(OV). 






passive pull-up to Vcc- The 
pins PCO to PCS are mul- 










tiplexed with address and 


cs 


12 


Chip select pin for host in- 
terface. 






control signals for use in 
abbreviated and multiplex 


RS (AO) 


15 


Register select input pin used 
by the Host processor to in- 
dicate that information being 
written into the IPC is a data 
or command byte or to indi- 






modes. PC6 is multiplexed 
with INT and is program se- 
lectable. In these two modes 
PC0-PC5 have active pull- 
ups. 






cate that information being 


A0-A11, A15 


7-1 


Thirteen address lines used 






read from the IPC is a status 




63-58 


to address a complete 8K 






or data byte. 






external address space. 


E (RD) 


13 


Host timing control signal for 
data register write and read. 


DB0-DB7 


41-48 


Eight bidirectional data bus 
lines used to transmit data to 


R/W(WR) 


14 


Host timing control signal for 






and from external memory. 






data register write and read. 


SYNC 


9 


SYNC is a" positive going sig- 


HB0-HB7 


16-23 


Data bus between Host and 
IPC data input and output 
registers. 






nal for the full clock cycle 
whenever the CPU is per- 
forming an OP CODE fetch. 


NMI 


8 


A negative going edge on the 
Non-Maskable Interrupt sig- 
nal requests that a non- 
maskable interrupt be gen- 
erated with the GPU. 


R/W 


10 


Controls the direction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal is 
high when reading and low 
when writing. 


PA0-PA7 


33-40 


8 bit I/O port used for either 
input or output. Each line 
consists of an active transis- 
tor to Vss and an optional 
passive pull-up to Vcc- The 
two lower bits PAO and PA1 
also serve as edge detect in- 
puts. PA2 is time shared with 
the 16 bit Counter Input or 
output pin, CNTR, and is 
mode selected. 
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SECTION 3 
SYSTEM ARCHITECTURE 



This section provides a functional description of the IPC de- 
vice. Functionally, the device consists of a CPU, RAM and 
optional ROM memories, three parallel I/O ports (actually 23 
I/O lines), counter/latch circuit, a mode control register, and 
an interrupt flag/enable dual register circuit. A block diagram 
of the system is shown in Figure 3-1. 

NOTE 

Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 

3.1 CPU LOGIC 

The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index 
Registers (X and Y); an 8-bit Stack Pointer register, an ALU, 
a 1 6-bit Program Counter, and standard instruction register/ 
decode and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect ad- 
dressing, the CPU fetches the op code and the address, and 
modifies the address from memory by adding the index reg- 
ister to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically in- 
cremented and decremented under control of the micropro- 
cessor to perform stack manipul ation in response to either 
user instructions, or an internal IRQ interrupt. The Stack 
Pointer must be initialized by the user program. 

The stack allows simple implementation of multiple level in- 
terrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTl and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed") onto the stack. Each time 



data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
007F-0040. Normal usage calls for the initialization of the 
Stack Pointer at 007F. 

3.1.4 Arithmetic and Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an Instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and in- 
terrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is initialized each time 
an instruction fetch is executed and is advanced at the be- 
ginning of each low level of the Clock In pulse for as many 
cycles as are required to complete the instruction. Each data 
transfer which takes place between the registers is caused 
by decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 

Inter r upt lo gic c ontro ls the sequencing of three interrupts: 
RES, NMI, and IRQ. IRQ is generated by any one of four 
conditions: Counter Overflow, Positive Edge Detect, Nega- 
tive Edge Detect, and Input Data Register Full. 

3.2 NEW INSTRUCTIONS 

In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In or- 
der for these instructions to be equally applicable to any I/O 
ports, with or without mixed input and output functions, the 
I/O ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pinS as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 

3.2.1 Set Memory Bit (SI\/IB m, Addr.) 

This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00-FF) of the byte or I/O port to be operated upon. 

3.2.2 Reset l\/lemory Bit (RIVIB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Branch on Bit Set Relative (BBS m, Addr, 
DEST) 

This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Brahch On Bit Reset Relative (BBR m, 
Addr, DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a''0". 



3.3 READ-ONLY-MEMORY (ROM) 

The optional ROM consists of 256 bytes mask programmable 
memory with an address space from OFOO to OFFF. ROM 
locations FFFA through FFFF are assigned for Interrupt vec- 
tors. The Reset vector can be optionally at OFFC or FFFC. 

The R6541Q has no RQM and its reset vector Is at FFFC. 



3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 64 bytes of read/write memory with an 
assigned page zero address of 0040 through 007F. 

3.5 SYSTEM CLOCK 

The device functions with an external clock. It is fully asyn- 
chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is also made available for any external device synchroniza- 
tion at pin 02, 

3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for the Counter, the 
6500 or 8080 Bus Select, and the Interrupt (INT). Its setting 
determines the basic configuration of the device in any ap- 
plication. Initializing this register is one of the first actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 

The use of Counter A Mode Select is shown in Section 6. 

The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. 

The use of Interrupt Select is shown in Section 4.5. 

The use of Bus Mode Select is shown in Sections 4,4 and 
4.5. 
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Figure 3-2. Mode Control Register Bit Allocations 
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7 6 5 



IFR 



3 2 1 ADDR0012 



ADDR 0011 



PAO POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 

PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 

INTERNAL INTERRUPT 
REQUEST. IRQ ENABLE 



EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 
EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 
COUNTER UNDERFLOW 
INTERRUPT ENABLE 



Figure 3-3. Interrupt Enable and Flat Registers 



Table 3-1 . Interrupt Enable Signals 



Control Signal 


Description 


lERO 
IER 1 
IER 2 
IER 3 

IER 4 
IER 5 


Positive Edge Detect, Interrupt Enable- 
when this bit is true, a positive going sig- 
nal on PAO will generate an IRQ and set 
the corresponding flag bit. 

Negative Edge Detect Interrupt Enable- 
when this bit is set to a "1" a negative 
going signal on PA1 will generate an IRQ 
and set the corresponding flag bit. 

Input Data Register Full Interrupt Ena- 
ble— setting this bit to a "1" allows an 
IRQ to be generated each time the Host 
fills the IDR setting the IDFR bit. 

Output Data Register Full Interrupt Ena- 
ble—when this bit is an interrupt request 
to the Host is generated each time the 
ODRF flag is set to a "1". (See External 
Interrupts, Paragraph 3.7.1). Reading the 
ODR clears INT-1 and ODRF flags. 

Input Data Register Empty Interrupt En- 
able—when this is set to a "1" an inter- 
rupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDRF flag is cleared. 
INT-2 is cleared when the Host reads the 
status flag register. {See External Inter- 
rupts, Paragraph 3.7.1). 

Counter Interrupt Enable— if enabled, an 
IRQ is generated whenever the Counter 
overflows. 



3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 

An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous Interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared- 

The Interrupt Flag Register contains the information that in- 
dicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) instruction reads FF. modifies bit 
X to a "0", and writes the modified value at address location 

001 1 . In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and 7 are indeterminate on a 
Read. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the re- 
spective bit position at location 0012. Individual IER bits may 
be clear ed by writing a "0" Jnjhe respective bit position, or 
by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 



3.7.1 External Interrupts (INT) 

An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
Host/Device interface). 



OUTPUT DATA REGISTER (ODR) FULL 

When IER 3 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it loads 
the ODR. The ODRF flag of the Status Flag Register and the 
IFR 3 of the IFR will be set to a "1" indicating the ODR is full. 
The ODRF and IFR 3 flags are cleared and INT is negated 
when the Host processor reads the ODR. 



INPUT DATA REGISTER (IDR) EMPTY 

When IER 4 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it reads 
the IDR. The IDRF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to a "1" 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 

3.8.1 Carry Bit (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic if no carry oc- 
curred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 

3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 



zero. This bit is cleared to logic when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of an in terrupt request (IRQ). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The C PU w ill set the Interrupt 
Disable B it to logic 1 if a RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 
from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 
tions will also affect the I bit. 




NOTES 

(1) Not initialized by RES 

(2) Set to Logic 1 by RES 



-CARRY (C)(1) 

1 = Carry Set 
= Carry Clear 

-Zero (2) (1) 



1 = Zero Result 

= Non-Zero Result 

- INTERRUPT DISABLE (I) (2) 

1 = IRQ Interrupt Disabled 

= IRQ interrupt Enabled 

- DECIMAL IMODE (0) (1) 

1 = Decimal Mode 

= Binary Mode 

- BREAK COMMAND (B) (1) 

1 = Break Command 

= Non-Break Command 

- OVERFLOW (O) (1) 

1 = Overflow Set 

= Overflow Clear 

- NEGATIVE (N) (1) 

1 = Negative Value 
= Positive Value 



Figure 3-4. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 

CAUTION 

The Decimal Mode Bit will either set or clear in an un- 
predictable manner upon power application to the de- 
vice. This bit must be initialized to the desired state by 
the user program or erroneous results may occur. 



3.8.5 Brealc Bit (B) 

The Break BitjB) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n « 127). 



This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit Is set to logic 
1 If the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; othen^/ise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1 . If the sign bit is set to logic 
1 , the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation Is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT. CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 



INPUT/OUTPUT PORTS 

The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there is no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 
or all outputs. Port PC, however, may be multiplexed under 
program control with seven other signals. Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal Is multiplexed with an external interrupt 
output, INT. All eight Port B lines are tri-state to permit their 
use as a data bus during extended addressing modes. 

Internal pull-up resistors (FET's with an impedance range of 
3K ^ Rpu =^ 12K ohm) may be provided on ports PA and/or 
PC. The R6541Q does not have these resistors. 

The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the I/O ports, which simplifies I/O handling. The 
I/O addresses are shown in Table 4-1. If a part is being 
used to emulate a R6500/42 the ports must be provided in 
external circuitry and addressed through locations 0004- 
0006. 



Table 4-1. I/O Port Addresses 


PORT 


ADDRESS 


A 
B 
C 

E ■) 

F 'R6500/42 only 

G J 


0000 
0001 
0002 
0004 
0005 
0006 



4.1 INPUTS 

Inputs for Ports A and C, and also Ports F and G if emulating 
the R6500/42, are enabled by loading logic 1 into all I/O port 
register bit positions that are to correspond to I/O input lines. 
A low (<0.8V) input signal will cause a logic to be read 
when a read instruction is issued to the port register. A high 

Table 4-2. Port A Control & Usage 



(>2.0V) input will cause a logic 1 to be read. An RES signal 
forces all I/O port registers to logic 1 thus initially treating all 
I/O lines as inputs. 

Port B may be all inputs or all outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Control Reg- 
ister to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the oper- 
ation of PA, PB, PC, and also PF, & PG of an emulated 
R6500/42. During the Read cycle of a Read/Modify/Write 
instruction the Port I/O register is read. For all other read Instruc- 
tions the port input lines are read. Read/IVIodlfy/Write instruc- 
tions are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, 
and SMB. 

4.2 OUTPUTS 

Outputs for Ports A thru C, and emulated Ports E thru G of 
the R6500/42, are controlled by writing the desired I/O line 
output states into the corresponding I/O port register bit po- 
sitions. A logic 1 will force a high (>2.4V) output while a logic 
will force a low (<0.4V) output. Port B also requires that 
MCR6 be set to a "1" and MCR7 be set to a "0". 

4.3 PORT A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) as a standard parallel 8-bit, bit independent, I/O port, 
or a counter I/O line. Table 4-2 tabulates the control and 
usage of Port A. 

In addition to their normal I/O functions, PAO can detect pos- 
itive going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
status bit in the IFR and generate an Interrupt request if the 
respective Interrupt Enable Bit is set, The maximum rate at 
which an edge can be detected is one-half the 02 clock rate. 
Edge detection timing is shown in Section E.5. 



B 



PA0-PA1 I/O 


PA2I/0 


PA2 COUNTER 


PA3-PA7 I/O 




MCRO = 
MCR1 = 


MCRO = 1 
MCR1 = 


MCRO = X 
MCR1 = 1 




SIGNAL 


SIGNAL 


SIGNAL 


SIGNAL 


SIGNAL 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


NAME 


TYPE 


PA0(1) 
PA1(2) 


I/O 
I/O 


PA2 


I/O 


CNTR 


OUTPUT 


CNTR 


INPUT (3) 


PA3-PA7 


I/O 



(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT 
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4,4 PORTB(PB) 

Port B can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to (zero) and bit 6 of the MCR to 
1 . An all inputs condition is created by setting both MCR6 
and MCR7 to (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PB0-PB7 serves as data register bits D0-D7. When Port B 
is selected to operate in the Multiplexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
A1 1 , respectively. Refer to the Memory Maps (Appendix B) 
for Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 



4.5 PORT C (PC) 

Port C can be programmed as an I/O port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multi plexed bus modes, 
PC0-PC5 function as AQ -A3, R/W, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OF FF. (S ee Memory Map, 
Appendix C). The leading edge of EMS may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. 









Table 4-3. Port B Contrc 


>l& Usage 
















ABBREVIATED 






R6541Q & 




I/O MODES 


MODE 


MULTIPLEXED MODE 


MCR7 = 


MCR7 = 


MCR7= 1 


MCR7 = 1 


R6500/43 


MCR6 = 


MCR6 = 1 


MCR6 = 


MCR6 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


PHASE 1 


PHASE 2 














SIGNAL 


SIGNAL 


PIN# 


NAME 


TYPE 
(1) 


NAME 


TYPE 
(2) 


NAME 


TYPE 
(3) 






NAME 


TYPE (2) 


NAME 


TYPE (3) 


49 


PBO 


INPUT 


PBO 


OUTPUT 


DO 


I/O 


A4 


OUTPUT 


DO 


I/O 


50 


PB1 


INPUT 


PB1 


OUTPUT 


D1 


I/O 


A5 


OUTPUT 


01 


I/O 


51 


PB2 


INPUT 


PB2 


OUTPUT 


02 


I/O 


A6 


OUTPUT 


02 


I/O 


52 


PB3 


INPUT 


PBS 


OUTPUT 


D3 


I/O 


A7 


OUTPUT 


03 


I/O 


53 


PB4 


INPUT 


PB4 


OUTPUT 


04 


I/O 


A8 


OUTPUT 


04 


I/O 


54 


PBS 


INPUT 


PB5 


OUTPUT 


05 


I/O 


A9 


OUTPUT 


05 


I/O 


55 


PB6 


INPUT 


PB6 


OUTPUT 


06 


I/O 


A10 


OUTPUT 


06 


I/O 


56 


PB7 


INPUT 


PB7 


OUTPUT 


07 


I/O 


A11 


OUTPUT 


07 


I/O 



(1) TRI-STATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TRI-STATE BUFFER IS IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 



Table 4-4. Port C Control & Usage 



R6541Q & 
R6500/43 


I/O MODE 


ABBREVIATED 
MODE 


MULTIPLEXED 
MODE 


MCR7 = 
MCR6 = X 


MCR7 = 1 
MCR6 = 


MCR7 = 1 
MCR6 = 1 


SIGNAL 


SIGNAL 


SIGNAL 


PIN# 


NAME 


TYPE 
(1) 


NAME 


TYPE 
(2) 


NAME 


TYPE 
(2) 


31 
30 
29 
28 
27 
26 
25 


PCO 
PCI 
PC2 
PC3 
PC4 
PC5 
PCO* 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 


AO 
A1 
A2 
A3 
EMS 
R/W 
INT* 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


AO 
A1 
A2 
A3 
EMS 
R/W 
INT* 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 



(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-OOWN 

(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 



*PC6 if MCR5 = 0; INT if MCR5 = 1 
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4.7 BUS MODES 

A special attribute of Port B and Port C is tiieir capability to 
be configured via the Mode Control Register (see Section 
3.6) into four different modes. 

In the Port B All Inputs and Port B All Outputs modes the 
separate address and data bus are used. The difference lies 
in the direction of Port B— all inputs or all outputs. The re- 
ceiving ports perform the normal I/O function. A15 is usually 
used as a chip select for external memory. 

In the Abbreviated Bus Mode, the address and data lines can 
be used as above to emulate the R6500/41. Port B and Port 
C are automatically transformed into an abbreviated address 
bus and control signals (Port C) and a bidirectional data bus 
(Port B). 16 Peripheral addresses can be selected. In general 
usage, these 16 addresses would be distributed to several 
external I/O devices such as R6522 and R6520, etc., each 
of which may contain more than one unique address. 



In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 4K of external addresses 
are provided. Port C provides the lower addresses and con- 
trol signals. Port B multiplexes functions. During the first half 
of the cycle It contains the remaining necessary 8 address 
bits for 4K; during the second half of the cycle it contains a 
bidirectional data bus. The address bits appearing on Port 
B must be lat ched into an external holding register. The lead- 
ing edge of EMS, which indicates that the bus function is 
active, may be used for this purpose. 

Figures 4-1 a thru 4-1 d show the possible configurations of 
the four bus modes. Appendix CI shows a memory map of 
the port as a function of the Bus Mode and further shows 
which addresses are active or inactive on each of the three 
possible buses. 
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PORTB 

ALL OUTPUTS 

BUS MODE 



CLK IN - 

RES - 

AO (RS) - 

R/W (RD) - 

E(WR)- 
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Figure 4-1 a. 
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BUS MODE 



CLK 
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AO (RS) - 

R/W(RD)- 

E(WR)- 

CS- 



HBO- 
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<JiiC> 

INT # M 







^ DATA BUS 



c> 
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Figure 4-1 c. 



MULTIPLEXED 
BUS MODE 



CLK IN - 

rIs- 

AO(RS)- 

R/W(RD)- 

E(WR)-. 

CS- 

Vcc- 



HBO- 
HB7 



^Ms) 

INT#<^ 



PORTA 



<^ DAT/A4 ^ A11 (PORfliy 



LATCH 



EMS* 



A4-A11 



v> 



(PORT C) 



R/W 



(PORT C) 



02 



A0-A3 (PORT C) 



SYNC 

nmF 



^ 



UP TO 4K 

EXTERNAL 

MEMORY 
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PERIPHERALS 

# # 
@OXXX 



Oi^iiO 



A15 



R/W 



DB1-DB7 



4K 

EXTERNAL 
MEMORY 
@FXXX 



Figure 4-1 b. 

# OPTIONAL PC6 
## NOT AVAILABLE WITH BOOTSTRAP ROM OPTION 
* EMS VALID @ 0100 THRU OFFF 



Figure 4-1 d. 
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SECTION 5 
HOST INTERFACE BUS 



Two way data transfers are perforriied between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Figure 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software polling proce- 
dure is available to control data traffic between the CPU and 
Host. 



RS (Ao) 


READ 


WRITE 


1 


HOST 
STATUS FLAG 


COMMAND 
INPUT 





DATA REG 
OUTPUT 


DATA REG 
INPUT 



Figure 5-1. Host Addressing IMatrix 

5.1 DATA REGISTERS 

The device has an 8-bit Input Data Register (IDR) and an 
8-bit Output Data Register (CD R). The IDR serves as a tem- 
porary storage for cdmmands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 

• OS is asserted 

• RS (AO) Indicates command input or data input. 

• The contents of the host data bus (HB0-HB7) are copied 
into the IDR when the appropriate Host bus write signals 
are asserted. 

The ODR serves as a temporary storage for data from the 
device to the Host. When the Host is reading data from the 
device, the following conditions are in effect: 

• OS is asserted 

• RS (AO) input selects ODR or HSFR 

• The contents of ODR or the Flag Register are placed on 
the host data bus (HB0-HB7) when. the appropriate Host 
read signals are asserted. 

5.2 HOST STATUS FLAG REGISTER 

A Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow of data 
asynchronously between the host computer and the device. 

The Host Status Flag Register contains 8 flag bits that can 
be read at anytime by either the Host or the device. See Fig- 
ure 5-2. General purpose flags F2 through F6 are serviced 
by the device in either read or write modes and monitored 
by the Host (Read Only). 

Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the AO (RS) input signal during any 



host write data exchange. The device can write to the F1 flag 
at any time. 

The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODRF sets the device Interrupt Status Register IFR3 flag. 
An Output Interrupt (INT) may be generated under program 
control by setting IER3 in the interrupt enable register. The 
ODRF flag is reset only by a hydware reset or by the host 
performing a read on the output data register. The ODRF flag 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of th e 
IFR3 flag and thus the reset of the external interrupt (INT). 

The IDRF (Input Data Register Full) flag is set following the 
conclusion of any host write data exchange. The setting of 
the IDRF causes IFR2 of the device status register to be set. 
An internal interrupt may be generated under program con- 
trol by setting IER2 in the Interrupt Enable Register. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
IFR4 resets following the reset of IDRF. IFR4 may generate 
an external output interrupt (INT, input buffer empty), under 
program control by setting IER4 in the interrupt enable 
register. 



B 



The Host Status 


Flag Register is 


cleared 


by the RES input. 




HOST STATUS FLAG REGISTER 




HSFR 


F6 


F5 


F4 


F3 


F2 


F1 


/ 


/ 


ADDR 001 E 










INPUT DATA 








REGISTER 


. 






FULL FLAG 






OUTPUT DATA 






REGISTER 






FULL FLAG 




COPIES RS ON 1 


GENERAL PURPOSE ^^^^^ ^"^" "°^"'" 


FLAGS STATUS REGISTER 



Figure 5-2. Host Status Flag Register Bit Allocation 

5.3 HOST COMPUTER INTERFACE 

The device will work with a variety of Host Computers. The 
HOST interface consists of a chip select, one address line, 
2 control lines and an 8 bit three state data bus. Internal logic 
of the device, controlled by MCR4, configures, the address 
and two control lines to either a 6500 or 8080 operational 
methodology. The interface is completely asynchronous and 
will work with a Host Computer up to a 5 MHz bus transfer 
rate. The device clock input frequency need not be the same 
as the Host's. A mode control register is set to match the 
interface to that of the Host device as follows: 
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MCR4 = When MCR4 is set to a logic zero, tlie IPC is 
configured to operate on a 6502/6800 type host 
bus. In this mode, the E input is connected to 
the host transfer strobeJVMA or 02 for 6800, 
02 for 6500) and the R/W input is connected to 
the host microprocessor R/W output line. Fig- 
ure 5-3 and Table 5-1 , together, specify the rel- 
evant timing for read and write cycles on this 
type of host bus. 

Table 5-1 . Host Interface 
Timing Characteristics BSEL = (6500) 



MCR4 = 1 When MCR4 is set to a logic one, the IPC is 
configured for operation on an 8080/280 type 
bus. In this mode, t he R D input is used as a 
read strobe and the WR input is connected to 
the write strobe of the host microprocessor bus. 
Figure 5-4 and Table 5-2 show the relevant tim- 
ing characteristics for this mode of operation. 



Table 5-2. Host interface 
Timing Characteristics BSEL = 1 (8080) 



CHARACTERISTICS 
1 AND 2 MHz 


SYMBOL 


MIN 


MAX 


OS, R/W, RS Setup Time 


tcs 


10 


— 


Access Time 


toA 


— 


90* 


Data Hold Time 


toHR 


10 


— 


Control Hold Time 


tnc 


10 


— 


Write Data Setup Time 


twos 


75 


— 


Write Data Hold Time 


toHW 


10 


— 


Write Stroke Width 


; twR V 


75 


— 



CHARACTERISTICS 
1AND2MH 


SYMBOL 


MIN 


MAX 


OS, AO Setup Time 


tcs 


10 


— 


Data Access Time on Read 


toA 


_ 


90* 


Data Hold Time 


toHR 


10 


— 


Control Hold Time 


: ; tHC 


10 


— 


Write Data Setup Time 


twos 


75 


— 


Write Data Hold Time 


tpHW 


10 


— 


Write Strobe Width 


twR 


75 


— 



*NOTE: 

90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf -f 1 TTL LOAD. 



*NOTE: 

90 ns when loading = 130 pf + 1 TTL LOAD and 
75 ns when loading = 90 pf + 1 TTL LOAD. 
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Figure 5-3. Timing Diagram— Host Interface (MCR4 = 0) (6500 Version) 
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Figure 5-4. Timing Diagram— Host Interface (MCR4 = 1) (8080 Version) 
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SECTIONS 
COUNTER/TIMERS 



The device contains a 16-bit counter and a 16-bit latch as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 

Counter 

• Pulse width measurement 

• Pulse Generation 

• Interval Timer 

• Event Counter 



Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, PA2 is selected for Counter I/O. 



6.1 COUNTER 

The Counter consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter (LC), Upper Counter 
(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001 A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFR5). 



The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 001 A. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 



The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 1 6-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to "1". This bit may be cleared by reading the Lower 
Count er at location 0019, by writing to address location 0019, 
or by RES. 



The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
Register. 



MCR1 
(bit 1) 


MCRO 
(bit 0) 


Mode 





1 
1 



1 


1 


Interval Timer 

Pulse Generation 

Event Counter 

Pulse Width Measurement 




The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are j2i2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line (PA2). 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer Mode 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 0019, the 
Counter is loaded with the Latch value. Note that the 
contents of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 

The Counter value is decremented by one couht at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore ^fxs to 65.535 
ms at the 1 MHz j^2 clock rate or 0.5^is to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the maxi- 
mum Counter value can be easily measured by counting IRQ 
interrupt requests in the counter IRQ interrupt routine. 

When the Counter decrements from 0000, the Counter Un- 
derflow (IFR5) is set to logic 1. If the Counter Interrupt Enable 
Bit (IER5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Underflo w bit in the Interrupt Flag Reg- 
ister can be exam ined in the IRQ interrupt routine to deter- 
mine that the IRQ was generated by the Counter Underflow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA I/O. 

A timing diagram of the Inten/al Timer Mode is shown in Fig- 
ure 6-1. 
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Figure 6-1 . Interval Timer Timing Diagram 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the PA2 line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter Underflow occurs, or a write 
is performed to address 0019. 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the PA2 line. The Counter decrements by one 
count at the 02 clock rate as long as the PA2 line is held in 
the low state. The Counter is stopped when PA2 is in the 
high state. 

The Counter underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the PA2 pin is held low. After the counter is 
stopped by a high level on PA2, the count will hold as long 
as PA2 remains high. Any further low levels on PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
of PA2. 



^ J J. 

CNTR > 


2.0V 


_j 1 r 
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1 1 






COUNT 




N-1 


N-2 


N-3 



The normal output waveform is a symmetrical square-wave. 
The PA2 output is initialized high when entering the mode 
and transitions low when writing to 0019. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode PA2 is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
fected is one-half the jZf2 clock rate. 

The Counter can count up to 65,535 occurrences before un- 
derf lowing. As in the other modes, the Counter Underflow bit 
(IER5) is set to logic 1 if the underflow occurs. 

Figure 6.2 is a timing diagram of the Event Counter Mode. 
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Figure 6-2. Event Counter Mode 
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SECTION? 
POWER ON/INITIALIZATION CONSIDERATIONS 



7.1 POWER ON TIMING 

After application of VCC power to the device, RES must be 
held low for at least eight stable 02 clock cycles after Vcc 
reaches operating range. 

Figure 7-1 Illustrates the power turn-on waveforms. External 
clock stabilization time is typically 20ms. 



'" |<*- Clock StablllutlonTiRM-^ 

» ..M>^^AAA^A^^^^AAAa^^^^^^^,^^^ 

■4 S /s Clock CyciM Min — 



7.3 RESET (RES) CONDITIONS 

When RES is driven from low to high the device is put in a 
reset state causing the registers and t/0 ports to be set as 
shown in Table 7-1. 

Table 7-1. RES Initialization of I/O Ports and Registers 
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Figure 7-1 . Power Turn-On Timing Detail 



All RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern. 



7.2 POWER-ON RESET 

The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit— bit 2 of the Processor 
Status Register — and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. Ail of the 
I/O ports will be initialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing the Interval 
Timer counter mode to be selected and causing all interrupt 
enabled bits to be reset. 



7.4 INITIALIZATION 

Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an initialization 
routine should be executed to perform (as a minimum) the 
following functions: 

1. The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls and Counter as required 

5. Clear Interrupts. 

A typical initialization routine could be as follows: 



IPX 

TXS 
CLD 
SEC 



CLI 



Load stack pointer starting address into 

X Register 

Transfer X Register value to Stack Pointer 

Clear Decimal Mode 

Set Carry Flag 

Set-up Mode Control, 

Counter, special function 

registers and Clear RAM as required 

Clear Interrupts 
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APPENDIX A 
EXPANDED R6502 INSTRUCTION SET 



This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 



The four instructions notated with a * are added instructions 
for the IPC devices which are not part of the standard 6502 
instruction set. 



A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 



MNEMONIC 


INSTRUCTION 


MNEMONIC 


INSTRUCTION 


ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


"AND" Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 






LSR 


Shift One Bit Right (Memory or 
Accumulator) 


*BBR 


Branch on Bit Reset Relative 






*BBS 


Branch on Bit Set Relative 






BGC 


Branch on Carry Clear 


NOP 


No Operation 


BOS 


Branch on Carry Set 






BEQ 


Branch on Result Zero 






BIT 


Test Bits in Memory with Accumulator 


ORA 


"OR" Memory with Accumulator 


BMI 


Branch on Result Minus 






BNE 


Branch on Result not Zero 






BPL 


Branch on Result Plus 


PHA 


Push Accumulator on Stack 


BRK 


Force Break 


PHP 


Push Processor Status on Stack 


BVC 


Branch on Overflow Clear 


PLA 


Pull Accumulator from Stack 


BVS 


Branch on Overflow Set 


PLP 


Pull Processor Status from Stack 


CLC 


Clear Carry Flag 


*RMB 


Reset Memory Bit 


CLD 


Clear Decimal Mode 


ROL 


Rotate One Bit Left (Memory or 


CLI 


Clear Interrupt Disable Bit 




Accumulator) 


CLV 


Clear Overflow Flag 


ROR 


Rotate One Bit Right (Memory or 


CMP 


Compare Memory and Accumulator 




Accumulator) 


CPX 


Compare Memory and Index X 


RTI 


Return from Interrupt 


CPY 


Compare Memory and Index Y 


RTS 


Return from Subroutine 


DEC 


Decrement Memory by One 


SBC 


Subtract Memory from Accumulator with 


DEX 


Decrement Index X by One 




Borrow 


DEY 


Decrement Index Y by One 


SEC 


Set Carry Flag 






SED 


Set Decimal Mode 






SEI 


Set Interrupt Disable Status 


EOR 


"Exclusive-Or" Memory with 


*SMB 


Set Memory Bit 




Accumulator 


STA 


Store Accumulator in Memory 






STX 


Store Index X in Memory 






STY 


Store Index Y In Memory 


INC 


Increment Memory by One 






INX 


Increment Index X by One 






INY 


Increment Index Y by One 


TAX 


Transfer Accumulator to Index X 






TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 


JMP 


Jump to New Location 


TXA 


Transfer Index X to Accumulator 


JSR 


Jump to New Location Saving Return 


TXS 


Transfer Index X to Stack Register 




Address 


TYA 


Transfer Index Y to Accumulator 
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A.2 R6500/1-11 INSTRUCTION SET SUMMARY TABLE 

















ADDRESSING MODES 


PROCESSOR STATUS 
CODES 


MNEMONIC 


OPERATION 














IMMEDIATE 


ABSOLUTE 


ZERO PAGE 


ACCUM. 


IMPLIED 


(IND, X) 


(IND), Y 


Z. PAGE, X 


ABS,X 


ABS, Y 


RELATIVE 


INDIRECT 


Z. PAGE, Y 


BIT ADDRESSING (OP BY BIT #) 


7 6 5 4 3 2 10 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


7 


OP 


IJ 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


JL 


# 


OP 


n 


# 





1 


2 


3 


4 


5 


6 


7 


N V • 


B D 1 Z C 


ADC 


A+M + C->A (4){1) 


69 


2 


2 


6D 


4 


3 


65 


3 


T 














61 


6 


T 


71 


.5 


2 


75 


4 


2 


7D 


4 


3 


79 


4 


3 





































N V . 


. . - z c 


AND 


A M-A (1) 


29 


2 


2 


2D 


4 


3 


25 


3 


2 














21 


6 


2 


31 


5 


2 


35 


4 


2 


3D 


4 


3 


39 


4 


3 




































N . 




z . 


ASL 


C^ 1 7 1 .-^ 








0E 


6 


3 


06 


5 


2 


0A 


2 


1 




















16 


6 


2 


IE 


7 


3 










































N - 




z c 1 


BBR[#(0-7)] 


Branch on M,-0 (5) 
















































































OF 


IF 


2F 


3F 


4F 


5F 


6F 


7F 














BBSt#(0-7)] 


Branch on M^ - 1 (5) 
















































































8F 


9F 


AF 


BF 


CF 


DF 


EF 


FF 














BCC 


Branch on C-0 (2) 






























































90 


2 


2 










































BCS 


Branch on C - 1 (2) 






























































BO 


2 


2 










































BEQ 


Branch on Z=1 (2) 






























































FO 


2 


2 










































BIT 


A M 








2C 


4 


3 


24 


3 


2 














































































V 


,Me 










BMI 


Branch on N-1 (2) 






























































30 


2 


2 










































BNE 


Branch on Z-0 (2) 






























































DO 


2 


2 










































BPL 


Branch on N--0 (2) 






























































10 


2 


2 










































BRK 


Break 


























00 


7 


1 














































































BVC 


Branch on V-0 (2) 






























































50 


2 


2 










































BVS 


Branch on V- 1 (2) 






























































70 


2 


2 










































CLC 


0-C 


























18 


2 


1 














































































CLD 


0->D 


























D8 


2 


1 














































































CLI 


0-1 


























58 


2 


1 














































































CLV 


0-.V 


























Be 


2 


1 















































































CMP 


A-M 


C9 


2 


2 


CD 


4 


3 


C5 


3 


2 










" 




CI 


6 


2 


D1 


5 


2 


D5 


4 


2 


DO 


4 


3 


D9 


4 


3 




































N . 




z c 


CPX 


X-M 


E0 


2 


2 


EC 


4 


3 


E4 


3 


2 














































































N • 




z c 


CPY 


Y-M 


C0 


2 


2 


CC 


4 


3 


C4 


3 


2 














































































N . 




z c 


DEC 


M-1-M 








CE 


6 


3 


C6 


5 


2 


























D6 


6 


2 


DE 


7 


3 










































N . 




z ■ 


DEX 


X-1-*X 


























CA 


2 


1 


































































N . 




z 




DEY 


Y-1— Y 


























88 


2 


1 


































































N • 




z 




EOR 


AVM-A (1) 


49 


2 


2 


40 


4 


3 


45 


3 


2 














41 


6 


2 


51 


5 


2 


55 


4 


2 


5D 


4 


3 


59 


4 


3 




































N . 




z 




INC 


M+1-M 








EE 


6 


3 


E6 






























F6 


6 


2 


FE 


7 


3 










































N • 




z 




INX 


X+1-X 


























EB 


2 


1 


































































N . 




z 




INY 


Y+1--Y 


























C8 


2 


1 


































































N • 




z 




JMP 


Jump (0 New Loc 








4C 


3 


3 
























































6C 


5 


3 
































JSR 


Jump Sub 








20 


6 


3 




























































































LDA 


M--A (1) 


A9 


2 


2 


AD 


4 


3 


AS 


3 


2 














A1 


6 


,2 


B1 


5 


2 


85 


4 


2 


BD 


4 


3 


"B9 


4 


3 




































N . 




z 




LDX 


M-X (1) 


A2 


2 


2 


AE 


4 


3 


AS 


3 


2 






































BE 


4 


.3 














B6 


4 


2 


















N . 




z 




LDY 
LSR 


M-Y (1) 


A0 


2 


2 


AC 

4E 


4 
6 


3 
3 


A4 
46 


3 
5 


2 
2 


4A 


2 


1 




















B4 
56 


4 
6 


2 
2 


BC 
5E 


4 

7 


3' 
3 










































N ■ 
• 




Icl 


0-17 1 - C 


NOP 


No Operation 


























EA 


2 


1 










































































ORA 


AVN4-A 


09 


2 


2 


0D 


4 


3 


05 


3 


2 














01 


6 


2 


11 


5 


2 


15 


4 


2 


ID 


4 


3 


19 


4 


3 




































N . 




z 




PHA 


A-Ms S-1->S 


























48 


3 


1 










































































PHP 


P-Ms S-1-S 


























08 


3 


1 










































































PLA 


S+1-S Ms-A 


























68 


4 


1 


































































N • 




z 




PLP 


S+1-S M&-P 


























28 


4 


1 




































































(Restored 




RMB[#(0-7)] 


0-M, (5) 
















































































07 


17 


27 


37 


47 


57 


67 


77 








R0L 


^7 '0^-^— fCU 








2E 


6 


3 


26 


5 


2 


2A 


2 


1 




















36 


6 


2 


3E 


7 


3 










































N • 




. z c 


R0R 

RTI 


^^5^-^? fli-. 








6E 


6 


3 


66 


5 


2 


6A 


2 


1 


40 


6 


1 














76 


6 


2 


7E 


7 


3 










































N . 


(Restored 


. z c 




RTS 


Rtrn Sub 


























60 


6 


1 








































































SBC 


A-M-C— A (1) 


E9 


2 


2 


ED 


4 


3 


E5 


3 


2 














El 


6 


2 


F1 


5 


2 


F5 


4 


2 


FD 


4 


3 


F9 


4: 


3 




































N V 




• Z (3) 


SEC 


1-C 


























38 


2 


1 






































































• '1 


SEO 


1— D 


























F8 


2 


1 










































































SEI 


1-T 


























78 


2 


1 












































































SMB[#(0-7)1 


1-M, (5) 
















































































87 


97 


A7 


B7 


C7 


D7 


E7 


F7 












STA 


A->M 








8D 


4 


3 


85 


3 


2 














81 


6 


2 


91 


6 


2 


95 


4 


2 


9D 


5 


3 


c , 


5 


3 














































STX 


X— M 








8E 


4 


3 


86 


3 


2 
























































96 


4 


2 




























STY 


Y— M 








8C 


4 


3 


84 


3 


2 


























94 


4 


2 


























































TAX 


A— X 


























AA 


2 


1 


































































N . 




• z 




TAY 


A— Y 


























A8 


2 


1 


































































N • 




• z 




TSX 


S-X 


























BA 


2 


1 


































































N . 




• z 




TXA 


X-A 


























8A 


2 


1 


































































N . 




• z 




TXS 


X— S 


























9A 


2 


1 










































































TYA 


Y— A 


























98 


2 


J_ 


































































N . 




:i.| 



NOTES 

t . Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3. Carry not = Borrow 

4. If in decimal mode Z flag is invalid 
accumulator must be checked on zero result. 

5. Effects S-bit data field of the specified zero page address. 



LEG 


END 


M. 


= Memory Bit 6 


X 


= Index X 




= Add 


Y 


= Index Y 


- 


= Subtract 


A 


= Accumulator 


A 


= And 


M 


= l^emory per effective address 


V 


= Or 


Ms 


= Memory per stack pointer 


"4- 


= Exclusive Or 


M. 


= Selector zero page memory bit 


m 


= Number of cycles 


M, 


= Memory Bit 7 


# 


= Number of Bytes 



33 
Ui 



a 

O) 
(Xl 

o 
o 



3 

«-^ 

<D 

(5' 

(D 

3 

t^ 

■0 

CD 

3- 
(D 

^. 

2. 
O 

o 



o 

0) 




R6541Qand R6500/43 



Intelligent Peripheral Controllers 



A.3 INSTRUCTION CODE MATRIX 



BRK 

Implied 

1 7 


ORA 

(IND, X) 

2 6 








ORA 
ZP 
2 3 


ASL 
ZP 
2 5 


RMBO 
ZP 
2 5 


PHP 

Implied 

1 3 


ORA 
IMM 
2 2 


ASL 

Accum 

1 2 






ORA 
ABS 
3 4 


ASL 
ABS 
3 6 


BBRO 

ZP 
3 5** 


BPL 
Relative 
2 2" 


ORA 

(IND), Y 
2 5* 






■ 


ORA 
ZP, X 
2 4 


ASL 
ZP, X 
2 6 


RMB1 
ZP 
2 5 


CLC 

Implied 

1 2 


ORA 
ABS, Y 
3 4* 


■ 






ORA 
ABS, X 
3 4* 


ASL 

ABS.X 

3 7 


BBR1 

ZP 

3 5" 


JSR 

Absolute 

3 6 


AND 

(IND.X) 

2 6 






BIT 
ZP 
2 3 


AND 
ZP 
2 3 


ROL 
ZP 
2 5 


RMB2 
ZP 
2 5 


PLP 

Implied 

1 4 


AND 
IMM 
2 2 


ROL 
Accum 
1 2 




BIT 
ABS 
3 4 


AND 
ABS 
3 4 


ROL 
ABS 
3 6 


BBR2 

ZP 
3 5** 


BMI 
Relative 
2 2" 


AND 

(IND, Y) 

2 5* 








AND 
ZP, X 
2 4 


ROL 
ZP, X 
2 6 


RMB3 
ZP 
2 5 


SEC, 

Implied 

1 2 


AND 
ABS, Y 
3 4* 








AND 
ABS.X 
3 4* 


ROL 

ABS, X 

3 7 


BBR3 

ZP 
3 5** 


RTI 

Implied 

1 6 


EOR 

(IND, X) 

2 6 








EOR 
ZP 
2 3 


LSR 
ZP 
2 5 


RMB4 
ZP 
2 5 


PHA 

Implied 

1 3 


EOR 
IMM 
2 2 


LSR 

Accum 

1 2 




JMP 
ABS 
3 3 


EOR 
ABS 
3 4 


LSR 
ABS 
3 6 


BBR4 

ZP 
3 5" 


BVC 
Relative 
2 2** 


EOR 
(IND), Y 
2 5* 








EOR 
ZP, X 

2 4 


LSR 
ZP.X 
2 6 


RMB5 
ZP 
2 5 


CLI 

Implied 
1 2 


EOR 
ABS.Y 
3 4* 








EOR 
ABS.X 

3 4* 


LSR 

ABS, X 

3 7 


BBR5 
ZP 

3 5" 


RTS 

Implied 

1 6 


ADC 

(IND, X) 

2 6 








ADC 
ZP 
2 3 


ROR 
ZP 
2 5 


RMB6 
ZP 
2 5 


PLA 

Implied 

1 4 


ADC 
IMM 
2 2 


ROR 

Accum 

1 2 




JMP 

Indirect 

3 5 


ADC 
ABS 
3 4 


ROR 
ABS 
3 6 


BBR6 
ZP 

3 5** 


BVS 
Relative 
2 2" 


ADC 

(IND. Y) 

2 5* 








ADC 
ZP, X 
2 4 


ROR 
ZP.X 
2 6 


RMB7 
ZP 
2 5 


SEI 

Implied 
1 2 


ADC 
ABS.Y 
3 4* 








ADC 
ABS.X 
3 4* 


ROR 

ABS,X 

3 7 


BBR7 

ZP 
3 5" 




STA 

(IND, X) 

2 6 






STY 
ZP 
2 3 


STA 
ZP 
2 3 


STX 
ZP 
2 3 


SMBO 
ZP 
2 5 


DEY 

Implied 

1 2 




TXA 

Implied 

1 2 




STY 
ABS 
3 4 


STA 
ABS 
3 4 


STX 
ABS 

3 4 


BBSO 

ZP 
3 5" 


BCC 
Relative 
2 2" 


STA 

(IND, Y) 

2 6 






STY 
ZP, X 
2 4 


STA 
ZP, X 
2 4 


STX 
ZP, Y 
2 4 


SMB1 
ZP 
2 5 


TYA 

Implied 

1 2 


STA 

ABS, Y 

3 5 


TXS 

Implied 
1 2 






STA 

ABS, X 

3 5 




BBS1 

ZP 

3 5" 


LDY 
IMM 
2 2 


LDA 

(IND,X) 

2 6 


LDX 
IMM 
2 2 




LDY 
ZP 
2 3 


LDA 
ZP 
2 3 


LDX 
ZP 
2 3 


SMB2 
ZP 
2 5 


TAY 

Implied 

1 2 


LDA 
IMM 
2 2 


TAX 

Implied 
1 2 




LDY 
ABS 
3 4 


LDA 
ABS 
3 4 


LDX 
ABS 
3 4 


BBS2 

ZP 
3 5** 


BCS 
Relative 

2 2** 


LDA 

(IND), Y 

2 5* 






LDY 
ZP.X 
2 4 


LDA 
ZP, X 
2 4 


LDX 
ZP,Y 
2 4 


SMB3 
ZP 
2 5 


CLV 
Implied 
1 2 


LDA 
ABS, Y 
3 4* 


TSX 

Implied 
1 2 




LDY 
ABS, X 

3 4* 


LDA 
ABS.X 
3 4* 


LDX 
ABS.Y 

3 4* 


BBS3 

ZP 
3 5" 


CPY 
IMM 
2 2 


CMP 

(IND, X) 

2 6 






CPY 
ZP 
2 3 


CMP 
ZP 
2 3 


DEC 
ZP 
2 5 


SMB4 
ZP 
2 5 


INY 

Implied 

1 2 


CMP 
IMM 
2 2 


DEX 

Implied 
1 2 




CPY 
ABS 
3 4 


CMP 
ABS 
3 4 


DEC 
ABS 
3 6 


BBS4 

ZP 
3 5" 


BNE 
Relative 
2 2" 


CMP 
(IND), Y 
.2 5* 








CMP 
ZP,X 
2 4 


DEC 
ZP, X 

2 6 


SMB5 
ZP 
2 5 


CLD 

Implied 

1 2 


CMP 
ABS, Y 
3 4* 








CMP 
ABS.X 
3 4* 


DEC 
ABS.X 
3 7 


BBSS 

ZP 
3 5" 


CPX 
IMM 
2 2 


SBC 

(IND, X) 

2 6 






CPX 
ZP 
2 3 


SBC 
ZP 
2 3 


INC 
ZP 
2 5 


SMB6 
ZP 
2 5 


INX 

Implied 

1 2 


SBC 
IMM 
2 2 


NOP 

Implied 

1 2 




CPX 
ABS 
3 4 


SBC 
ABS 
3 4 


INC 
ABS 
3 6 


BBS6 

ZP 
3 5" 


BEQ 
Relative 
2 2** 


SBC 
(IND),Y 
2 5* 








SBC 
ZP,X 
2 4 


INC 
ZP,X 
2 6 


SMB7 
ZP 
2 5 


SED 

Implied 

1 2 


SBC 
ABS.Y 
3 4* 








SBC 
ABS,X 
3 4* 


INC 

ABS. X 

3 7 


BBS7 
ZP 

3 5** 



B 



BRK 

Implied 

1 7 



—OP Code 

— Addressing Mode 

—Instruction Bytes; Machine Cycles 



*Add 1 to N if page boundary is crossed. 
'*Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 



CPU Registers 



Processor Status Register 



J ACCUMULATOR 

~| INDEX REGISTER Y 



]] INDEX REGISTER X 



J PROGRAM COUNTER PC 


"l STACK POINTER S 



|n| v| I B I D I I |Z JcTI PROCESSOR STATUS REG P 



Mode Control Register 



MCR 7 6 5 4 



BUS MODE 
SELECT 



2 1 ADOR0014 



1 = Carry Set 
= Carry Clear 



= Zero Result 
= Non-Zero Result 



- INTERRUPT DISABLE (I) (2) 
1 = IRQ Interrupt Disabled 
= IRQ Inteaupt Enabled 



- DECIMAL MODE (D) (1) 
1 = Decimal Mode 

== Binary Mode 

- BREAK COMMAND (B) (1) 

1 = Break Command 




- OVERFLOW (O) (i) 
1 = Overflow Set 
= Overflow Clear 



COUNTER 
SELECT MODE 



NOTES 

(1) Not Initialized by RES 

(2) Set to Logic 1 by RES 



1 ^ Negative Value 
= Positive Value 



BUS SELECT 

^ 6500/6800 BUS 

1 = Z8Q/8080 BUS 



I 1 

INTERVAL TIMER 

1 PULSE GENERATOR 

1 EVENT COUNTER 

1 1 PULSE WIDTH MEASUREMENT 



Interrupt Enable and Flag Registers 



n 



1 = INT 



PORT B ALL INPUTS 
1 PORT B ALL OUTPUTS 

ABBREVIATED BUS MODE 

1 MULTIPLEXED BUS MODE 



Host Status Flag Register 



F6 FS F4 F3 F2 F1 ODRF IDRF ADDR001E 



INPUT DATA REGISTER 
FULL FLAG 



1 ADDR0012 



ADDR0011 



PAD POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 



PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 
INTERNA L INTE RRUPT 
REQUEST.IRQ ENABLE 



EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 



COUNTER UNDERFLOW 
INTERRUPT ENABLE 



Host Addressing Matrix 



COPIES RS ON 
WRITE FROM HOST 



GENERAL PURPOSE 
FLAGS STATUS REGISTER 
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RS (Ao) 


READ 


WRITE 


1 


HOST 
STATUS FLAG 


COMMAND 
INPUT 





DATA REG 
OUTPUT 


DATA REG 
INPUT 



APPENDIX C 
C.I MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS 



30 
Ol 



PORT B ALL INPUTS 

& 

PORT B ALL OUTPUTS 



FFFE 


IRQ VECTOR 


FFFC 


RES VECTOR 


FFFA 


NMI VECTOR 


FOOO 


4K USER 
PROGRAM 




RESERVED 


007F 
0040 


INTERNAL RAM (64) 




RESERVED 


001F 
0000 


I/O & REGISTERS 



ABBREVIATED BUS MODE 

FFFE 
FFFC 
FFFA 



, OFFF 



i 



0100 
007F 



001 F 
0000 1 



4K USER 
PROGRAM 



PERIPHERAL 
ADDRESSES 

(16) 



INTERNAL RAM (64) 



I/O &• REGISTERS 



MULTIPLEXED BUS MODE 

FFFE 
FFFC 
FFFA 



T" 



i 



0100 
007F 



001 F 
0000 



4K USER 
PRdGRAM. 



EXTERNAL MEMORY 
4096-128 



INTERNAL RAM (64) 



I/O & REGISTERS 





R65d0/43 
(W/BOOT STRAP ROM) 


FFFE 


IRQ VECTOR 


FFFC 


(OP RESET VECTOR) 


FFFA 


NMI VECTOR 


FOOO 


4K 
USER PROGRAM 


1000 








OFFC 


RESET VECTOR 


OFFB 
OFOO 


BOOT STRAP 
ROM (256) 


0100 


NOT 
AVAILABLE 


007F 
0040 


INTERNAL 
RAM (64) 




RESERVED 


001 F 
0000 


I/O & REGISTERS 



' R6541 & R6500/43 
(W/O BOOT STRAP ROM) 



FFFE 


IRQ VECTOR 


FFFC 


RES VECTOR 


FFFA 


NMI VECTOR 


FOOO 


4K 

USER 

PROGRAM 




NOT AVAILABLE 


OFFF 
0080 


EXTERNAL 
MEMORY 
4056-128 


007F 
0040 


INTERNAL 
RAM (64) 




RESERVED 


001 F 
0000 


I/O & REGISTERS 



INTERNAL REGISTERS 



HBB Status Register HBB Status Register 
Input Host Bus Buffer Output Host Bus Buffer 



Lower Counter A Lower Latch A 

Lower Counter A# Upper Latch A'# 

Upper Counter A Upper Latch A 



Mode Control Reg. 



Mode Control Reg. 



Interrupt Enable Reg. Interrupt Enable Reg. 

Interrupt Flag Reg. 

Read FF CIr Interrupt Flag Reg. 



NOT AVAILABLE 



I/O PORT G 
I/O PORT B 
I/O PORT A 

*--AND START COUNTER 
# CLEAR FLAG 



001 F 
001 E 
001 D 
001 C 
001 B 
001 A 
0019 
0018 
0017 
0016 
0015 
0014 
0013 
0012 
0011 
0010 
OOOF 



0003 
0002 



a 

D 
o> 

Ol 

o 
o 

€4 



in 

(D 

3 

13 

■5' 

IT 
CD 

SL 

O 
o 



o 
5" 

0) 
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C.2 I/O AND INTERNAL REGISTER ADDRESSES 



ADDRESS 


READ 


WRITE 


001 F 
1E 
ID 
1C 


Host Status Fiag Register 
Input Data Register (IDR) 


Host Status Flag Register 
Output Data Register (ODR) 


1B 
1A 
19 
18 


Lower Counter 

Lower Counter & Clear Flag (IFR5) 

Upper Counter 


Lower Latch 

Upper Latch/Transfer Latch to Counter & Clear Flag {IFR5) 

Upper Latch 


17 
16 
15 
14 


Mode Control Register 


Mode Control Register 


13 
12 
11 
10 


Interrupt Enable Register 
Interrupt Flag Register 
Read "FF" 


Interrupt Enable Register 
Clear Int Flag Bit 


OF 
OE 
OD 
OC 








OB 
OA 
09 
08 








07 
06 
05 
04 




— 


03 
02 
01 
00 


Porte 
Porte 
Port A 


Porte 
Porte 
Port A 



C.3 MULTIPLE FUNCTION PIN ASSIGNMENTS 



PIN NUMBER 


I/O 


ABBREVIATED PORT 


MULTIPLEXED PORT 


R6541Q R6500/43 


FUNCTION 


FUNCTION 


FUNCTION 


31 


PCO 


AO 


AO 


30 


PCI 


A1 


A1 


29 


PC2 


A2 


A2 


28 


PC3 


A3 


A3 


27 


PC4 


R/W 


R/W 


26 


PC5 


EMS 


EMS 


25 


PC6/INT 


PC6/INT 


PC6/INT 


49 


PBO 


DO 


A4/D0 


50 


PB1 


D1 


A5/D1 


51 


PB2 


D2 


A6/D2 


52 


PB3 


D3 


A7/D3 


53 


PB4 


D4 


A8/D4 


54 


PBS 


D5 


A9/D5 


55 


PB6 


D6 


A10/D6 


56 


PB7 


D7 


A11/D7 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 



Maximum Ratings 



RATING 


SYMBOL 


VALUE 


UNIT 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


v,; 


-0.3 to +7.0 


Vdc 


Operating Temperature Range, 
Commercial 


T 


Oto+70 


°c 


Storage Temperature Range 


Tst, 


-65 to +150 


°C 



Tiiis device contains circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 

D.C. Characteristics (Vcc = 5V ± 5% Vss = 0) 



CHARACTERISTIC 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


Power Dissipation (Outputs High) 
Commercial 0°C to +70°C 


Pq 


- 


500 


- 


mW 


Input High Voltage (Normal Operating Levels) 


V,H 


+2.0 


— 


Vcc 


Vdc 


Input Low Voltage (Normal Operating Levels) 


V,L 


-0.3 


— 


+0.8 


Vdc 


Input Leakage Current 
Vi, = to 5.25 Vdc 


I.N 


-10.0 




+ 10.0 


iuAdc 


Input Low Current 
(V,L = 0.4 Vdc) 


I.L 




-1.0 


-1.6 


mAdc 


Output High Voltage 

(Vcc = min, Load = -100 //.Adc) 


VoH 


+2.4 


- 


Vcc 


Vdc 


Output High Voltage 
(Vcc = min) 


Vc^.os 


Vcc-30% 


— 


Vcc 


Vdc 


Output Low Voltage 

(Vcc = min, iLoad = 1-6 mAdc) 


Vol 


— 


— 


+0.4 


Vdc 


Output High Current (Sourcing) 
(VoH = 2.4 Vdc) 


loH 


-100 


— 


— 


MAdc 


Output Low Current (Sinking) 
(Vo. = 0.4 Vdc) 


lot 


1.6 


— 


— 


mAdc 


Darlington Current Drive, PE* 
(VoH = 1.5Vdc) 


loH 


-1.0 


— 


— 


mAdc 


Output Low Current, PE* 
(Vol = 0.4 Vdc) 


loL 


1.6 


— 


— 


mAdc 


Input Capacitance 

(Vin - 0, Ta = 25°C, f = 1 .0 MHz) 
PA, PB, PC, PF*, PG* 


Cin 


' 


' 


10 


pF 


Output Capacitance 

(Vin - 0, Ta = 25°C, f = 1.0 MHz) 


Cqut 


— 


— 


10 


pF 


I/O Port Resistance 
PA0-PA7, PC0-PC6 
PF0-PF7, PG0-PG7 


Rl 


3.0 


6.0 


11.5 


YSi 



NOTE: Negative sign indicates outward current flow, positive indicates inward flow. Vcc = 5V ± 5% *R6500/42 only 
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APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 



E.I GENERAL NOTES 

1. Vcc 5V ±5°o. 0°C < Ta < 70°C 

2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0,8V and 2.0V, unless other- 
wise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130 pF maximum, except as noted 
below: 

PA, PB — 50 pF maximum 

PB, PC (I/O Modes Only) — 50 pF maximum 
PB, PC (ABB and Mux Mode) — 130 pF maximum 



E.2 CLOCK TIMING 



Symbol 


Parameter 


1 MHz 


2 MHz 


MIn 


Max 


Min 


Max 


TcYC 


Cycle Time 


1000 


10 /ts 


500 


10 lis 


Tpw0o 


CLKIN Input Clock 
Pulse Width 


475 


— 


240 


— 


Tpwoa 


Output Clock 
Pulse Width at 
Minimum Tcyq 


Tpw0o 


Tpw0o 
+ 25 


T"pw0O 


Tpw0o 
+ 20 


Tr.Tp 


Output Clock 
Rise, Fall Time 


— 


25 


— 


15 


T,R. T,F 


Input Clock Rise, 
Fall Time 


— 


10 


— 


10 
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E.3 ABBREVIATED MODE TIMING— PB AND PC 



(MCR 5 = 


1,MCR6 = 0, MCR7 = 1) 










SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TpcRs 


(PCS) R/W Setup Time 


— 


22S 


— 


140 


TpCAS 


(PC0-PC3) Address Setup Time 


— 


225 


— 


140 


TpBSU 


(PB) Data Setup Time 


50 


- 


35 


- 


1 PBHR 


(PB) Data Read Hold Time 


10 


— 


10 


- 


TpBHW 


(PB) Data Write Hold Time 


30 


- 


30 


- 


TpBDD 


(PB) Data Output Delay 


— 


175 


- 


150 


1 PCHA 


(PC0-PC3) Address Hold Time 


30 


- 


30 


— 


TpcHR 


(PCS) R/W Hold Time 


30 


- 


30 


- 


TpcHV 


(PC4) EMS Hold Time 


10 


- 


10 


- 


T"pCVP 


(PC4) EMS Stabilization Time 


30 


— 


30 


— 


Tesu 


EMS Setup Time 


— 


350 


— 


210 


NOTE 1 : Values assume PC0-PG5 have the same capacitive load. 



E.3.1 Abbreviated Mode Timing Diagram 



R/W 
(PCS) 



EMS 
(PC4) 



sri 



\L 



^_ 
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r 
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-P 
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"M- 



> 
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E.4 MULTIPLEXED MODE TIMING— PB AND PC 



(MCR 5 = 


1,MCR6 = 1,MCR7 = 1) 










SYMBOL 


PARAMETER 


1MHz 


2 MHz 


MIN 


MAX 


MiN 


MAX 


Tpcfis 


(PCS) R/W Setup Time 


— 


22S 


: — 


140 


•PCAS 


(PC0-PC3) Address Setup Time 


- 


225 


— 


140 


TpBAS 


(PB) Address Setup Time 


— 


225 




140 


• PBSU 


(PB) Data Setup Time 


50 


— 


35 


— 


' PBHR 


(PB) Data Read Hold Time 


10 


- 


10 


- 


T>.BHW 


(PB) Data Write Hold Time 


30 


— 


30 


— 


' PBDD 


(PB) Data Output Delay 


- 


175 


— 


150 


TpCHA 


(PC0-PC3) Address Hold Time 


30 


— 


30 


— 


TpBHA 


(PB) Address Hold Time 





100 





80 


' PCHR 


(PCS) R/W Hold Time 


30 


— 


30 


— 


TpCHV 


(PC4) EMS Hold Time 


10 


— . 


10 


— 


Tpcvd'^' 


(PC4) Address to EMS Delay Time 


30 


~" 


30 


— 


Tpcvp 


(PC4) EMS Stabilization Time 


30 


— 


30 


— 


Tesu 


EMS Setup Time 


- 


350 


- 


210 


N0TE1:Va 


lues assume PC0-PC5 have the same capacitive load. 



B 



E.4.1 Multiplex Mode Timing Diagram 



R W 
(PCS) 



EMS 
(PC4) 



ir 



jri. 
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E.5 I/O, EDGE DETECT AND COUNTER TIMING 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


TcMos'^' 

TpoDW 


Internal Write to Peripheral Data Valid 
PA, PC TTL 
PA, PC CMOS 
PB 


- 


500 

1000 

175 


- 


500 

1000 

150 


' PDSU 
^PDSU 


Peripheral Data Setup Time 
PA, PC 
PB 


200 
50 


- 


200 
50 


- 


TpHfl 
TpHR 


Peripheral Data Hold Time 
PA, PC 
PB 


75 
10 


-. , 


75 
10 


- 


T.PW 


PA0-PA1 Edge Detect Pulse Width 


TcYC 


— 


Tcyc 


— 


'CPW 


Counter 
PA2 Input Pulse Width 
PA2 Output Delay 


TcYC 


500 


Tcvc 


500 



NOTE 1: Maximum Load Capacitance: 50pF Passive Pull-Up Required 



E.5.1 I/O, Edge Detect, Counter. 



PA0-PA7 _ 

PB0-PB7 

PC0-PC7 



Edge Detects 
(PA0-PA1) 



CNTR 
PA2 



CNTR 
PA2 



PA0-PA7 
PB0-PB7 
PC0-PC6 



X 



-^ 



-V. 



:>: 



X 



X 



T 



X 
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E.6 MICROPROCESSOR TIMING (DO-D7, 
A0-A12, A15, SYNC, RM) 



SYMBOL 


PARAMETER 


1 MHz 


2 MHz 


MIN 


MAX 


MIN 


MAX 


• RWS 


R/W Setup Time 


— 


225 


— 


140 


T.OS 


A0-A12, AlSSetup 
Time 


— 


150 


— 


75 


Tqsu 


D0-D7 Data Setup Tjme 


50 


— 


35 


— 


Th« 


D0-D7 Read Hold Time 


10 


- 


10 


— 


Thw 


D0-D7 Write Hold Time 


30 


— 


30 


— 


' MOS 


D0-D7 Write Output 
Delay 


— 


175 


— 


130 


' SYN 


SYNC Setup 


- 


225 


— 


175 


Tha 


A0-A12, A15 Hold Time 


30 


— 


30 


— 


Thrw 


R/W Hold Time 


30 


— 


30 


— 


T.CC 


External Memory Access 
Time T«cc Tcvc— T^ — 

•aos Tdsu 




Tacc 




Tacc 


TSYH 


SYNC Hold Time 


30 


- 


30 


- 




E.6.1 Microprocessor Timing Diagram 
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MEMORY PRODUCTS 
System ROM, Advanced CMOS and EEPROM 



Multi-chip systems need memory. How much and what 
type is up to the designer. Some memory devices are high 
volume, low price products. Some are tougher to produce. 
Rockwell is as good as you can get at tough ROM, custom 
coded, rriide to order, 32K through 128K. So, when you're 
assembling a microprocessor based system, Rockwell can 
deliver it all, including ROM. 

And, If you're working on a low power, high speed, 
system, Rockwell can supply CMOS ROM. 

For systems needing low-power custom memory, we even 
offer CMOS UV EPROMs - ROM that can be electrically 
programmed and erased with ultraviolet light. 

But Rockwell is also into some very new technology, with 
5V EEPROMs. The new R5213 16K EEPROM has a 



10 millisecond/byte erase/write time and unlimited read 
cycles. Each byte may be erased and written a minimum of 
10,000 times, with a fast access time of less than 250 ns. 
And, there's mdre: the R2816A and R5516A, with on-chip 
timing and data latches. The R2816AH writes a byte in only 
2 ms while the R5516A improves endurance to at least 
1,000,000 write cycles/byte. 

So, whatever your system need, Rockwell has the right 
ROM— NMOS, CMOS, UV EPROM and EEPROM. 

Our multi- and single-chip microprocessor and micro- 
computers, 8 or 16 bit, are the most usable product line 
available today. And, to help make them even more usable, 
we also offer memory. 



Rockwell Has The Right ROM For Your System 



Memory 


Part No. 


Product Description 


Access Time 
(Nanoseconds) 


Package 


NMOS 
EEPROM 


R2816A -25 
-3 
-35 


16K (2K X 8) 5V Latched EEPROM 
with On-Board Timer 
(10 ms Write Cycle)(2 ms Write Cycled 
(10,000 Write Cycles/Byte) 


-250 
-300 
-350 


24-Pin 
CERDIP 


R5213 -25 
-3 
-35 


16K(2K X 8) 5V EEPROM 


-250 
-300 
-350 


24-Pin 
CERDIP 


R5516A -25 
-3 
-35 


16K (2K X 8) 5V Utched EEPROM 
with On-Board Timer 
(10 ms Write Cycle) 
(1,000,000 Write Cycles/Byte) 


-250 
-300 
-350 


24Pin 
CERDIP 


R52B33 -2 
-25 
-3 
-35 


64K (8K X 8) 5V Utched EEPROM 


-200 
-250 
-300 
-350 


24-Pin 
CERDIP 


CMOS 
EPROM 


R2716P -25 
-350 


64K (8K X 8) One-Time PROM 


-250 
-350 


28-Pin 
Plastic DIP 


R87C32 -35 
-45 
-55 


32K (4K X 8) 5V UV EPROM 


-350 
-450 
-550 


24-Pin 
CERDIP 


R87C64 -2 
-25 
-35 


64K (8K X 8) 5V UV EPROM 


-200 
-250 
-350 


28-Pin 
CERDIP 


CMOS 
ROM 


R23C64 -15P 

-25R -25PE 

-3P 

-35PE 


64K (8K X 8) Static ROM 


-150 
-250 
-300 
-350 


28-Pin 
Plastic DIP1 


NMOS 
ROM 


R2332A2 .2P 

-25P, -25SP, -25EP 
-3R -3SP, -3EP 
-P, -SP, -EP 


32K (4K X 8) Static ROM 


-200 
-250 
-300 
-450 


24-Pin 
Plastic DIPi 


R2364A -2P 
-25P 
-3P, -3SP, -3EP 


64K (8K X 8) Static ROM 


-200 
-250 
-300 


24-Pin 
Plastic DIPi 


R2364B -3P, -3SR -3EP 


64K (8K X 8) Static ROM 


-300 


28-Pin 
Plastic DIPi 


R23128 -25R-25EP 
-3R -3EP 


128K (16K X 8) Static ROM 


-250 
-300 


28-Pin 
Plastic DIP1 


NOTES: LEGEND 

1. Also available in ceramic DIP. 3. R2816AH only. A = T.l./Motorola JEDEC E = Ext. Temp. (-40° to 85°C) 

2. Also available in alternate 24-pin pinout (R2332B ). S = Standby power 
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R2332A and R2332B 

Memory Products 




R2332A AND R2332B 
32K (4K X 8) STATIC ROM 



DESCRIPTION 

The R2332A and R2332B ROMs are 32,768-bit static Read- 
only iVIennories (ROIVIs), organized as 4,096 eight-bit bytes, that 
offer maximum access times of 200 to 450 nanoseconds, 
respectively. These ROMs are in industry-standard 24-pin, dual 
in-line packages, and are available in ceramic or low-cost plastic. 
These fully-static 32K-bit ROMs are compatible with 8-bit NMOS 
microprocessors, including the R6500 family of microprocessors. 

All R2332A and R2332B ROMs operate totally asynchronously 
and require no clock input. These devices provide tri-state out- 
put buffers for memory expansion. These ROMs offer TTL input 
and output levels with a minimum noise immunity of 0.4 volts. 

The mask-programmable chip enable input (E/E) may be pro- 
grammed to function as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programrnable. 

FEATURES 

• 4,096 X 8 organization 

• Access time: 200 ns, 250 ns, 300 ns, and 450 ns (max.) 

• Low power dissipation is 125 mW active, 37.5 mW standby 

• Drives two TTL loads and 100 pF 

• Single +5V ± 10% power supply 

• Totally static operation, no input clock required 
« Completely TTL compatible 

• Mask-programmable chip enable and chip select 

• Tri-state outputs for memory expansion 

ORDERING INFORMATION 



Part Number: R2332- 

Note: Submit ROM 
codes using Rockwell 
ROM Code Order 






L Package: 

C = Ceramic 

P = Plastic 

—Temperature Range: 

No letter = 0°C to +70°C 

E = -40°C to +85°C 

Power Down Standby Mode: 

S = Yes 
No letter = No 

Af^^occ Timo /K/lav \- 




2 = 200 ns 
25 = 250 ns 

3 = 300 ns 
No number(s) = 450 ns 


Form, Order No. 
2137. 


A = R2332A 
B = R2332B 



— 






1 








E/E/N 










j 




i 


' ' 






POWER 




CHIP 






DOWN 




SELECT 






ACT/STBY 

.11 




DECODER 




AO 

A1 

A2 

A3 


UJ 




32,768-BIT 
ROM 




I 

m 


QO 

Q1 

02 

Q3 


A4 

A5 

A6 


sg 




CELL ARRAY 

A 




o 


04 

05 

06 

Q7 




u 

COLUMN 






DECODER 






(1 OF 32) 










1 1 1 

A7 A8 A9 A10A11 











R2332A and R2332B Block Diagram 





R2332A 






R2332B 




A7 CZ 


1 24 


ZD VCC 


A7 cz: 


1 


24 


ZD VCC 


A6 CZ] 


2 23 


Z3 A8 


A6 UZ 


2 


23 


Z3 A8 


A5 C 


3 22 


=] A9 


A5 CZ 


3 


22 


ZD A9 


A4 LZ 


4 21 


Z3 G/Q/N* 


A4 iz: 


4 


21 


ZD All 


A3 ni 


5 20 


m E/i/N- 


A3 tz: 


5 


20 


ZZ\ G/G/N* 


A2 CZ 


6 19 


13 A10 


A2 cz 


6 


19 


Z3 A10 


A1 cq 


7 18 


ZJ All 


A1 C= 


7 


18 


ZD E/E/N* 


AO (zq 


8 17 


ZD Q7 


AO cz 


8 


17 


Z3 07 


QO n^ 


9 16 


=1 06 


QO cz 


9 


16 


Zl 06 


Qi I=J 


10 15 


Z3 05 


01 cz 


10 


15 


Z3 05 


02 H 


11 14 


Z3 Q4 


02 cz 


11 


14 


Z3 04 


GND C 


12 13 


Z3 Q3 


GND CI 


12 


13 


ZH 03 


* Mask-programmable option 






*N = No effect on selection/enable logic, however, no voltage 


other than logic levels shall be applied. 





R2332A and R2332B Pin Configuration 



Document No. 29000D89 
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Data Sheet Order No. D89 
Rev. 2, l\^arch 1984 



R2332A and R2332B 



32K (4K X 8) Static ROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.5 to +7.0 


Vdc 


Output Voltage 


VouT 


-0.5 to +7.0 


Vdc 


Temperature Under Bias 
Commercial 
Industrial 


Ta 


-10 to +80 
-50 to +95 


°C 


Storage Temperature 


TsTG 


-65to+150 


°C 


Power Dissipation 


p 


1.0 


W 



*NOTE: Stresses above those listed under "Absolute Maximunn 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS Vcc = 5 ov ± 


10%, Ta = 


= 0°C to 70°C (unless othen^/ise specified) 


Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


VoH 


Output High Voltage 


2.4 




Vcc 


V 


Vcc = 4.5V, loH = -400 /uA 


Vol 


Output Low Voltage 






0.4 


V 


Vcc = 4.5V, loL = 3.3 mA 


V,H 


Input High Voltage 


2.0 




Vcc 


V 




V,L 


Input Low Voltage 


-0.5 




0.8 


V 




Ili 


Input Load Current 






10 


mA 


Vcc = 5.5V, OV ^ V,N^ 5.5V 


Ilo 


Output Leakage Current 






±10 


)aA 


Vcc = 5.5V, chip deselected, 
VouT = +0.4VtoVcc 


»cc 


Power Supply Current, Active 




25 


55 


mA 


Vcc = 5.5V 


ISB 


Power Supply Current, Standby^ 




7.5 


16 


mA 


c, 


Input Capacitance2 






7 


pF 


Vcc = 5.0V, chip deselected, pin 
under test at OV, Ta = 25°C, 
f = 1 MHz 


Co 


Output Capacitance^ 






10 


PF 


Notes: 

1. Applies only to chip enable with power down standby mode. 

2. This parameter is periodically sampled and is not 100% tested. 



AC CHARACTERISTICS Vcc = sov ± 10%, 


Ta = 0°C to 70°C (unless othenwise specified) 








Symbol 


Parameter 


R2332-2 


R2332-25 


R2332-3 


R2332-45 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tAVAX 


Address Valid to Address Don't Care 


200 




250 




300 




450 




ns 


tELEH 


Chip Enable Low to Chip Enable Highs 


200 




250 




300 




450 




ns 


UVQV 


Address Valid to Output Valid (tAcc) (Access) 




200 




250 


-" — 


300 




450 


ns 


^ELOV 


Chip Enable Low to Output Valid (Access)^ 




200 




250 




300 




450 


ns 


UvQX 


Address Valid to Output (toH) Invalid 


10 




10 




10 




10 




ns 


^ELOX 


Chip Enable Low to Output (tco) Invalid 


10 




10 




10 




10 




ns 


tEHQZ 


Chip Enable High to Output High Z (top) 


10 


704 


10 


70^ 


10 


70^ 


10 


70^ 


ns 


tpu 


Chip Selection to Power Up Time^ 






















ns 


tpD 


Chip Deselection to Power Down Time^ 




100^ 




100^ 




100^ 




100^ 


ns 


UVEL 


Address Valid to Chip Enable Low 






















ns 


tQLQV 


Chip Select Low to Output Valid^ 


10 


90^ 


10 


90^ 


10 


90^ 


10 


90^* 


ns 


tGHQZ 


Chip Select High to Output High Z^ 


10 


70^ 


10 


70^ 


10 


70^ 


10 


70^* 


ns 


Notes: 

1. Test Conditions: 

Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1 .5V; Output: 0.8V, 2.0V. 

2. Mask-programmed for chip enable with power down standby mode. . . 

3. Mask-programmed for chip enable without power down standby mode. 

4. Add 20 ns for extended temperature devices (-40°C to +85°C). 
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R2332A and R2332B 



32K (4K X 8) Static ROM 



TIMING DIAGRAMS 

READ CYCLE TIMING 1 
(E HELD LOW) 



ADDRESS 
INPUTS 



Q (DATA OUT) 



READ CYCLE TIMING 2 



ADDRESS 
INPUTS 



E (CHIP ENABLE) 



Q (DATA OUT) 



Vcc SUPPLY 'cc 
CURRENT IsB 



G (CHIP SELECT) 
(SHOWN ACTIVE LOW) 



UvAX- 



ADDRESS VALID 



tAVQV - 



PREVIOUS DATA VALID 



DATA VALID 



*AVEL 



ADDRESS VALID 



- *ELQV - 
ELQX ^ 



-t, 

HIZ 



.....zt.':.; 



^E=^ 



DATA VALID 



tEHQZ 



"V-Hi: 



tpD 



*GHQZ 




TYPICAL CHARACTERISTICS 



SUPPLY CURRENT VS AMBIENT TEMPERATURE 



/u 

60 
50 










1 




































-^5° 




















r^ 


^^/ 








10 

n 




vSfa 


ndbyi 




^^ 


^ +1 


25° 
5.0V 






>PK^ 


■ 



-60° -30" 0° 30° 60° 90° 120° 150° 

T^ — Ambient Temperature— X 



ACCESS TIME 

VS 

AMBIENT TEMPERATURE 



SUPPLY CURRENT VS SUPPLY VOLTAGE 

70 
60 



700 
















600 
500 












































200 

100 














+ 


125°C 






^ji 


c^ 


V 


CC = 5.0V 


-55;. 


"^ 






2 
C 


TILL 


DADS 
OpF 



-60° -30° 0° 30° 60° 90° 120° 150° 

T^— Ambient Temperature--''C 





— 1 




























































' 








' "^ 


^ 


TV£i£2 


^--- 




25°C 




;' S 


■ 




Ta - 



3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 

Vcc~Volts 
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R2332A and R2332B 



32K (4K X 8) Static ROM 



PACKAGE DIMENSIONS 



24-PiN CERAMIC DIP 



PIN NO. 1 -4* 
IDENT. 



0.610 
0.580 



— 1 .230 - 
1.190 

0.530 
-0.450 




0.023-J||V- 0.110 

0.045 



24-PIN PLASTIC DIP 



I n n n n n n rj r 



PIN NO. 1 
IDENT. 



0.550 
0.530 




0.020 
10.160 



t^, 



*- 



-_^ 1^ 0.110 
[ 0.032 REF 0.090 



_ 0.700 ^ 
0.600 



0.015 
0. 
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R2364A 

Memory Products 




R2364A 
64K (8K X 8) STATIC ROM 



DESCRIPTION 

The R2364A2, R2364A25 and R2364A3 are 65,536-bit static 
Read-Only Memories (I^Ms), organized as 8,1 92 eight-bit bytes, 
that offer maximum access times of 200, 250 and 300 nano- 
seconds, respectively. These ROMs are in industry-standard 
24-pln, dual in-line packages, and are available in ceramic or 
low-cost plastic. These fully-static 64K-bit ROMs are conipatible 
with all eight-bit N-channel microprocessors, including the R6500 
family of microprocessors. 

All three R2364A ROMs operate totally asynchronously, and 
require no clock input. These devices provide tri-state output 
buffers for memory expansion. The R2364A ROMs offer TTL 
input and output levels with a minimum noise immunity of 0.4 
volts. 

The mask-programmable chip enable input (E/E) may be pro- 
grammed to functbn as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input Is also programmable. 

FEATURES 

• 8,192 X 8 organization 

• Access time: 200 ns, 250 ns, and 300 ns (max.) 

• Low power dissipation: 125 mW active, 37.5 mW standby 

• Drives two TTL loads and 1 00 pf 

• Single +5V ± 10% power supply 

• Totally static operation, no input clock required 

• Completely TTL compatible 

• Mask-programmable chip enable 

• Tri-state outputs for memory expansion 

ORDERING INFORMATION 



Part Number: R2364A 



-Package: 

C = Ceramic 
P = Plastic 

-Temperature Range: 
No letter = 0''C to -f 70°C 

E = -40°C to +85°C 



- Power Down Standby Mode: 
S = Yes 
No letter = No 



Access Time (Max): 

Note: Submit ROM codes using the 2 = 200 ns 



Rockwell ROM Code Order Form, 
Order No. 2137. 



25 = 250 ns 
3 = 300 ns 





1 


e/|-" ■ ■■ ■ LI 1 ■ 














\ 










POWER 






DOWN 










ACT/STBY 

11 








AO^ 






V 




'[ 


— QO 


A1 — 


8s 








CO 
OC 


— Q1 

— 02 


A2 — 




65.536 BIT 




■■■■^ ■■ 


— 03 


A3^ 




ROM 




ffi 
a 


— 04 
^05 


A4^^^^ 


ui u. 
QO 




CELL ARRAY 




A5 — 


§^ 










— 06 


A6 — 
A7—- 


OC 








07 




A 














M 








COLUMN 






DECODER 








(1 OF 32) 












III II 

A8 A9A10A11A12 











R2364A Block Diagram 



A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
00 
01 
02 
GND 



1 


J- 

24 


2 


23 


3 


22 


4 


21 


5 


20 


6 


19 


7 ,,, 


16 


8 


17 


9 


16 


10 


15 


11 


14 


12 


13 



VCC 

A8 

A9 

ID A12 
E/E* 
A10 
A11 
07 
06 

04 
03 



*Mask-programniable option 



R2364A Pin Configuration 
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Data Sheet Order No. D63 
Rev. 3, March 1984 



R2364A 



64K (8K X 8) Static ROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


In0ut Voltage 


V.N 


-0.5 to +7.0 


Vdc 


Output Voltage 


VouT 


-0.5 to +7.0 


Vdc 


Temperature Under Bias 
Commercial 
Industrial 


Ta 


-10 to +80 
-50 to +95 


°c 


Storage Temperature 


TSTG 


-65 to +150 


°C 


Power Dissipation 


P 


1.0 


W 



*NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those Indicated in the 
operational sections of this specification is not Implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


VoH 


Output High Voltage 


2.4 




Vcc 


V 


Vcc = 4.5V, loH = -400 ^A 


Vol 


Output Low Voltage 






0.4 


V 


Vcc = 4.5V, loL = 3.3 mA 


V,H 


Input High Voltage 


2.0 




Vcc 


V 




V,L 


Input Low Voltage 


—0.5 




0.8 


V 




lu 


Input Load Current 






10 


>A 


Vcc = 5.5V, OV « Vin ^ 5.5V 


Ilo 


Output Leakage Current 






±10 


/xA 


Vcc = 5.5V, Chip Deselected, 
VouT = +0.4V to Vcc 


Ice 


Power Supply Current, Active 




25 


55 


mA 


Vcc = 5.5V 


■sB 


Power Supply Current, Standby^ 




7.5 


16 


mA 


C| 


Input Capacitance2 






7 


pF 


Vcc = 5.0V, chip deselected, pin 
under test at OV, Ta = 25°C 

f = 1 MHz 


Co 


Output Capacitance2 






10 


PF 


Notes: 

1. Applies only to chip enable with power down standby mode. 

2. This parameter is periodically sampled and is not 100% tested. 



AC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = (fC to 70°C (unless otherwise specified) 



Symbol 


Parameter 


R2364A2 


R2364A25 


R2364A3 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


^AVAX 


Address Valid to Address Don't Care 


200 




250 




300 




ns 


^ELEH 


Chip Enable Low to Chip Enable High2 


200 




250 




300 




ns 


UVQV 


Address Valid to Output Valid (Iacc) (Access) 




200 




250 




300 


ns 


tELQV 


Chip Enable Low to Output Valid (Access)^ 




200 




250 




300 


ns 


UVQX 


Address Valid to Output (toH) Invalid 


10 




10 




10 




ns 


^ELOX 


Chip Enable Low to Output (tco) Invalid 


10 




10 




10 




ns 


tEHQZ 


Chip Enable High to Output High Z (top) 


10 


70^ 


10 


704 


10 


70^ 


ns 


tpu 


Chip Selection to Power Up Time^ 

















ns 


tpD 


Chip Deselection to Power Down Time^ 




100^ 




1004 




100^ 


ns 


tAVEL 


Address Valid to Chip Enable Low 

















ns 


tQLQX 


Chip Select Low to Output Invalid^ 


10 


90^ 


10 


90^ 


10 


904 


ns 


tCHQZ 


Chip Select High to Output High Z 


10 


TO'* 


10 


70^ 


10 


704 


ns 


Notes: 

1 . Test Conditions: 

Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V, Output: 0.8V, 2.0V. 

2. Mask-programmed for chip enable with power down standby mode. 

3. Mask-programmed for chip enable without power down standby mode, 

4. Add 20 ns for extended temperature devices (-40°C to +85°C). 
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R2364A 



64K (8K X 8) Static ROM 



TIMING DIAGRAMS 

READ CYCLE TIMING 1 (E HELD LOW) 



ADDRESS 
INPUTS 



Q (DATA OUT) 

READ CYCLE TIMING 2 

ADDRESS 
INPUTS 



ADDRESS VALID 



■V,H 
■Vn 



- *AVQV ■ 



- UVQX • 



PREVIOUS DATA VALID 



DATA VAUD 



E (CHIP ENABLE) 
Q (DATA OUT) - 



ADDRESS VALID 



^LEH - 



" tcLQX 



- *ELQX ■ 

-HIZ 



■ *ELQV 



Vcc SUPPLY Ice 
CURRENT IsB 



—^ tpu I- 



Iqhqz 

*EHQZ 



■v,„ 



DATA VALID 



T-HIZ ^°" 
-^ Vol 



^^ 



TYPICAL CHARACTERISTICS 

SUPPLY CURRENT VS AMBIENT TEMPERATURE 



60- 
50- 
40- 



E 
I 
8 30h 



20- 
10 ^ 
oL 













































-55° 


•x^ 














^^ 


fe^ 


'^^/ 










Sta 


ndbyl 


ypjcaf 


"^ 




25° 
5 0V 













-60° -30° 0° 30° 60° 90° 120° 150° 

Ta — Ambient Temperature— ^C 



SUPPLY CURRENT VS SUPPLY VOLTAGE 

70 



1 40 

II 

o 
o 30 

20 

10 


3.5 4.0 4.5 5.0 5.5 60 6.5 7.0 

Vcc— Volts 





















































^> 








f 


^ 










' " 


.^^-^iS^ 


\^^^ 








^sv*::^* 






Ta- 





ACCESS TIME VS AMBIENT TEMPERATURE 



700 
















500 
















400 
































200 












+ 


125»C 


100 







v^ 


0^ 


V 


CC = 5.0V 


"^?- 


'^ 






2 

c 


. = 10 


DADS 
OpF 



30° 60° 90° 120° 150° 

Ta— Ambient Temperature— "C 
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R2364A 



64K (8K X 8) Static ROM 



PACKAGE DIMENSIONS 



24-PIN CERAMIC DIP 



24-PIN PLASTIC DIP 



PIN NO. 1 - 
IDENT. 



, n n n n n n, o i 



n n n n n n 



PIN NO. 1 
IDENT. 



- 1.230 - 
1.190 



UUUUUUUUUUUUUI 
,^______^ 1 .260 



0.550 
0.530 




0.065— Ilk- — lU-U L-0.110 fL 0.700 .1 

n not _ .JT" [J ' '^ ^ 



->||>-0023 0.1 



032 REF 0.090 
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R2364B 

Memory Products 




R2364B 
64K (8K X 8) STATIC ROM 



DESCRIPTION 

The R2364B2, R2364B25 and R2364B3 are 65,536-bit static 
Read-Only Memories (ROMs), organized as 8,192 eigtit-bit bytes, 
that offer maximum access times of 200, 250 and 300 nano- 
seconds, respectively. These ROMs are In industry-standard 
28-pin, dual in-line packages, and are available in ceramic or 
low-cost plastic. These fully-static 64K-bit ROMs are compatible 
with all eight-bit N-channel microprocessors, including the R6500 
family of microprocessors. 

All three R2364B ROMs operate totally asynchronously, and 
require no clock input. Three mask-programmable chip select 
inputs allow up to eight 64K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The R2364B ROMs offer TTL Input and 
output levels with a minimum noise immunity of 0.4 volts. 

The mask-programmable chip enable input (E/E) may be pro- 
grammed to function as a chip select without pow^r down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programmable. 

FEATURES 

• 8,192 X 8 organization 

• Access time: 200 ns, 250 ns and 300 ns (max.) 

• Low power dissipation: 125 mW active, 37.5 mW standby 

• Drives two TTL loads and 100 pF 

• Single +5V ±10% power supply 

• Totally static operation, no input clock required 

• Completely TTL compatible 

• Three tri-state mask-programmable chip select inputs 

• Mask-programmable chip enable 

• Tri-state outputs for memory expansion 

ORDERING INFORMATION 



Part Number: R2364B- 



Note: Submit ROM codes using 
Rockwell ROM Code Order 
Form, Order No. 2137 



C = Ceramic 
P = Plastic 

-Temperature Range: 

No letter = 0°Cto +70°C 
E = -40°C to +85°C 

. Power Down Standby Mode 
S = Yes 
No letter = No 

Access Time (Max): 

2 = 200 ns 
25 = 250 ns 

3 = 300 ns 













1 












POWER 

DOWN 

ACT/STBY 




CHIP 
SELECT 
DECODER 


- G/G/N 

- S1/S1/N 
~ S2/S2/N 










y 






V 






AO 

Af 

A2- — 

A3 

A4-^ — 
A5 — 

A6 

A7 






65,536 BIT 

ROM 

CELL ARRAY 


- 


DC 


— QO 
Q1 

Q2 

Q3 

04 

— Q5 

06 

07 




A 














II 






COLUMN 
DECODER 
(10F32) 










i 1 111 
A8 A9 A10A11 A12 













R2364B Block Diagram 



NO E= 


1 28 


=1 vcc 


A12 [= 


2 27 


=1 S2/S2/N* 


A7 CZ 


3 26 


— 1 SI/ST/N* 


A6 |— 


4 25 


Z3 A8 


A5 d 


5 24 


=: A9 


A4 nz 


6 23 


ZH All 


A3 CZ 


7 22 


Z3 G/G/N* 


A2CZ 


8 21 


13 A10 


A1 EI 


9 20 


=DE/i* 


AOCZ 


10 19 


=] Q7 


QO E= 


11 18 


=1 Q6 


Q1 d 


12 17 


Z3 Q5 


Q2 c:z 


13 16 


ZD Q4 


GND CZ 


14 15 


ZDQ3 


*Mask-programmabl( 
N = No effect on sek 
than logic levels sha 


5 option. 

jction/enable logic 
1 not be applied. 


however, voltage other 



R2364B Pin Configuration 
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Data Sheet Order No. D62 
Rev. 3, March 1984 



F(2364B 



64K(8K X 8) Static ROM 



ABSOLUTE MAXIMUM RATINGS* 





Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


Input Voltage 


V,^, 


-0.5 to +7.0 


Vdc 


Output Voltage 


VoUT 


-0.5 to +7.0 


Vdc 


Temperature Under Bias 
Commercial 
Industrial 


Ta 


-10 to +80 
-50 to +95 


°C 


Storage Temperature 


TSTG 


-65 to +150 


°C 


Power Dissipation 


P 


1.0 


W 



*NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


VOH 


Output High Voltage 


2.4 




Vcc 


V 


Vcc = 4.5V, loH = -400 M 


Vol 


Output Low Voltage 






0.4 


V 


Vcc = 4.5V, loL = 3.3 mA 


V,H 


Input High Voltage 


2.0 




Vcc 


V 




V,u 


Input Low Voltage 


-0.5 




0.8 


V 




Ili 


Input Load Current 






10 


M 


Vcc = 5.5V, OV ^ Vin « 5.5V 


Slo 


Output Leakage Current 






±10 


/xA 


Vcc = 5.5V, chip deselected, 
VouT= +0.4VtoVcc 


Ice 


Power Supply Current, Active 




25 


55 


mA 


Vcc = 5.5V 


ISB 


Power Supply Current, Standby^ 




7.5 


16 


mA 


c, 


Input Capacitance^ 






7 


PF 


Vcc = 5.0V, chip deselected, pin 
under test at OV, Ta = 25°C 

f = 1 MHz 


Co 


Output Capacitance^ 






10 


PF 


Notes: 

1 . Applies only to chip enable with power down standby mode. 

2. This parameter is periodically sampled and is not 100% tested. 



AC CHARACTERISTICS 

Vcc = 50V ± 10%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


' - - 

Parameter 


R2364B2 


R2364B25 


R2364B3 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tAVAX 


Address Valid to Address Don't Care 


200 




250 




300 




ns 


tELEH 


Chip Enable Low to Chip Enable High2 


200 




250 




300 




ns 


tAVQV 


Address Valid to Output Valid (tAcc) (Access) 




200 




250 




300 


ns 


tELQV 


Chip Enable Low to Output Valid (Access)^ 




200 




250 




300 


ns 


tAVQX 


Address Valid to Output (toH) Invalid 


10 




10 




10 




ns 


tELQX 


Chip Enable Low to Output (tco) Invalid 


10 




10 




10 




ns 


tEHQZ 


Chip Enable High to Output High Z (top) 


10 


704 


10 


704 


10 


704 


ns 


tpu 


Chip Selection to Power Up Time2 

















ns 


tpD 


Chip Deselection to Power Down Time^ 




100^ 




1004 




1004 


ns 


tAVEL 


Address Valid to Chip Enable Low 

















ns 


tQLQV 


Chip Select Low to Output Valida 


10 


90^ 


10 


904 


10 


904 


ns 


tQHQZ 


Chip Select High to Output High Z 


10 


704 


10 


704 


10 


704 


ns 


Notes: 4. Add 20 ns for extended temperature devices (-40°C to +85°C). 

1 . Test Conditions: 5. G may be delayed up to Iavov - tciov after ^he falling edge of E 

Output Load: 2 TTL Loads and 100 pF; Input Transition Time: without impact on tAVQv Data is available at the outputs after a 
20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8V, 2.0V. delay of tsLov from the falling edge of G, provided that E has been 

2. Mask programmed for chip enable with power down standby mode. low (V|l) and addresses have been valid for at least tAvov - tcLov 

3. Mask programmed for chip enable without power down standby mode. 6. tgHoz and t^^Qz are specified from G or E, whichever occurs first. 
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R2364B 



64K (8K X 8) Static ROM 



TIMING DIAGRAMS 

READ CYCLE TIMING 1 (E HELD LOW) 

ADDRESS 
INPUTS 



UVAX- 



ADDRESS VALID 



*AVQV 



Q (DATA OUT) 

READ CYCLE TIMING 2 

ADDRESS 
INPUTS 



PREVIOUS DATA VALID 



DATA VALID 



^ma 



E (CHIP ENABLE) 



Q (DATA OUT) - 

Vcc SUPPLY 'cc 
CURRENT IsB 

G/Si/S2 



• *AVEL 



ADDRESS VALID 



■ *ELEH - 



— *ELQX • 

■HIZ — 



■^^ 



(CHIP SELECTS) 
(SHOWN ACTIVE LOW) 



tpu V^ — 

JUT— 



<: 



tQLQV" 



DATA VALID 



Jf 



*EHQZ 



V,L 



V,H 
V,L 



> 



HIZ- 



tpD 1^, 



TYPICAL CHARACTERISTICS 



SUPPLY CURRENT VS 
AMBIENT TEMPERATURE 

70r 



50- 
40- 
30- 
20- 
10 ^ 

oL 













































-^5° 
















^ 


tefe 


fe^e/ 










Sta 


ndbyl 




"^ 


^ +1 


25° 
5.0V 

- 











-60° -30° 0° 30° 60° 90° 120° 150° 

T^— Ambient Temp6rature~-*^C 



ACCESS TIME VS 
AMBIENT TEMPERATURE 

700 
600 

500 

c 

I 400 



300 
200 





































































+ 


I25°C 






1^ 


^ 


V 


CC = 5.0V 


-55° . 








2 
C 


TILL 
. = 10 


DADS 
OpF 



-60° -30° 0° 30° 60° 90° 120° 150° 

T^— -Ambient Temperature— **C 



SUPPLY CURRENT VS 
SUPPLY VOLTAGE 

70r 



50 

I 40 

II 
3 30 

20 





























































f 


^ 


'' 










...«.tffl2 


V^^- 


-Ta = 


25°C 




sv*::^-* 







3.5 4,0 4 5 5.0 5.5 6.0 6.5 7.0 

Vcc— Volts 
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R2364B 



64K (8K X 8) Static ROM 



PACKAGE DIMENSIONS 



28-PIN CERAMIC DIP 




28-PIN PLASTIC DIP 

nAAAA^AAr>A^lA^lrl 



PIN NO. 1 
--^ IDErCT 



(1.470) 



T 

(-550) 
(.530) 

A. 



(■160) 
(.140) 

i 



"mwmwmjf 



110) \ 
(.090)1 

(.155) (.065) 
(.125) (.015) 



(-085) 
(.065) 




(.150) (.060) 
(.125) (.020) 
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R23C64 

Memory Products 




DESCRIPTION 

The Rockwell R23C64 is an 8K x 8 (65,536 bits) CMOS static 
read-only-memory (ROM) housed in a 28-pin JEDEC standard 
(B version) package. It is fabricated in CMOS technology to 
achieve high performance with extremely low power dissipation. 
This device is available with maximum access times of 150, 250, 
or 300 nanoseconds, optional extended temperature range, and 
packaged in ceramic or low-cost plastic. 

The R23C64 is controlled viathechip enable (E) and the mask 
programmable chip selects (G/G/N, S1/S1/N,_S2/S2/N). The 
addresses are latched on the falling edge of E, allowing the 
R23C64 to operate on multiplexed busses as well as non- 
multiplexed buses. The chip selects control the output buffers, 
however, these buffers do not become active until valid data is 
present from the internal data latches. This prevents spurious, 
invalid outputs that increase power dissipation. When E is high, 
the output buffers are in the high impedance state and the 
address and chip select pins are ignored. E may also be held 
low indefinitely, keeping the address latched and the output buf- 
fers under chip select control. 

FEATURES 

• 8,192 X 8 organization 

• JEDEC approved pinout 

• Extremely low power 
—Active 10 mW (max.) 
—Active (quiescent) 50 /tW 
—Standby 50 /tW (max.) 

• Fast access times: 150 ns, 250 ns and 300 ns (max.) 

• Mask programmable chip selects 

• Latched addresses and (optional) latched chip selects 

• Drive two TTL loads and 130 pF 

• Single 5V ±10% power supply 

• Pin compatible with Rockwell R2364B NMOS ROMs and 
R87C64 and R2764 EPROMs 

ORDERING INFORMATION 



PRELIMINARY 



Part Number: R23C64 _ 

Note: Submit ROM 




L Temperature Range: 
No letter = 0°Cto +70°C 

E = -40°C to +85°C 

Package: 

C = Ceramic 
P = Plastic 

Arr.ess Time (MaxV. 


codes using Rockwell 
ROM Code Order Form, 
Order No. 2137. 


15 = 150 ns 

25 = 250 ns 

3 = 300 ns 



A0-A12 



O 



CA CO 
CO UJ 



X 



is 

UJ 

o 



65^536 BIT 
MEMORY 
ARRAY 



<> 



OfG- 
S1/S1- 
S2/S2- 



POWER 

DOWN 

CIRCUITRY 

I 



COLUMN DECODER 



DATA LATCHES 



CHIP 
SELECT 
DECODER 



sz: 



I/O BUFFERS 



Q0-Q7 



R23C64 Block Diagram 



NCC~ 


1 28 


m vcc 


A12 CZ 


2 27 


=1 S2/S2/N* 


A7c: 


3 26 


Z3 S1/S1/N* 


A6c: 


4 25 


HI A8 


A5CZ 


5 24 


Z3 A9 


A4 C= 


6 23 


Z3 All 


A3 en 


7 22 


HJ G/G/N* 


A2CZ 


8 21 


m A10 


A1 C= 


9 20 


ZD E 


AO CZ 


10 19 


=3 07 


00 m 


11 18 


HI 06 


01 CI 


12 17 


ZJ 05 


02 c: 


13 16 


=3 04 


GND CI 


14 15 


=103 


*Mask-programmab 

N » No effect on s 

than logic lev* 


le option, 
election logic, hov 
i\ shall not be app 


vever, voltage greater 
>lied. 



R23C64 Pin Configuration 
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Data Sheet Order No. l\/IM05 
Rev. 1, March 1984 



R23C64 



64K (8K X 8) CMOS Static ROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to Vcc + 0.3 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc + 0.3 


Vdc 


Temperature Under Bias 
Commercial 
Industrial 


Ta 


-10 to +80 
-50 to +95 


OQ 


Storage Temperature 


TSTG 


-55 to +150 


°C 


Power Dissipation 


P 


1.0 


W 



*NOTE: Stresses above those listed under "Absolute MaxInnum 
Ratings" may cause pernnanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = O'^C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


VoH 


Output High Voltage 


2.4 




Vcc 


V 


Vcc = 4.5V, loH = -200 M + 130 pF 


Vol 


Output Low Voltage 






0.4 


V 


Vcc = 4.5V, loL = 3.2 mA + 130 pF 


V,H 


Input High Voltage 


2.0 




Vcc 


V 




V.L 


Input Low Voltage 


-0.3 




0.8 


V 




Id 


Input Load Current 






±1 


IxA 


Vcc = 5.5V, OV « V|N ^ 5.5V 


Ilo 


Output Leakage Current 






±10 


jjlA 


Vcc = 5.5V, chip deselected, 
VouT= +0.4VtoVcc 


Ice 


Power Supply Current, Active 






2 

1 


mA 
mA 


Telqv = 150 ns\ Vcc = 5.5V 
Telqv = 300 ns2, Vcc = 5.5V 


ISB 


Power Supply Current, Standby 






10 


/xA 


E = Vcc -0.5V; all other pins active 


c, 


Input Capacitance (all but E) 
(E) 




5 
10 




PF 
PF 


Vcc = 5.0V, chip deselected, pin under 
test at OV, Ta = 25°C, f = 1 MHz 


Co 


Output Capacitance^ 




10 




pF 




Notes: 

1- Teleh = 150 ns, all pins active, no loads, 1 ^tsec cycle time (Telel = 1 MS). 

2. Teleh = 300 ns, all pins active, no loads, 2 /Asec cycle time (Telel = 2 /as). 

3. This parameter is periodically sampled and is not 100% tested. 
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R23C64 



64K (8K X 8) CMOS Static ROM 



AC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Tft = 0°C to 70°C (unless otherwise Specified) 



Symbol 


Parameter 


R23C64-15 


R23C64-25 


R23C64-3 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^ELEL 


Cycle Time 


220 




365 




465 




ns 


tELEH 


Chip Enable Low to Chip Enable High 


150 




250 




300 




ns 


teHEL 


Chip Enable High to Chip Enable Low 


60 




100 




150 




ns 


^ELQV 


Chip Enable Low to Output Valid (Access) 




150 




250 




300 


ns 


UVEL 


Address Setup Time 

















ns 


tELAX 


Address Hold Time 


50 




65 




80 




ns 


^GVOV 


Chip Select Valid to Output Valid 






100 




150 




ns 


tEHQz'^ 


Chip Enable High to Output High Z 




50 




50 


10 


50 


ns 


tGXQz' 


Chip Selects Invalid to Output High Z 


10 


50 


10 


50 


10 




ns 


tF.tR 


Rise and Fall Times^^' 




10 




15 




20 


ns 


Notes: 

1 . Test Conditons: Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1 .5V; Output: 0.8V, 2.0V. 

2. Rise and Fall times stated are required for these high performance parameters only and may be relaxed to 100 ns for slower operation, 
e.g., 100 kHz operation. _ 

3. G may be delayed up to tAVQ\r*GLQv after the falling edge of E without impact on tAVQv Data is available at the outputs after a delay of 
^GLQv ^rom the falling edge of G, provided that E has been low (V, J and addresses have been valid for at least Uvov-IgloV' 

4- ^EHOZ. tQHQZ s""© specified from G or E whichever occurs first. 



TIMING DIAGRAM 

READ CYCLE TIMING 



ADDRESSES ' 



G/S1/S2 

CHIP SELECTS ' 



Q (DATA OUT) . 



-*ELEL 




- tQVQV - 

HI- 



K 



-^ELGV- 



5ATA 
VALID 



Hl-Z 
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R23C64 



64K (8K X 8) CMOS Static ROM 



PACKAGE DIMENSIONS 



28-PIN CERAMIC DIP 



) 






(.590) 
(.570) 

1 




(012) 
"(.008) 



(.090) ] 

(.155) (.065) 
(.125) (.015) 



28-PIN PLASTIC DIP 






PIN NO. 1 
IDENT 



(1.470) 



(550) 
(.530) 
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R23128 

Memory Products 




R23128 
128K (16K X 8) STATIC ROM 



DESCRIPTION 

The R231 28-25 and R231 28-3 are 1 31 ,072-bit static Read-Only 
Memories (ROMs), organized as 16,384 eight-bit bytes, that 
offer maximum access times of 250 and 300 nanoseconds, 
respectively. These ROMs are in industry-standard 28-pin, dual 
in-line packages, and are available in ceramic or low-cost plastic. 
These fully-static 128K-bit ROMs are compatible with all N- 
channel microprocessors. 

The R23128 ROMs operate totally asynchronously, and require 
no clock input. Three mask-programmable chip select inputs 
allow up to eight 128K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The R23128 ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 volts. 

The chip enable input (E) functions as a chip enable with power 
down standby mode. When this line is high the chip is disabled 
and enters a low power standby state. 

FEATURES 

• 16,384 X 8 organization bytes 

• Access time: 250 ns and 300 ns (max.) 

• Low typical power dissipation is 100 mW active, 20 mW 
standby 

• Drives two TTL loads and 100 pF 

• Single +5V ± 10% power supply 

• Totally static operation, no input clock required 

• Completely TTL compatible 

• Three mask-programmable chip select inputs 

• Tri-state outputs for memory expansion 



ORDERING INFORMATION 



Part Number: R23128^ 

Note: Submit ROM 
codes using Rockwell 
ROM Code Order Form, 
Order No. 2137 




•- Package: 

= Ceramic 
P = Plastic 

' Temperature Range: 

No letter = 0°C to +70°C 

E = -40°C to +85°C 


25 = 250 ns 
3 = 300 ns 



- - — ■— - ■ 1 
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CHIP 
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Q1 


A3 


UJ 
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UJ 
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Q3 


A4 

AS 


UJ LL 

o o 




ROM 
CELL ARRAY 


— ^ m 

3 


Q4 


A6 










Q. 
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Q5 

Q6 
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Q7 


A8 
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If 

COLUMN 
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R23128 Block Diagram 
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A12 CZ 

A7 iz: 
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3 26 


HI vcc 

III S1/S1/N* 
Z3 A13 


A6 d 


4 25 


ZD A8 


A5 CZ 
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A3 CZ 


5 24 

6 23 

7 22 


ZD A9 

Z3 A11 

ID G/G/N* 


A2 CZ 

A1 CZ 


8 21 

9 20 


ZD AID 

mi 


AOCZ 

QO CZ 


10 19 

11 18 


=1 Q7 
ZD Q6 


Q1 d 


12 17 


Z3 Q5 


02 d 


13 16 


ZD Q4 


GND [z: 


14 15 


ZD Q3 


* Mask-programmable 
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greater than logic le 
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'lection/enable 
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R23128 Pin Configuration 
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Data Sheet Order No. MM03 
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R23128 



128K (16K X 8) Static ROM 



ABSOLUTE MAXIMUM RATINGS* 





Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


Input Voltage 


Vin 


-0.5 to +7.0 


Vdc 


Output Voltage 


Vout 


-0.5 to +7.0 


Vdc 


Temperature under Bias 
Commercial 
Industrial 


Ta 


-10 to +80 
-50 to +95 


°C 


Storage Temperature 


TSTG 


-65 to +150 


°C 


Power Dissipation 


Pd 


1.0 


W 



*NOTE: Stresses above those listed under "Absolute Maxinrium 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = 0°C to 70°C (unless othen/vise specified) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


VOH 


Output HIGH Voltage 


2.4 




Vcc 


V 


Vcc = 4.5V, loH = -400 /xA 


Vol 


Output LOW Voltage 






0.4 


V 


Vcc = 4.5V, Iql = 3.3 mA 


V,H 


Input HIGH Voltage 


2.0 




Vcc 


V 




V,L 


Input LOW Voltage 


-0.5 




0.8 


V 




Ili 


Input Load Current 






10 


mA 


Vcc = 5.5V, OV ^ Vin ^ 5.5V 


Ilo 


Output Leakage Current 






±10 


/.A 


Vcc = 5.5V, chip deselected 
Vout = +0.4VtoVcc 


Ice 


Power Supply Current, Active 




20 


55 


mA 


Vcc = 5.5V 


ISB 


Power Supply Current, Standby 




7.5 


16 


mA 




Co 


Input Capacitance^ 
Output Capacitance^ 






7 
10 


PF 
PF 


Vcc == 5.0V, chip deselected, pin 
under test at OV, Ta = 25°C 
f = 1 MHz 


Note: 

1. This parameter is periodically sampled and is not 100% tested. 



AC CHARACTERISTICS 

Vcc = 50V ± 1 0%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


R231 28-25 


R23128-3 


Units 


Min 


Max 


Min 


Max 


^AVAX 


Address Valid to Address Don't Care 


250 




300 




ns 


tELEH 


Chip Enable Low to Chip Enable High 


250 




300 




ns 


tAVQV 


Address Valid to Output Valid (tAcc) (Access) 




250 




300 


ns 


tELQV 


Chip Enable Low to Output Valid (Access) 




250 




300 


ns 


tAVQX 


Address Valid to Output (toH) Invalid 


10 




10 




ns 


tELQX 


Chip Enable Low to Output (tco) Invalid 


10 




10 




ns 


fEHQZ 


Chip Enable High to Output High Z (top) 


10 


70 


10 


70 


ns 


tpu 


Chip Selection to Power Up Time 












ns 


tpD 


Chip Deselection to Power Down Time 




100 




100 


ns 


tAVEL 


Address Valid to Chip Enable Low 












ns 


tcLQV 


Chip Select Low to Output Valid 


10 


902 


10 


902 


ns 


fcHQZ 


Chip Select High to Output High Z 


10 


702 


10 


702 


ns 


Notes: 

1 . Test Conditions: 3. G may be delayed up to tAvov-toLOv after the falling edge of E 

Output load: 2 TTL loads and 100 pF without impact on tAVQv Data is available at the Q outputs after a 
Input transition time: 20 ns delay of Iglov f''0'^ the falling edge of G, provided that E has been 
Timing reference levels: Input: 1.5V; Output: 0.8V, 2.0V low (VjJ and addresses have been_valid_for at least tAvov-tGLOv- 

2. Add 20 ns for extended temperature devices {-40°C to +85°C). 4. tcnoz ^"d t^Hoz are specified from G or E, whichever occurs first. 
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R23128 



128K(16Kx 8) Static ROM 



TIMING DIAGRAMS 



READ CYCLE 

TIMING 1 

(E HELD LOW) 



ADDRESS 
INPUTS 



Q (DATA OUT) PREVIOUS DATA VALID 



READ CYCLE 
TIMING 2 



ADDRESS 
INPUTS 



E (CHIP ENABLE) 



Q (DATA OUT) 



Vcc SUPPLY "cc 
CURRENT Ub 



G/S1 CHIP SELECTS 
(SHOWN ACTIVE LOW) 



ELQX *-i 



-HIZ- 



J= 
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ADDRESS VALID 



t 



■ 'glqv ■ 



DATA VALID 



- (ACTIVE) - 



J- 



>HIZ.;o 



*PD 1^ 

*GHQZ t— - — 




TYPICAL CHARACTERISTICS 



SUPPLY CURRENT VS AMBIENT TEMPERATURE 
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Ta*— Ambient Temperature— "C 
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R23128 



128K (16K X 8) Static ROM 



PACKAGE DIMENSIONS 



28-PIN CERAMIC DIP 



) 








1 

(.590) 
(.570) 

i 




(.008) 



(.090) \ 

(.155) (.065) 
(.125) (.015) 



28-PIN PLASTIC DIP 

JlilfljQJlMilililAAM 



(012) __^ 




(.085) — 

(.065) 



- r — (-sso) — H 

_(.L) JL 1 1 -^h (-^"o) jT 

k (-023) -"^^ ^^^ ^m (.150) (.060) 



(.015) 



(.090) (.125) (.020) 



(.015) 
(.008) 



4-22 



R27G64P 

Memory Products 




R27C64P 
64K (8K X 8) CMOS ONE-TIME PROM 



PRELIMINARY 



FEATURES 



8,192 X 8 organization 

JEDEC approved pin-out 

Low Power 

—Active 80 mW (max.) 

—Standby 525 ii\N (max.) 

Access times: 250 ns and 350 ns (max.) 

Single 5V power supply 

Static operation, no clocks required 

One-time programmable 

TTL compatible inputs and tri-state outputs during both read 

and program mode 

Pin compatible with INTEL 2764A EPROM, Rockwell 

R87C64 EPROM and R23C64 and R2364B ROMs. 



ORDERING INFORMATION 



Part Number: R27C64P_ .. 



L 



Access Time: 
25 = 250 ns 
35 - 350 ns 



A5-A12 



A0-A4 



G . 

I ' 
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DAW 




. k"'' 


MEMORY 
ARRAY 


DECODERS 
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{> 
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■ ' ■■ y^ 






i 


i 


U 


^ 


CONTROL 


I/O 
BUFFERS 






^ 




LOGIC 




-— - — -w 



^ 



DQ0-DQ7 



R27C64P Block Diagram 



DESCRIPTION 

The Rockwell R27C64P is an 8K x 8 (65,536 bits) one-time pro- 
grammable read-only-memory (PROM). It is manufactured using 
CMOS technology for low power dissipation in both active and 
standby operating modes. Access times of 250 ns and 350 ns 
is performance compatible with most 8-bit and 16-bit 
microprocessors. 

Initially, all bits are In the "1" state^ Data is programmed by 
appjying 21V to Vpp a TTL low to E, and a 50 ms low pulse 
on P while the desired data is stable on DqO-DQ7 lines and 
the address is stable on A0-A12 lines. 

The R27C64P is Ideal for low-cost permanent memory applica- 
tions (program and/or data) in production runs requiring fast pro- 
gramming turn-around either at the factory, distributor/dealer or 
user's facility. 
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R27C64P Pin Configuration 



A0-A12 


ADDRESSES 


E 


CHIP ENABLE 


G 


OUTPUT ENABLE 


DQ0-DQ7 


DATA INPUT/OUTPUT 


P 


PROGi=tAM ENABLE 



R27C64P Pin Names 



Document No. 29000M18 



Data Sheet Order No. MM18 
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R27C64P 



64K (8K X 8) CMOS OTP PROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +1.0 


Vdc 


Input Voltage 
All, except Vpp during 
Programming 
Vpp during Programming 


ViN 


-0.3 to Vcc +0-3 
-0.3 to +22.0 


Vdc 


Output Voltage 


VouT 


-0.3 to Vcc +0-3 


Vdc 


Temperature under Bias 


Ta 


-10 to +80 


°C 


Storage Temperature 


^STG 


-40 to 125 


°C 


Power Dissipation @ 25°C 


■■ ■«=•.,.'■: 


l-P 


W 



*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated In the 
operational sections of this specification is not innplied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Read Mode 


Program Mode 


Vcc Supply Voltage 


5V ±5% 


5V ±5% 


Vpp Supply Voltage 




^1V ±0.5V 


Temperature Range 


0to70°C 


to 70°C 



DC OPERATING CHARACTERISTICS DURING READ 

Vcc " 5-OV ±5%, Ta = CC to 70*C (unless otherwise specified) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


VOH 


Output High Voltage 


2.4 




,■: - ■ 


V 


loH = -4Q0^A 


Vol 


Output Low Voltage 


— 




0.45 


V 


Iql - 2.1 m A 


V,H 


Input High Voltage 


2.0 




Vcc +0.3 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


V 




foci 


Vcc Standby Current 






100 


/*A 


E = Vcc. G = V,L, V,N = OV or Vcc 


«CC2 


Vcc Active Current 






15 


mA 


E = G = V,L 


Ipp 


Vpp Current 






100 


/^A 


Vpp = Vcc max. 


l|N 


Input Leakage Current 






±10 


M 


V,N = OV to Vcc 


Iq 


Output Leakage Current 






±10 


/^ 


VouT = OV to Vcc 


c, 


Input Capacitances 






7 


PF 


Vcc = 5.0V, chip deselected, pin under test 
at OV, Ta = 25°C 
f = 1 MHz 


Go 


Output Capacitances 






10 


pF 


Notes: 

1 . Applies only to chip enable with power dovyn standby mode. 

2. This parameter is periodically sampled and fs not 100% tested. 



DC OPERATING CHARACTERISTICS DURING PROGRAMMING 

Vcc = 5.0V ±5%, Ta = SCC to aCC, Vpp = 21.0V ± 0.5V 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


V,H 


Input High Voltage 


2.0 




Vcc +0.3 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


-v.,:;; 




'cc 


Vcc Active Current 






0.5 


mA 


E = P = V,L. G = V,H 


Ipp 


Vpp Active Current 






30 


mA 


llN 


Input Leakage Current 






10 


M 


V,N = OVtoVcc 
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R27C64P 

Memory Products 




R27C64P 
64K (8K X 8) CMOS ONE-TIME PROM 



PRELIMINARY 



FEATURES 



8,192 X 8 organization 

JEDEC approved pin-out 

Low Power 

—Active 80 mW (max.) 

—Standby 525 ^W (max.) 

Access times: 250 ns and 350 ns (max.) 

Single 5V power supply 

Static operation, no clocks required 

One-time programmable 

TTL compatible Inputs and tri-state outputs during both read 

and program mode 

Pin compatible with INTEL 2764A EPROM, Rockwell 

R87C64 EPROM and R23C64 and R2364B ROMs. 



ORDERING INFORMATION 



Part Number: 


R27C64P 


-.- 










L 


Access Time: 








25 = 


= 250 ns 








35 = 


= 350 ns 













A5-A12[~y 


ROW 
DECODERS 


K 


MEMORY 
ARRAY 






V 




i 


i 




<> 




A0.A4[:^ 


COLUMN 
DECODERS 


N 


COLUMN 
GATING 




> 


V 






t 




K)- 




G — -► 


CONTROL 
LOGIC 


^ 


I/O 
BUFFERS 






► 








DQ0-DQ7 





R27C64P Block Diagram 



DESCRIPTION 

The Rockwell R27C64P is an 8K x 8 (65,536 bits) one-time pro- 
grammable read-only-memory (PROM). It is manufactured using 
CMOS technology for low power dissipation in both active and 
standby operating modes. Access times 6f 250 ns and 350 ns 
is performance compatible with most 8-bit and 16-bit 
microprocessors. 

Initially, all bits are in the "1" stata Data is programmed by 
appjying 21 V to Vpp a TTL low to E, and a 50 ms low pulse 
on P while the desired data is stable on DqO-DQ7 lines and 
the address is stable on A0-A1 2 lines. 

The R27C64P is ideal for low-cost permanent memory applica- 
tions (program and/or data) in production runs requiring fast pro- 
gramming turn-around either at the factory, distributor/dealer or 
user's facility. 














^ 




VPP 1^ 


1 


:,:,::^::,.28:;.': 


d] VCC 


A12 d 


2 


27 


d P 


A7 CZ 


3 


26 


dl NC 


A6 CZ 


4 


25 


ZH A8 


A5 d 


5 


24 


ZZ A9 


A4 [H 


6 


23 


ZZ All 


A3 m 


7 


.:■■■-■ 22-^ 


ZZG 


A2 1= 


8 


21 


Zl A10 


A1 d 


9 


20 


dE 


Ao tz: 


10 


19 


d DQ7 


DOG d 


11 


18 


dl DQ6 


DQ1 d 


12 


17 


ZZ DQ5 


DQ2 d 


13 


16 


ZZ DQ4 


GND d 


14 


15 


d] DQ3 











R27C64P Pin Configuration 



A0-A12 


ADDRESSES 


E 


CHIP ENABLE 


G 


OUTPUT ENABLE 


DQ0-DQ7 


DATA INPUT/OUTPUT 


P 


PROGRAM ENABLE 
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R27e64P 



64K (8K X 8) CMOS OTP PROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage '^ ' 
All, except Vpp during 
Programming 
Vpp during Programming 


:V,N 


-0.3 to Vcc +0-3 
-0.3 to +22.0 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0-3 


Vdc 


Temperature under Bias 


n 


-10 to +80 


°C 


Storage Temperature 


^STG 


-40 to 125 


''C 


Power Dissipation @ 25°C 


'■ ^ 


1.0 


W 


OPERATING CONDITIONS 


Parameter 


Read Mode 


Program Mode 


Vcc Supply Voltage 


5V ±5% 


5V ±5% 


Vpp Supply Voltage 




21V ±0.5V 


Temperature Range 


bto70°C 


to 70°C 



*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functiorral operation of the device 
at these or any other conditions above those indicated In the 
operational sections of this specification is not inrtptied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 



DC OPERATING CHARACTERISTICS DURING READ 

Vcc -" 5.pV ± 5%, T/v = 0*^0 to 70'?C (unless otherwise specified) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


VoH 


Output High Voltage 


2.4 




— 


V 


loH = -400mA 


Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.1 mA 


V,H 


Input High Voltage 


2.a 




Vcc +0.3 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


V 




'001 


Vcc Standby Current 






100 


^ 


E = Vcc, G = V,L, V,N = OV or Vcc 


'CC2 


Vcc Active Current 






15 


mA 


E = G = V,L 


Ipp 


Vpp Current 






100 


M 


Vpp ='Vcc max. 


■in 


Input Leakage Current 






±10 


mA 


V,N = OV to Vcc 


•o 


Output Leakage Current 






±10 


uA 


VouT = OV to Vcc 


c, 


Input Capacitances 






7 


PF 


Vcc = 5.0V, chip deselected, pin under test 
at OV, Ta - 25°C 
f = 1 MHz 


Co 


Output Capacitances 






10 


pF 


Notes: 

1. Applies only to chip enable with power down standby mode. 

2. This parameter is periodically sampled and is not 100% tested. 



DC OPERATING CHARACTERISTICS DURING PROGRAMMING 

Vcc = 5.0V ±5%, Ta = 20»C to 30°C, Vpp = 21.0V ±0.5V 



Symbol 


Parameter 


Min. 


Typ. 


mx. 


Unit 


Test Conditions 


V,H 


Input High Voltage 


2.0 




Vcc +0.3 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


■'.V,,v 




Ice 


Vcc Active Current 






0.5 


mA 


E = P = V,L. G = V,H 


Ipp 


Vpp Active Current 






30 


mA 


i|N 


Input Leakage Current 






: 10 


>.A 


V,N = 0VtoVcc 
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R27C64P 



64K (8K X 8) CMOS OTP PROM 



AC CHARACTERISTICS DURING READ 

Vcc = 5.0V ± 5%, Ta = 0=C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


R27C64P-25 


R27C64P-35 


Unit 


Test Conditions^) 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


tAVQV 


Address to Data Valid 






250 






350 


ns 


E=G = V,L 


tELQV 


Chip Enable to Data Valid 






250 






350 


ns 


G = V,L 


*GLQV^ 


Output Enable to Data Valid 


10 




100 


10 




120 


ns 


E = V,L 


tQHQZ^ 


Output Enable to High Impedance 







90 







100 


ns 


E = V.L 


UXQX 


Address to Output Hold 
















ns 


E=G = V„ 


tEHQZ 


Chip Enable to High Impedance 







90 







100 


ns 


G = V,u 


Notes: 

1 . G may be delayed up to tAvav-^Gipv a^®"^ the falling edge of E without impact on tAvov Data is available at the DQ outputs after a delay 

of tQLQv from the falling edge of G, provided that E has been low (V|l) and addresses have been valid for at least tAVQv-tQLQv- 
2- tQHQz 3"d kHQz sre specified from G or E, whichever occurs first. 
3. Test Conditions: 

Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs IV and 2V 

Outputs 0.8V and 2V 



READ TIMING DIAGRAM 


ADDRESSES J^ 


^ 


ADDRESSES 
VALID 


4 


K 




r -^ 


E (CHIP ENABLE) 


\ 


/ 


♦_. - ^ 






r 


f 




G (OUTPUT ENABLE) 


HIGH 


\ 










^EHQZ 1 
*GHQZ 


J HIGHZ 


Z 


I ill 11 


VALID OUTPUT 


::..: 


nN 








\\\\\\ 


^//; 


^ 
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R27C64P 



64K (8K X 8) CMOS OTP PROM 



AC CHARACTERISTICS DURING PROGRAM 

Vcc = 5.0V ± 5%, Ta = zee to 30°C (unless otherwise specified) 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Units 


UvPL 


Address set-up time 


2 






MS 


toZGL 


G set-up time 


2 






IXS 


toVPL . 


Data set-up time 


2 






fJiS 


^ELPL 


E set-up time 


2 






IXS 


tvHPL 


Vpp set-up time 


2 






/^S 


tpHDX 


Data hold time 


2 






)US 


^GHAX 


Address liold time 









IXS 


toLQV 


Output enable to data valid 






120 


ns 


tcHQZ 


Output disable to output high impedance 







100 


ns 


tpLPH 


PE" pulse width during programming 


45 


50 


55 


ms 


Notes: 

Test Conditions: 

Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs IV and 2V 

Outputs 0.8V and 2V 



PROGRAM TIMING DIAGRAM 









\M - 






PROGRAM 


. 














VERIFY 


J 




ADDRESSES \ 


ADDRESSES 
f VALID 




X 




■^*AVPL-^ 








*GHAX 










Hl-Z 


7 






r»i iTPi rr ..y 


r 


VALID •= 
INPUT 


- VALID 
f OUTPUT 


: 


\ 






>i 






^-tovPL -^ 




tpHDX 




^GHOZ 




1 


-•— tvHPL— »■ 


















"2, 
E (CHIP ENABLE) S 




" 


•— ^ELPL — » 














P (PROGRAM ENABLE) ^ 




-*— *DZGL-^ 


*-tG 


-QV-*" 








T T 






IJ (OUTPUT ENABLE) 








^J 




/ 
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R27C64P 



64K(8K X 8) CMOS OTP PROM 



OPERATING MODES 

The Rockwell R27C64P has five modes of operation (see 
table 1). 

Read Mode 

The read mode is governed by two cojitroi pins, E and G. In order 
to obtain data at the outputs, both E and G must be V|l. E is 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Tavqv. 
Telqv or Tqlqv times, depending on which is limiting. 

Standby Mode 

The standby mode of the R27C64P reduces power dissipation. 
The R27C64P is placed in the_standby mode by making 
E = V|H. This is independent of G and automatically puts the 
outputs in their high impedance (High-Z) state. 



Program Mode 

The R27C64P is in the program mode when Vpp is at 21 V with 
E Input at V|L. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P Input. 



Program Verify Mode 

A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be verified to 
tQLQV lifter the falling edge of G. 



Program Inhibit M6de 

The program inhibit mode allows programming several R27C64P 
EPROMs simultaneously with different data for each by using 
E to control which devices respond to the program pulse on P. 



Table 1. Mode Selection 




Pin 
Mode 


E 
(20) 


G 

(22) 


P 
(27) 


Vpp 
(1) 


Vcc 
(28) 


DQ0-DQ7 
(11-13, 15-19) 


Read 


V,L 


V,L 


V,H 


+ 5 


+ 5 


QOUT 


Standby 


V,H 


No Effect 


No Effect 


+ 5 


+ 5 


High-2 


Program 


V.L 


No Effect 


V,L 


+ 21 


+ 5 


D,n 


Program verify 


V,L 


V,L 


V,H 


+ 21 


+ 5 


Qqut 


Program inhibit 


V,H 


No Effect 


No Effect 


+ 21 


+ 5 


HIgh-Z 


Program inhibit 


No Effect 


No Effect 


V,H 


+ 21 


+ 5 


High-Z 


Note: No Effect - No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 
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R27C64P 



64K (8K X 8) CMOS OTP PROM 



PACKAGE DIMENSIONS 



28-PIN CERDIP 



f-ir— 11— If— II— ir^f— 11— II— ir— ir-ii— 1[— 11— t 



LJLILJLJLJLJLJLJLJLJLJLJLJI— I 




^|— D -JgI— 



T^ 



DIM 


MILLIMETERS 


INCHES 


MiN 


MAX 


MIN 


MAX 


A 


36.32 


37.34 


1.430 


1.470 


B 


12.95 


13.46 


0.510 


0.530 


C 


3.68 


4.19, 


0.145 


0.165 


D 


0.41 


0.51 


0.016 


0.020 


F 


1.27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


J 


0.20 


0.30 


0.008 


0.012 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.19 


0.125 


0.165 


L 


16.13 


17.41 


0.635 


0.685 


M 


15.24 


15.75 


0.600 


0.620 


N 


0.89 


1.14 


0.035 


0.045 



NOTE: EITHER ROUND OR SQUARE UV WINDOW. 
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R87C32 

Memory Products 




PRELIMINARY 



FEATURES 



4096 X 8 organization 

JEDEC approved pin-out 

Low Power 

—Active: 132 mW (max.) 

—Standby: 525 fi\N (max.) 

Access times: 350 ns, 450 ns and 550 ns (max.) 

Single 5V power supply 

Static operation, no clocks required 

Inputs and tri-state outputs TTL compatible during both read 

and program mode 

Pin compatible with INTEL 2732A EPROM and Rockwell 

R2332B ROM. 



ORDERING INFORMATION 


Part Number: 


R87C32. 


1 — Access Time: 
35 * 360 ns 
45 = 450 ns 
55= 550 ns 



A4-A11 



A0-A3 



G/V„, 








onxAt 




MEMORY 
ARRAY 


DECODERS 


. ■■•:/ 






^ i 


i ,^ 


{y 





COLUMN 
DECODERS 


COLUMN 
GATING 


> 


^ 




- 


t 


<> 






I/O 
BUFFERS 


_^ 


C 


ONTROL 
LOGIC 


^ 



DQ0-DQ7 



DESCRIPTION 

The Rockwell R87C32 is a 4K x 8 (32,768 bits) ultraviolet (UV) 
light erasable programmable read-only-memory (EPROM). It is 
manufactured using CMOS technology for low power dissipa- 
tion in both active and standby operating modes. Single 5V 
operation allows simple circuit design in runtime environments. 

Initially, all bits arejn the "1" state. Programming is performed 
by applying 21 V to GA/pp and a 50 ms low level pulse to E while 
the desired data is stable on DQ0-DQ7 lines and the address 
is stable on AO-Al 1 lines. All bits may be erased to the "1" state 
by exposure to a UV light source through the transparent win- 
dow on the top of the device package. 

The R87C32 EPROM is ideal for system development or low 
volume production applications requiring non-volatile rnemory 
In either multiple chip or single chip microcomputers with 
extended bus configurations. The low power requirements 
especially support applications using the R65C00 CMOS 
Microcomputer device family. 




A7C 


1 


^ ^ 

24 


3 VCC 


A6E 


2 


23 


3A8 


A5C 


3 


22 


2 A9 


A4C 


4 


21 


3 A11 


A3C 


5 


20 


3 G/Vpp 


A2E 


6 


19 


D A10 


AIG 


7 


18 


DE 


AOC 


8 


17 


2 DQ7 


DQOC 


9 


16 


] DQ6 


DQlC 


10 


15 


3 DQ5 


DQ2C 


11 


14 


] DQ4 


GND C 


12 


13 


] DQ3 











R87C32 Pin Configuration 



A0-A1 1 


ADDRESSES 


E 


CHIP ENABLE 


G/Vpp 


OUTPUT ENABLE/PROGRAM 


DQ0-DQ7 


DATA INPUT/OUTPUT 



R87C32 Block Diagram 



R87C32Pin Names 
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R87C32 



32K (4K X 8) CMOS UVEPROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 
All, except Vpp during 
Programming 
Vpp during Programming 


V,N 


-0.3 to Vcc +0-3 
-0.3 to +22.0 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0-3 


Vdc 


Temperature under Bias 


Ta 


-10 to +80 


oQ 


Storage Temperature 


Tstg 


-40 to 125 


°C 


Power Dissipation @ SS^C 


p 


1.0 


W 



*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the deyice. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 



OPERATING CONDITIONS 





Read Mode 




Vcc Supply Voltage 


5V ±5% 


5V ±50/0 


Vpp Supply Voltage 




21V ±0.5V 


Temperature Range 


OtoTOOG 


to zee 



DC OPERATING CHARACTERISTICS DURING READ 

Vcc = 5-OV ±5%, Ta = O'C to ycc (unless otherwise specified) 



^tnbol 


Parameter 


Win. 


Typ. 


Max. 


Unit 


Test Conditions 


VoH 


Output High Voltage 


2.4 




— 


V 


IOH=-400/J\ 


Vol 


Output Low Voltage 


--.r- 




0.45 


V 


loL = 2.1 mA 


V,H 


Input High Voltage 


2.0 




Vcc +0.3 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


V 




»CC1 


Vcc Active Current 
TTL Level Address Inputs 




2 


10 


mA 


E ^ G = V,L 

V,N = V,H or V,L 

Frequency = 1 MHz, I/O = mA 


CMOS Level Address Inputs 




1 


7 


mA 


E = G = V,L 

V,N = GNDorVcc 

Frequency = 1 MHz, I/O = mA 


ICC2 


Vcc Standby Current 
TTL Level Chip Enable 




0.1 


1 


mA 


E = V,H 


CMOS Level Chip Enable 




10 


100 


liA 


E - Vcc 


IPP 


Vpp Supply Current 






30 


mA 


E = V,L. G/Vpp = Vpp 


i|N 


Input Leakage Current 






±10 


^A 


V,N = OV to Vcc 


Iq 


Output Leakage Current 






±10 


mA 


VouT = OV to Vcc 


c, 


Input Capacitance^ 






7 


PF 


Vcc = 5.0V, Chip deselected, pin under test 
at OV, Ta - 25''C 
f = 1 MHz 


Co 


Output Capacitance^ 






10 


PF 


Notes: 

1. This parameter is periodically sampled and is not 100% tested. 



DC OPERATING CHARACTERISTICS DURING PROGRAM 

Vcc = 5.0V ±5%,Ta = -aCCtoSO'CVpp = 21.0V ±0.5V 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


V,H 


Input High Voltage 


2.0 




Vcc 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


V 




Ice 


Vcc Active Current 


— 




25 


mA 


E = y,i^,G = 21V 


Ipp 


Vpp Active Current 


— 




30 


mA 


E = V|L, G = 21V 


l|N 


Input Leakage Current 






10 


/^ 


V,N = OV to Vcc 
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R87C32 



32K (4K X 8) CMOS UV EPROM 



AC CHARACTERISTICS DURING READ 

Vcc = 5.0V ±5%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


R87C32-35 


R87C32-45 


R87C32-55 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


'^'"• 


Max. 


UVQV 


Address to Data Valid 




350 




450 




550 


ns 


E = G ^ V,L 


*ELQV 


Chip Enable to Data Valid 




350 




450 




550 


ns 


G = V,L 


^GLQV^ 


Output Enable to Data Valid 




120 




120 




120 


ns 


E = V,L 


tQhiQZ^ 


Output Enable to High Impedance 





100 





100 





100 


ns 


E = V,L 


Wqx 


Address to Output Hold 

















ns 


E = G = V|L 


%HQZ 


Chip Enable to High Impedance 





100 





too 





100 


ns 


G = V,L 


Notes: 

1. Test Conditions 

Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: < 20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and" 2V 

Outputs 0.8V and 2V 

2. G may be delayed up to tAvov - toLOv after the falling edge of E without impact on Iavov Data is available at the DO outputs after 

a delay of tGLQv^rom the falling edge of G, provided that E has been low (V,l) and addresses have been valid for at least Iavqv - tQLQv- 
3- tQHQZ. tEHQZ are specified from G or E, whichever occurs first. 
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R87C32 



32K (4K X 8) CMOS UV EPROM 



AC CHARACTERISTICS DURING PROGRAM 

Vcc = 5.0V ±5%, Ta = 20°C to 30°C (unless otherwise specified) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


UvEL 


Address set-up time 


2 






fiS 


tQHEL 


G set-up time 


2 






AtS 


^DVEL 


Data set-up time 


2 






/^s 


tEHAX 


* Address hold time 









AiS 


tEHGL 


Gholdtime 


2 






flS 


tEHDX 


Data hold time 


2 






flS 


^EHOZ 


Output disable to output Hi-Z delay 







100 


ns 


tELQV 


Data valid from E 






1 


fiS 


tELEH 


E pulse width during programming 


45 


50 


55 


ms 


tpR 


G pulse rise time during programming 


50 






ns 


tcLEL 


Vpp recovery time 


2 






flS 


Notes: 

Test Conditions: . 

Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: < 20 ns * 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 

Outputs 0.8V and 2V 



PROGRAM TIMING DIAGRAM 
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R87C32 



32K (4K X 8) CMOS UV EPROM 



OPERATING MODES 

The Rockwell R87C32 has five modes of operation (see table 1) 
and is pin compatible with Intel's 2732A. 

READ MODE 

The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and G must be V|l. E is 
the power control and should be used for device selection. G is 
the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Tavqv> 
Tqlqv or Telqv times, depending on which is limiting. 

STANDBY MODE 

The standby mode of the R87C32 reduces power dissipation. 
The R87C32 is placed in^the standby mode by making E = V|h. 
This is independent of G and automatically puts the outputs in 
their high impedance (Hlgh-Z) state. 



PROGRAM MODE 

The R87C32 is in the program mode when GA/pp is at 21V. The 
data to be programmed is applied to the data output pins. When 
the address controls and data are stable, a 50 msec program 
pulse is applied to the E input. 

PROGRAM VERIFY MODE 

A program verify should be performed on the programmed bits 
to determine that they w^re correctly^programmed. The verify 
may be performed with QA/pp and E at Vm. Data should be 
verified to tELQv aft©'" the falling edge of E. 

PROGRAM INHIBIT MODE 

The program Inhibit mode allows programming several R87C32 
EPROMs simultaneously with different data for each by using 
E to control which devices respond to the program pulse on E. 



Table 1 . Mode Selection 




Pin 
Mode 


E 
(18) 


G/Vpp 
(20) 


Vcc 
(24) 


DQ0-DQ7 
(9-11,13-17) 


Read 


V,L 


V,L 


+ 5 


Dqut 


Standby 


V,H 


No Effect 


+ 5 


High-Z 


Program 


Pulsed V,H to V|L 


Vpp 


+ 5 


D,n 


Program verify 


V,L 


V,L 


+ 5 


Dqut 


Program inhibit 


V,H 


Vpp 


+ 5 __ 


High-Z 


Note: No Effect = No effect on setection/enabte logic, however, no voltage other than logic levels shall be applied. 



ERASURE PROCEDURE 

Initially, and after each erasure by ultraviolet light, all bits of the 
R87C32 are in the "1 " state. In Program Mode, "0"s are selec- 
tively programmed into the desired bit locations. The only way 
to change a "0" to a "1" is by ultra-violet light erasure. 

The recommended erasure procedure for the R87C32 is 
exposure to ultra-voilet light wqhich has a wavelength of 
2537 Angstroms. 



The integrated dose for erasure should be a minimum of 
15 W-sec/cm2. The erasure time with this dosage is 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm2 power rating. 

Caution 

The erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms. 
Sunlight and certain types of fluorescent lamps have 
wavelengths In the 3000-4000 Angstroms range. 
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R87C32 



32K (4K X 8) CMOS UVEPROM 



PACKAGE DIMENSIONS 



24-PIN CERDIP 

nnnnnnnnnn 




uuuuuuuuuuuu 

1.250 ± 0.020 

(31.75 ± 0.64) * 



0.155 ± 0.010 
(3.94 ± 0.25) 



tllipfiEf 

0.04 ±0.02 0.100*0.010 0.018 ± 0.002 '^-^^J 

(1.01 ±0.50) (2.54 ±0.25) | (0.45 ± 0.05) p" 



. 0.610 ± 0.01 _J 
(15.49 ± 0.25)^1 



i 



0.010 ± 0.002 
(0.25 ± 0.05) 



0.100 ±0.010 0.018 ±0.002 

(2.54 ± 0.25) I (0.45 ± 0.05) 

0.055 ± 0.0 

(1.39*0.13) 

DIMENSIONS IN INCHES AND (MILLIMETERS) 



0.660 ± 0.025 
r""~"(16.76 ± 0.64)~^ 
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R87C64 

Memory Products 



R87C64 
64K (8K X 8) CMOS UV EPROM 



PRELIMINARY 



FEATURES 

• 8,192 X 8 organization 

• JEDEC approved pin-out 

• Low Power 
—Active 80 mW (nnax.) 
—Standby 525 /iW (max.) 

• Access times: 250 ns and 350 ns (max.) 

• Single 5V power supply 

• Static operation, no clocks required 

• TTL compatible inputs and tri-state outputs during both read 
and program mode 

• Pin compatible with INTEL 2764A EPROM and Rockwell 
R23C64 and R2364B ROMs. 

ORDERING INFORMATION 



Part Number: R87C64.. 



L 



Access Time: 
25 = 250 ns 
35 = 350 ns 



A5-A12 



o 



ROW 
DECODERS 



A0.A4 Py 



:> 



MEMORY 
ARRAY 



COLUMN 
DECODERS 



G 

i 
p 



^ 



n 



COLUMN 
GATING 



CONTROL 
LOGIC 



H 



I/O 
BUFFERS 



IT 

DQ0-DQ7 



DESCRIPTION 

The Rockwell R87C64 is an 8K x 8 (65,536 bits) ultraviolet (UV) 
light erasable programmable read-only-memory (EPROM). It is 
manufactured using CMOS technology for low power dissipa- 
tion in both active and standby operating modes. 

Initially, and also after erasure, all bits are in the "1 " state. Data 
is programmed by applying 21V to Vpp a TTL low to E, and a 
50 ms low pulse on P while the desired data is stable on 
DQ0-DQ7 lines and the address is stable on A0-A12 lines. All 
bits may be erased to the "1" state by exposure to a UV light 
source through the transparent window on the top of the device 
package. 

The R87C64 EPROM is ideal for system development or produc- 
tion applications requiring non-volatile memory In either multiple 
chip or single chip microcomputers with extended bus configura- 
tions. The low power requirements especially support applica- 
tions using the R65C00 CMOS Microcomputer device family. 
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3 


26 
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4 


25 
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5 


24 


ZD A9 
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6 


23 


ZD All 
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7 


22 


ZD G 


A2 EZ 


8 


21 


ZD A10 


A1 CZ 


9 


20 


Zl E 


AG iz: 


10 


19 


ZD DQ7 


DQo nz 


11 


18 


ZH DQ6 


DQ1 iz: 


12 


17 


ZD DOS 


DQ2 CZ 


13 


16 


ZD DQ4 


GND iz: 


14 


15 


Z3 DQ3 











R87C64 Pin Configuration 



A0-A12 


ADDRESSES 


E 


CHIP ENABLE 


G 


OUTPUT ENABLE 


DQ0-DQ7 


DATA INPUT/OUTPUT 


P 


PROGRAM ENABLE 



R87C64 Block Diagram 



R87C64 Pin Names 
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R87C64 



64K (8K X 8) CMOS UV EPROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 
All, except Vpp during 
Programming 
Vpp during Programming 


V,N 


-0.3 to Vcc +0-3 
-0.3 to +22.0 


Vdc 


Output Voltage 


VOUT 


-0.3 to Vcc +0.3 


Vdc 


Temperature under Bias 


Ta 


-10 to +80 


°C 


Storage Temperature 


TSTG 


-40 to 125 


OC 


Power Dissipation @ 25°C 


P 


1.0 


W 



*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those Indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 



OPERATING CONDITIONS 



Parameter 


Read Mode 


Program Mode 


Vcc Supply Voltage 


5V ±5% 


5V ±50/0 


Vpp Supply Voltage 




21V ±0.5V 


Temperature Range 


to 70°C 


to JO^C 



DC OPERATING CHARACTERISTICS DURING READ 

Vcc = 5.0V ±5%, Ta = O^C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


Test Conditions 


Vqh 


Output High Voltage 


2.4 




— 


V 


loH = -400 M 


Vol 


Output Low Voltage 


— 




0.45 


V 


Iql = 2.1 mA 


V,H 


Input High Voltage 


2.0 




Vcc +0-3 


V 




V,L 


Input Low Voltage 


-0.1 




0.8 


V 




'cci 


Vcc Standby Current 






100 


mA 


E = Vcc, G = V,L, V,N = OV or Vcc 


ICC2 


Vcc Active Current 






15 


mA 


E = G = V,L 


Ipp 


Vpp Current 






100 


mA 


Vpp = Vcc max. 


'in 


Input Leakage Current 






±10 


/xA 


V,^ = OVtoVcc 


•0 


Output Leakage Current 






±10 


mA 


VouT = OV to Vcc 


c, 


Input Capacitance^ 






7 


PF 


Vcc = 5.0V, chip deselected, pin under test 
atOV, Ta = 25°C 
f = 1 MHz 


Co 


Output Capacitance^ 






10 


PF 


Notes: 

1. Applies only to chip enable with power down standby mode. 

2. This parameter is periodically sampled and is not 100% tested. 



DC OPERATING CHARACTERISTICS DURING PROGRAMMING 

Vcc = 5.0V ±5%, Ta = 20**C tO 30''C, Vpp = 21.0V ±0.5V 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


Test Conditions 


V,H 


Input High Voltage 


2.0 




Vcc +0.3 


V 




VlL 


Input Low Voltage 


-0.1 




0.8 


V 




loo 


Vcc Active Current 






0.5 


mA 


E = P = V.L.G = V,H 


Ipp 


Vpp Active Current 






30 


mA 


■in 


Input Leakage Current 






10 


fiA 


V,N = OV to Vcc 
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R87C64 



64K (8K X 8) CMOS UV EPROM 



AC CHARACTERISTICS DURING READ 

Vco = 5.0V ± 5%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


R87C64-25 


R87C64-35 


Unit 


Test CondrtionsO) 


MIn. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


UvQV 


Address to Data Valid 






250 






350 


ns 


E=G=V,L 


tELQV 


Chip Enable to Data Valid 






250 






350 


ns 


G = V,L 


tGLQV^ 


Output Enable to Data Valid 


10 




100 


10 




120 


ns 


E=V„ 


tGHQZ^ 


Output Enable to High Impedance 







90 







100 


. ns 


E=V,L 


UxQX 


Address to Output Hold 
















ns 


E=G=V,L 


^EHQZ 


Chip Enable to High Impedance 







90 







100 


ns 


G=V,L 


Notes: 

1 . Q may be delayed up to tAvov-toipv after the falling edge of E without impact on tAvov Data is available at the DQ outputs after a delay 
of tQLQv f'*o"i the falling edge of G, provided that E has been low (V|l) and addresses have been valid for at least tAVQv-toLQv- 

2. tQHQz and tEHQz are specified from G or E, whichever occurs first. 

3. Test Conditions: 

Output Load: 1 TTL gate and Cl := 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 

Outputs 0.8V and 2V 



READ TIMING DIAGRAM 

J 1 


ADDRESSES V 


ADDRESSES 

VALID 

^ 4 


K 




y -d 


i (CHIP ENABLE) 


^ 


/ 




7 




-CLUV ^- 

r 


f 




G (OUTPUT ENABLE) 
niiTPiiT 


HIGH 


~\ 
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R87C64 



64K (8K X 8) CMOS UV EPROM 



AC CHARACTERISTICS DURING PROGRAM 

Vcc = 5.0V ± 5%, Ta = WC to 30°e (unless otherwise specified) 



Symbol 


Parameter 


Mini 


Typ. 


Max. 


Units 


UvPL 


Address set-up time 


2 






MS 


toZGL 


G set-up time 


2 






fxS 


^DVPL 


Data set-up time 


2 






fxS 


^ELPL 


E set-up time 


2 






MS 


tvHPL 


Vpp set-up time 


2 






MS 


tpHDX 


Data hold time 


2 






MS 


^GHAX 


Address hold time 









MS 


tcLQV 


Output enable to data valid 






120 


ns 


tcHQZ 


Output disable to output high impedance 







100 


ns 


tpLPH 


RE pulse width during programming 


45 


50 


55 


ms 


Notes: 

Test Conditions: 

Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 

Outputs 0;8V and 2V 



PROGRAM TIMING DIAGRAM 
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R87C64 



64K (8K X 8) CMOS UV EPROM 



OPERATING MODES 

The Rockwell R87C64 has five modes of operation (see table 1). 

Read Mode . 

The read mode is governed by two cojitrol pins, E and G. In order 
to obtain data at the outputs, both E and G must be V|l. E js 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Tavqv. 
Telqv or Tqlqv times, depending on which is limiting. 

Standby Mode 

The standby mode of the R87C64 reduces power dissipation. 
The R87C64 Is placed in^the standby mode by making E = V|h. 
This is indepehdent of G and automatically puts the outputs in 
their high impedance (HIgh-Z) state. 



Program Mode 

The R87C64 is in the program mode when Vpp is at 21V with 
E input at V|l. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 

Program Verify Mode 

A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be verified to 
tQLQv after the falling edge of G. 

Program Inhibit Mode 

The program inhibit mode allows programming several R87C64 
EPROMs simultaneously with different data for each by using 
E to control which devices respond to the program pulse o n P. 



Table 1 . Mode Selection 




Pin 
Mode 


E 
(20) 


G 
(22) 


P 
(27) 


Vpp 
(1) 


Vcc 
(28) 


DQ0-DQ7 
(11-13, 15-19) 


Read 


V,L 


V,L 


V,H 


+ 5 


+ 5 


QOUT 


Standby 


V,H 


No Effect 


No Effect 


+ 5 


+ 5 


High-Z 


Program 


V,L 


No Effect 


V,L 


+ 21 


+ 5 


D,n 


Program verify 


V,L 


V,L 


V,H 


+ 21 


+ 5 


QoUT 


Program Inhibit 


V,H 


No Effect 


No Effect 


+ 21 


+ 5 


High-Z 


Program Inhibit 


No Effect 


No Effect 


V|H 


+ 21 


+ 5 


High-Z 


Note: No Effect = No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 



ERASURE PROCEDURE 

Initially, and after each erasure by ultraviolet light, all bits of the 
R87C64 are In the "1" state. In Program Mode, "0"s are selec- 
tively programmed into the desired bit locations. The only way 
to change a "0" to a "1" is by ultra-violet light erasure. 

The recommended erasure procedure for the R87C64 is 
exposure to ultra-violet light which has a wavelength of 
2537 Angstroms. 



The integrated dose for erasure should be a minimum of 
15 W-sec/cm2. The erasure time with this dosage is 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm2 power rating. 

Caution 

The erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms. 
Sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 Angstroms range. 
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R87C64 



64K (8K X 8) CMOS UV EPROM 



PACKAGE DIMENSIONS 

28-PIN CERDIP 

r-ir-ir-ir-ir-irnr-ir-ii-ii-ir-ir-ii-ir-i 



1_ILJI_JLJLJLJ1_]1_II_ILJU]LJLJU 




Hh° H^h 



-M- 



Driui 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.32 


37.34 


1.430 


1.470 


B 


12.95 


13.46 


0.510 


0.530 


c 


3.68 


4.19 


0.145 


.0.165 


D 


0.41 


0.51 


0.016 


0.020 


F 


1.27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


J 


0.20 


0.30 


0.008 


0.0t2 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.19 


0.125 


0.165 


L 


16.13 


17.41 


0.635 


0.685 


M 


15.24 


15.75 


0.600 


0.620 


N 


0.89 


1.14 


0.035 


0.045 



NOTE: EITHER ROUND OR SQUARE UV WINDOW. 
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R5213/2816 

Memory Products 




R521 3/2816 
16K (2K X 8) ELECTRICALLY ERASABLE ROM 



PRELIMINARY 



FEATURES 

• 2K X 8, 2048 x 8 organization 

• Single 5V ±10% supply 

• TTL or high voltage byte erase/byte write 

• 9 ms or 1 ms byte erase/byte write 

• 10,000 erase/write cycles per byte 

• Chip clear 

• Access time: 350 ns (max.) 

• Infinite number of read cycles 

• JEDEC Approved pinout 

• Pin and 281 6A EEPROMs compatible with Seeq 5213, 
Intel 2816 

ORDERING INFORMATION 



Part Number: 

R5213___ 



Package: 
CERDIP 

- Access Time: 
25 = 250 ns 
35 = 350 ns 



-Model 

No Letter = 9 ms Byte Write/Erase 
H = 1 ms Byte Write/Erase 



DESCRIPTION 

The Rockwell R5213/2816 is a 2K x 8 (16,384 bits), 5 V elec- 
trically erasable Read-Only Memory (EEROM). Data is electri- 
cally written either by a TTL pulse or a voltage between 15V 
and 22V on the Write Enable pin. Once written— this requires 
less than 10 milliseconds — there is no limit to the number of 
read cycles. A byte erase as well as a chip clear mode is avail- 
able. Each byte may be erased and written 10,000 times. The 
erasure time, in either a byte erase or chip clear mode, is less 
than 10 milliseconds. 

The R5213 is ideal for applications requiring a nonvolatile 
memory with in-system write and erase capability. These fea- 
tures make possible dynamic reconfiguration, i.e., operating 
software is altered in real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener* 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/ air ratio. Designing the R5213 into 8- and 16-bit 
microprocessor systems is also simplified since the typical 
access time is less than 250 ns, allowing zero wait state 
operation. 
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R5213 Block Diagram 
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R5213 Pin Configuration 



AO-A10 


ADDRESSES 


.: E ■ 


CHIP ENABLE 


G 


OUTPUT ENABLE 


W(VPP) 


WRITE ENABLE 


DQ0-DQ7 


DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 



Document No. 29000IVI01 
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R5213/2816 



16K(2Kx8)EEROM 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


Input Voltage 


V.N 


-0.5 to +7.0 


Vdc 


Output Voltage 


VOUT 


-0.5 to +7.0 


Vdc 


Temperature Under Bias 


Ta 


-10 to +80 


°G 


Storage Temperature 


TSTG 


-65 to +100 


°C 


W Level During Writing/ 
Erasing 


Vw - 


-0.6 to +22.0 


Vdc 


WMax. Duration at 22V 
During W/E Inhibit 


tw 


24 


Hrs 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


All Modes 


Vcc Supply Voltage 


5V± 10% 


Temperature Range 


0to70°C 



DC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


MIn. 


Typ.*2) 


Max. 


Unit 


Test Conditions*'' 


i|N 


Input Leakage Current 






10 


^A 


V,N = Vcc Max. 


lo 


Output Leakage Current 






10 


^A 


VouT = Vcc IVIax. 


iw 


Write Enable Leakage 
Read Mode 




1.0 


1.5 


mA 


W = V,H 


W/E Mode— TTL 






-1.0 


mA 


W = V,L 


W/E Mode— High Voltage 






1.5 


mA 


V^ = 22V, E = V,L 


W/E Inhibit Mode— High Vbltage 






1.5 


mA 


W = 22V, E = V,H 


Chip Clear Mode— TTL 






-1.0 


mA 


W = V,L 


Chip Clear Mode— High Voltage 






1.5 


mA 


W = 22V 


lcci 


Vcc Standby Current 




15 


30 


mA 


E = V,H 


ICC2 


Vcc Active Current 




50 


80 


mA 


i = S = v„ 


V,l(DC) 


Input Low Voltage (DC) 


-0.1 




0.8 


V 




V,l(AC) 


Input Low Voltage (AC) 


-0.4 






V 


Time = 1 ns 


V,H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vw 


W Read Voltage 


2.0 




Vcc + 1 


V 




W Write/Erase Vbltage 
-TTL Mode 


-0.1 




0.8 


V 




-High Voltage Mode 


15 


21 


22 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.1 mA 


VOH 


Output High \ADltage 


2.4 






V 


loH = -400 /xA 


Vg 


G" Chip Clear \A)ltage 


14 




22 


V 


Ig = 10/xA 


C|N 


Input Capacitance 




5 


10 


pF 


Vcc = 5.0V. chip deselected, pin 
under test at OV, Ta = 25°C, f = 
1MHz 


Cqut 


Output Capacitance^^' 






10 


pF 


Cvcc 


Vcc Capacitance*^^' 






500 


pF 


G=E =V,H 


Cvw 


Vw Capacitance*^' 






10 


pF 


G=E=V,H 


Notes: 

1. Test Conditions: Output Load: 1 TTL gate and Cl = 100 pF; Input Rise and Fall Times: « 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: IV and 2V, Outputs: 0.8V and 2V 

2. Typical values are for Ta = 25°C and Vcc = 5.0V. 

3. This parameter is periodically sampled and is not 1 00% tested. 
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AC CHARACTERISTICS DURING READ 



Symbol 


Parameter 


R5213-25<4> 


R5213-35<4> 


Test Conditions'^) 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


UvQV 


Address to Data Valid 


10 


200 


250 




300 


350 


E = G^V,L 


tELQV 


Chip Enable to Data Valid 


10 


200 


250 




300 


350 


G=V,L 


tQLQV 


Output Enable to Data- Valid 


10 


50 


90 


10 


50 


100 


E=V„ 


tEHQZ.tGHQZ^'^ 


Output Enable to High Impedance 





50 


70 





50 


80 


E = V,L 


tAXQX^^' 


Output Hold from Address, Chip Enable, 
or Output Enable, whichever Transition 
Occurred Rrst 
















E = G=V„ 


Notes: 

1. Test Conditons: Output Load: 1 TTL gate and Cl = 100 pF; Input Rise and Fall Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: IV and 2V, Outputs: q.8V and 2V 

2. G may be delayed up to tAvov-toLov after the falling edge of E without impact on t^vov Data is available at the DQ outputs after a delay 
of ^GLov froni the falling edge of G,_provided that E has been low (ViJ and addresses have been valid for at least tAVQv-tGiQv- 

3. tEHQZ' tQHQz 's specified from G or E whichever occurs first. 

4. All timing units in nanoseconds (ns). 



READ TIMING DIAGRAM 



ADDRESSES 



X 



OUTPUT - 



ADDRESSES 
VALID 



X 



\ 



/ 



-*ELQV- 



HIGHZ 



^: 



■ *AVQV ■ 



\ .r- 

*EHQZ 
I-*— *GLQV »■ ■*-■ t^u^, "^ 



VALID OUTPUT 



*AXQX ■ 



m 



HIGHZ 
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AC CHARACTERISTICS DURING WRITE/ERASE 



Symbol 


Parameter 


Mm.<^' 


Typ. 


Max. 


Units 


Q^^' 


Maximum Endurance 


10.000 






cycles/byte 


tAVWL 


Address to W Set-Up Time 


150 






ns 


: tELWL 


E to W Set-Up Time - 


150 






ns 


toVWL 


Data to W Set-Up Time 









ns 


twHDX 


Write Enable Pulse Width 
R5213 


9 


10 


70 


ms 


R5213H 


•- x . 




20 


ms 


twHEH'^' 


Write Recovery Time 


50 






ns 


^GHWl. 


G Write/Erase Set-Up Time 









ns 


twHGX 


G Write/Erase Hold Time 









ns 


tpp^3) 


VwFall Time 


5 






ns 


Notes: 

1. Maximum endurance, Q, is the number of write and erase cycles/byte. 

2. twHEH (min) = 50 ns when in the High Voltage W/E Mode only. When in the TTL W/E Mode, twHEH (min) = 700 ns. 

3. tpF applies only when in the High Voltage W/E Mode. 

4. Test Conditions: Output Load: 1 TTL gate and Gl = 100 pF; Input Rise and Fall Times: « 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: IV and 2V, Outputs: 0.8V and 2V 



BYTE ERASE OR BYTE WRITE TIMING DIAGRAM 



ADDRESSES 



3C 



W 



ADDRESSES VALID 



:k: 



> 

r* tELWL 



/ 



HtD 



DQ0-DQ7 
(WRITE) 

DQ0-DQ7 
(ERASE) ■ 



HIGHZ 



< 



HIGHZ 



J" 



NO EFFECT 



*GHWL -*■ 



ZT' f -^'WH 



DATA VALID 



— twHEH ■ 



> 



-*— *WHGX— • 



r 



^: 



NO EFFECT 
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DEVICE OPERATION 

The Rockwell R5213/2816 has six modes of operation (see 
Table 1) and except for the chip clear mode it requires only TTL 
inputs to operate these modes. 

To write a particular location of the R5213, that byte must first 
be erased. A memory location is erased by enabling the R5213 
with Chip Enable at a TTL low, bringing Write Enable to a TTL 
low while Output Enable is a TTL high, and TTL highs (logical 
1 's) are being presented to all the I/O lines. The erase operation 
requires 9 ms. A write operatiori is the same as an erase except 
true data is presented to the I/O lines. 

The R5213 is compatible to prior generation EEROMs which 
required a high voltage Vppfor writing and erasing. In the R5213 
there is an internal dual level detection circuit which allows either 
a TTL low or 2-1 V Vpp to be applied to W to execute an erase 
or write operation. The R5213 specifies no restriction on the 
rising edge of Vpp. 

For certain applications, the user may wish to erase the entire 
memory. A chip clear is performed in the same manner as a 
byte erase except that Output Enable Is between 14V and 22V. 
All 2K bytes are erased in less than 1 ms. 



A characteristic of all EERQMs is that the total number of write 
and erase cycles is not unlimited. The R5213 has been designed 
for applications requiring up to 10,000 write and erase cycles 
per byte. The write and erase cycling characteristic is com- 
pletely byte independent. Adjacent bytes are not affected during 
write/erase cycling. 

Aft^ the device is written, data is read by applying a TTL high 
to W, enabling the chip, and enabling the outputs. Data is avail- 
able tEVQV time after Chip Enable is applied or tAvov time from 
the addresses. System power may be reduced by placing the 
R5213 into a Standby mode. Raising Chip Enable to a TTL high 
will reduce the active power by over 60%. 

COMPATIBILITY 

The R5213/2816 is 100% compatible with the Seeq 5213 and 
the Intel 281 6A and, except for the Vq (G Chip Erase Voltage), 
is also 100% backward compatible to the Intel 2816 which 
requires high voltage for byte erase/write. 



Table 1. Mode Selection (Vcc = 5V ± 10%) 



Table 1 . Mode Selection 



^""""•"---....^^^^^ Pin 
Mode ^^"""""""''"'"''•--.^ 


E 
(18) 


G 
(20) 


W(Vpp) 
(21) 


DQ0-DQ7 
(9-11, 13-17) 


Read^-"' 


V,L 


V,L 


V,H 


DoUT 


Standby^""^ 


V,H 


No Effect 


V,H 


High Z 


Byte Erase '2^ 


V.L 


V,H 


V,L 


D,N=V,H 


Byte Write^^^ 


V,L 


V,H 


V,L 


Dm 


ChipClear<2) 


V,L 


Vg 


V,L 


D|N=V,H 


Write/Erase Inhibit 


V,H 


No Effect 


No Effect 


HighZ 


Not^: 

1 . W may be from V|h to 6V in the read and standby mode. 

2. W may be at V|l (TTL W/E Mode) or from 15V to 22V (High Voltage W/E Mode) in the byte erase, byte write, or chip clear mode. 

3. No Effect = No effect on selection/enable logic, however, no voltage greater than logic levels shall be applied. 
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POWER UP/DOWN CONSIDERATIONS 

Care must be taken to prevent an unintentional write (or erase) 
cycle during power-up or power-down. These_ cycles can be 
prevented by applying a signal level of Vih to W (pin 21) when- 
ever Vcc is greater than 2.75 volts. When Vcc is 2.75 volts or 
less, the device cannot perform a write (or erase) cycle. 



the R5213 Vcc- When this Vcc is outside the normal operating 
range (4.5 to 5.5 volts), the system power status signal (shown 
in Figure 1) should be low. Under these conditions, the open 
collector NAN D gate and the 470 ohm resistor protect against 
an unintentional write (or erase). 



Figure 1 shows a suggested circuit which can be used for power- 
up or power-down conditions. The power supply used for the 
470 ohm pull-up resistor should be the same supply used for 



V 


3C 






24 




470 OHM > 

z=r> 1 


Vcc 
W 
R5213 




POWER 1 ^ 

STATUS 












Figure 1 . Typical Power Monitor Circuit 



4-47 



R5213/2816 



16K(2Kx8)EEROM 



PACKAGE DIMENSIONS 



24-PIN CERDIP 



LX3JD. 



UUUUUUUUUUUU 

^ ' ;: 1.260 ± 0.025 

(32.0 



0.557 ± 0.042 
(14.15 ±1.07) 



0.610 ± 0,01 _ 
"(15.49 ± 0.25) 




DIMENSIONS IN INCHES AND (MILLIMETERS) 
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R52B33 
64K (8K X 8) ELECTRICALLY ERASABLE ROM 



FEATURES 

• Input latches 

• 8192 X 8 organization 

• Single 5V ±10% supply 

• TTL byte erase/byte write 

• 9 ms byte erase/byte write 

• 10,000 erase/write cycles per byte 

• Chip clear 

• Fast access times: 200 ns, 250 ns, 300 ns 
and 350 ns (max.) 

• Infinite number of read cycles 

• JEDEC approved pinout 

• Pin compatible With Seeq 52B33 EEPROM 

ORDERING INFORMATION 



The R52B33 is ideal for applications requiring a nonvolatile 
memory with in-system write and erase capability. These fea^ 
tures make possible dynamic reconfiguration, i.e., operating 
software is altered in real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener- 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/air ratio. 



Part Number: 

R52B33 



Package: 
CERDIP 

- Access Time: 

2 = 200 ns 
25 = 250 ns 

3 = 300 ns 
35 = 350 ns 



-Model 

No Letter = 9 ms Byte Write/Erase 
H - 1 ms Byte Write/Erase 



DESCRIPTION 

The Rockwell R52B33 is a 64K (81 92 x 8 bits) 5 volt electrically 
erasable read-only-memory (EEROM). The device operate on 
5 volt TTL levels in the read, write and erase modes. The 
R52B33 also has a chip clear mode in which the entire memory 
Is erased In a single erase cycle. The device performs chip clear 
with a TTLjTjph level signal applied to G and a TTL low level 
applied to CC. The erasure time for both chip clear and byte 
erasure Is under 10 ms. 

Data, addresses, E", CC, and G are latched on the leadmg edge 
of W. The system controller needs only to maintain the W signal 
during the erase/write cycle after the latches are activated. 
Once written, which requires under 10 ms, there is no limit to 
the number of times that the data may be read. Each byte may 
be erased and written at least 1 0,000 times. 



A0-A12 !:;> 



CC- 



-il- 



COlLUMN 

ADDRESS 

LATCHES 



ROW 



ADDRESS IZ^ 
LATCHES 



CONTROL 
LATCH 



COLUMN 

ADDRESS 

DECODE 



ROW 

ADDRESS 

DECODE 



LATCH EN ABLeI WRITBERASE 

WRITE I ENABLE 
W_-> ENABLE 
DETEC- 
TION 

LATCH EN ABLE I 



I 



MEMORY 
ARRAY 



LATCH ENABLE 



II 



E- 
G- 



CONTROL 
LATCHES 



=> 



INPUT 

EPbis 



iz 



I/O BUFFERS 



J 



DQ0-DQ7 




R52B33 Block Diagram 















K^ 




CC d 


1 


28 


ZD VCC 


A12 c: 


2 


27 


=1 W 


A7 CZ 


3 


26 


Zl NC 


A6 1= 


4 


25 


rz A8 ■■ 


A5 d 


5 


24 


Z3 A9 


A4 CZ 


6 


23 


z;] All 


A3 CZ 


7 


22 


ZDG 


A2 CI 


8 


21 


fZ] AID 


A1 CZ 


9 


20 


ZD E 


AG CZ 


10 


19 


ZD DQ7 


. OQO cq 


11 


18 


H DQ6 


DQ1,,CZ] 


12 


17 


Zli DOS 


DQ2 □ 


13 


16 


5 D04 


GND CZ 


14 


15 


ZZ DQ3 











R52B33 Pin Configuration 
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R52B33 



64K (8K X 8) EEROM 



A0-A12 


ADDRESSES 


1" 


CHIP ENABLE 


G 


OUTPUT ENABLE 


W 


WRITE ENABLE 


DQ0-DQ7 


DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 


€C 


CHIP CLEAR 


N/C 


NO CONNECT 



OPERATING CONDITIONS 



Parameter 


Alt Modes 


Vcc Supply Voltage 


5V±10% 


Temperature Range 


to 70°C 



R52B33 Pin Names 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


Input Voltage 


V|N 


-0.5 to +7.0 


Vdc 


Output Voltage 


VouT 


-0.5 to +7.0 


Vdc 


Temperature Under Bias 


Ta 


-10 to +80 


°C 


Storage Temperature 


TSTG 


-65 to +100 


»c 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



DC CHARACTERISTieS 

Vcc = 5.0V ± 10%, Ta = 0°C to 70°C (unless otherwise specified) 



Symbol 


Parameter 


Min. 


Typ.^^) 


Max. 


Unit 


Test Conditions'^ > 


l|N 


Input Leakage Current 






±10 


mA 


V,N = Vcc l^ax. 


lo 


Output Leakage Current 






±10 


y./K 


VouT = Vcc Max. 


IWE 


Write Enable Leakage 
Read Mode 






10 


fxk 


W = V,H 


W/E Mode 






10 


mA 


W = V,L 


Chip Erase Mode 






10 


/xA 


W = V,L 


lcci 


Vcc Standby Current 




18 


40 


mA 


E = V,H 


ICC2 


Vcc Active Current 




60 


110 


mA 


E = G=V,L 


V,l(DC) 


Input Low Voltage (DC) 


-0.1 




0.8 


V 




V,l(AC) 


Input Low Voltage (AC) 


-0.4 






V 


Time = 10 ns 


V,H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vw 


WRead Voltage 


2.0 




Vcc + 1 


V 




"W Write/Erase Voltage 


-0.1 




0.8 


V-. 




Vol 


Output Low Vbltage 






0.45 


V 


Iql = 2.1 mA 


VoH 


Output High Voltage 


2.4 






V 


loH = -400 )uA 


C|N 


Input Capacitance 




5 


10 


PF 


Vcc = 5.0V, chip deselected, pin 
under test at OV, Ta = 25°C, f = 
1 MHz 


CoUT 


Output Capacitance^^^ 






10 


pF 


Cvcc 


Vcc Capacitance^^^ 






500 


pF 


G = E=V,H 


Cvw 


Vw Capacitance ^^^ 






10 


pF 


^ = E=V,H 


Notes: 

1. Test Conditions: Output Load: 1 TTL gate and Cl = 100 pF; Input Rise and Fall Times: « 20 ns; Input Pulse Levels: 0.45V.to 2.4V; Timing 
Measurement Reference Level: Inputs: IV and 2V, Outputs: 0.8V and 2V 

2. Typical values are for Ta = 25°C and nominal supply voltages 

3. This parameter is periodically sampled and is not 100% tested. 
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AC CHARACTERISTICS DURING READ 



Symbol 


Parameter 


R52B33-20 


R52B33-25 


R52B33-30 


R52B33-35 


Unit 


Test Conditions'^? 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*AVQV 


Address to Data Valid 




200 




250 




300 




350 


ns 


E=G=V„ 


teLQv 


Chip Enable to Data Valid 




200 




250 




300 




350 


ns 


^ = V,L 


tGLQv"' 


Output Enable to Data Valid 


10 


80 


10 


90 


10 


100 


10 


100 


ns 


E = V,L 


'ehoz. 

tGHQz"' 


Output Enable to High Impedance 





60 





70 





80 





80 


ns 


E=V„ 


UXQX 


Output Hold from Address, Chip Enable, 
or Output Enable, whichever Transition 
Occurred Rrst 






















ns 


E=G=V,L 


Notes: 

1. Test Conditons: Output Load: 1 TTL gate and Gl = 100 pF; Input Rise and Fall times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurennent Reference Level: Inputs: 1V and 2V, Outputs: q.8V and 2V 

2. G may be delayed up to tAVQv-tQj^v after the falling edge of E without impact on Iavov Data is available at the DO outputs after a delay 
of tQLQv from the falling edge of G, provided that 1 has been low (V||_) and addresses have been valid for at least tAVQv^^GLQv- 

3- tEHQz. tQHQZ is specified from G or E whichever occurs first. 



READ TIMING DIAGRAM 



ADDRESSES 



X 



OUTPUT - 



ADDRESSES 
VALID 



X 



\ 



/ 



•■ lELQ V - 



\ 



HIGHZ 



^; 



- *AVQV - 



VALID OUTPUT 



/ 



^GHOZ 



m 



HIGHZ 
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AC CHARACTERISTICS DURING WRITE/ERASE 



Symbol 


Parameter 


R52B33-35 


Unit 


Min. 


Typ. 


Max. 


Q(1) 


Maximum Endurance 


10,000 






cycles/byte 


UvWL 


E, G or Address Setup to W 


50 






ns 


toVWL 


Data Setup to W 









ns 


twLDX<2> 


W to E, G, Address or Data Change 


50 






ns 


twLWH 


Write Enable, W, Pulse Width 
R52B33 


9 


10 


70 


ms 


R52B33H 


1 




20 


ms 


twR(3) 


W to Mode Change (Write Recovery Time) 


50 






ns 


Notes: 

1 . Maximum endurance, Q, is the number of write and erase cycles/byte. The endurance of the R52B33 is guaranteed to be at least 10,000 
cycles/byte. 

2. After twLDx hold time, from W, the inputs E, G, Address and Data are latched and are "No Effect" until twR, Write Recovery Time, after 
the trailing edge of W. _ 

3. The Write Recovery Time, twR, is the time after the trailing edge of W that the latches are open and able to accept the next mode set-up 
conditions. Reference Table 1 (page 6) for mode control conditions. 



BYTE ERASE OR BYTE WRITE TIMING 



ADDRESSES 



DQ0-DQ7 . 
(WRITE) 



DQ0-DQ7 
(ERASE) 



yi - ""^ - >( 



N. 



y' 



HIGHZ 



HIGHZ 



JF 



\ 



twLDX \ 
m m ^ 



NO EFFECT 



NO EFFECT 



NO EFFECT 



/ VALID )^ 



-fj- 



.A 



♦*WR-H 



NO EFFECT 



\. 



NO EFFECT 



BYTE ERASE/WRITE PERIOD - 



-START OF NEXT MODE 
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CHIP ERASE TIMING 



cc 






JZ 



/ 



z 



w 



DQ0-DQ7 HIGH Z ' 



y 



tovWL 



-*-*WLDX-^ ^ 



\. 



NO EFFECT 



NO EFFECT 



-ih 



IWLDX 



-CHIP ERASE PERIOD- 



/" 



-•-*WR-^ 



-H-*— START OF NEXT MODE 
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DEVICE OPERATION 

The Rockwell R52B33 has six modes of operation (see Table 
1). The control signals that determine these modes are TTL 
compatible. 

The chip clear and byte erase time is 1 ms. 

READ 

A read is accomplished by presenting the address of the desired 
byte to the Column and Row Address inputs with AQ as the LSB. 
Once the address is stable, E is brought low in order to enable 
the chip (W must be at a TTL high during the en^e read cycle). 
The output drivers are made active by bringing G to a TTL low. 
Data is valid Ielqv after E or Iglov after G 's low. The latches 
are transparent in the read mode. 

STANDBY 

The power dissipation of the chip may be reduced by taking 1" 
to a TTL high between operations. This lowers Pq by over 60%. 

BYTE ERASE/BYTE WRITE 

Each byte of the memory may be individually erased or written 
with TTL level pulses. The two operations have the same timing 
and specifications since the byte erase is performed by writing 
all highs (HEX FF) to the selected byte. This restores the byte 
to its clear state of logical one. The byte erase is performed by 
presenting the device with E at a logical low and G at a logical 
high after the address is stable. These controls must be stable 
for tAvwL before W is taken active. The data must be stable for 



tovwL- Ail of these control inputs together with the address and 
data lines are latched on the falling edge of W. After twLox they 
may be removed and the next condition established while the 
byte is being erased or wntten. This effectively increases the 
write speed. After twLWH. W may be returned to the TTL high 
level and the next operation begun twR after the rising edge of 
the pulse. 

CHIP CLEAR 

The chip clear is performed by taking CC'and E to a TTL low 
level and G to a TTL high voltage level. The order in which the 
controls are set does not matter, only that they are stable for 
tAvwL before W goes low. The I/O and the address inputs are 
No Effect. After the control and data inputs are stable, take 
W low. This latches all control and data inputs and, aftei^twiox 
all inputs with the exceJDtion of W become No Effect. W must 
be maintained at a low level for the duration of the chip clear 
cycle and then return it to a higlijevel. Another mode of oper- 
ation may be started twR after W is stable. The memory has 
now been returned to its clear state and contains all 1's. 

POWER UP/DOWN CONSIDERATIONS 

Internal circuitry on all devices guard against inadvertent pro- 
gramming of bits during times when Vqc is below the normal 
operating voltage. The device outputs will remain in highi_imped- 
ahce and the write/erase circuitry disabled as long as W is kept 
at ,V|LjMormal operation, as outlined in Table 1, can begin only 
after W has been taken to V I H. 



■ ■■ 


Table 1. Mode Selection (Vcc = 5V ± 10%) 






^"■"""-'•-«--......,^^ Pin 

Mode "'■""•--.......,^ 


E 
(20) 


CO 

(1) 


G 
(22) 


W 
(27) 


DQ0-OQ7 
(11-13, 15-19) 


Read<^) 


v,L 


V,H 


V,L 


V,H 


DouT 


Standby'^ ^ 


V,H 


No Effect 


No Effect 


No Effect 


HighZ 


Byte Erase 


V.L 


V,H 


V,H 


V,L 


D,N = V,H 


Byte Write 


V,L 


V,H 


V,H 


V,L 


Din 


Chip Clear 


V,L 


V,L 


V,H 


V,L 


D|N = V,H 


Write/Erase Inhibit 


V,H 


No Effect 


No Effect 


No Effect 


HighZ 


Note: 

1 . W may be from V|h to 

2. No Effect = No effect 


6V in the read and standby mode. 

on selection/enable logic, however, no voltage greater than logic levels shall be applied. 
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MICROPROCESSOR INTERFACE CIRCUIT EXAMPLE FOR BYTE WRITE/ERASE 



ADDRESS r 
BUS ^ 



SYSTEM RESET »- 



MEMORY RESET »- 
EEROM SELECT »- 
MEMORY WRITE »- 



CHIP SELECT »- 
DATA BUS <]Z 



^ 



r 



-& 




n 



:i n 



^ — )°~! r ' — *4Lsqo| 

L74LS32J 



74LS0( 



^ 



A0-A12 
G 



W 



R52B33 



E 
DQ0-DQ7 



NOTE: 

ALL SIGNALS MUST SATISFY THE RELATIONSHIPS INDICATED 
3Y THE TIMING DIAGRAMS SHOWN ON PAGES 3, 4 A ND 5. 
EEROM SELECT IS DERIVED FROM THE CHIP SELECT 
SIGNALS OF ALL DEVICES FOR WHICH THIS CIRCUIT GATES 
W. THIS MAY ENTAIL A SIMPLE OR FUNCTION. IN CASE OF A 
SINGLE EEROM, THE TWO SIGNALS WOULD BE COMMON. 



TYPICAL EEROM WRITE/ERAS 


E ROUTINE 












( START j 


WAIT SUBhuuiink: 






( WAIT j 






1 


f 






\ 


f 






ISSUE 

MEMORY READ 

COMMAND 

TO EEROM 








INITIALIZE 
COUNT 






i 








1 






EXECUTE 

WAIT 

SUBROUTINE 

FOR twLWH 








DECREMENT 
COUNT 












i 








1 


NO 




ISSUE 

MEMORY WRITE 

COMMAND 

TO EEROM 


-^^COUNT = 0^^^> 








1 


f 




^Tyes 






( ™ ) 


( RETURN j 












i 
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PACKAGE DIMENSIONS 

2»i>IN CERDIP 

i-ir-ir-n-ii-ir-ir-ii-ir-ir-ir-ii— if-ii— I 



ULJLJLJLJLJLJLJLJLJLJLJLJLJ 




N I J — n 



Hh" H°h 



1^ 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.32 


37.34 


1.430 


1 .470 


B 


12.95 


13.46 


0.510 


0.530 


C 


3.68 


4.19 


0.145 


0.165 


D 


0.41 


0.51 


0.016 


0.020 


F 


1.27 


1.52 


0.050 


0.060 


G 


2.54 BSC 


0.100 BSC 1 


J 


0.20 


0.30 


0.008 


0.012 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.19 


0.125 


0.165 


L 


16.13 


17.41 


0.635 


0.685 


M 


15.24 


15.75 


0.600 


0.620 


N 


0.89 


1.14 


0.035 


0.045 
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R2816A and R5516A 
16K (2K X 8) LATCHED EEPROM WITH TIMER 



FEATURES 

• High endurance erase/write cycles 

— 1,000,000 cycles per byte (R5516A) 

— 10,000 cycles per byte (R2816A and R2816AH) 

• 5 volt-only operation 

• On-chip latches for direct microprocessor bus interface 

• On-chip timer for self-completed byte erase and write 

• Fast byte write cycle 

— 2 ms write (R2816AH) 

— 10 ms write (R2816A and R5516A) 

• Fast access time: 250 ns, 300 ns, 350 ns (max.) 

• TTL voltage level controlled modes 

— Byte read 

— Byte write with automatic byte erase 

— Read/write inhibit 

• Optional high voltage controlled modes 

— Byte erase 

— Byte write 

-— 9 ms chip clear 

• Power up/down protection circuitry 

• Low power operation 

— 110 mA (max.) active current 

— 40 mA (max.) standby current 

• JEDEC approved 24-pin byte-wide pinout 

• Direct replacement for 2K x 8 EEPROMs 

— 21V 2816 

— 5V2816Aand 551 6A 



ORDERING INFORMATION 



Part Number: R281 6A 

R5516A 



- Access Time 

25 = 250 ns 

3 = 300 ns 

35 = 360 ns 

' — Byte Write time 

H - 2 ms(R2816AH only) 
No letter = 10 ms 



DESCRIPTION 

The Rockwell R2816A and R5516A are 16K (2K x 8) electrically 
erasable programmable read-only memory (EEPROM) devices 
with on-chip latches and write timer. EEPROMs allow non-volatile 
storage of data when power is off and in-circuit reading and 
writing of data when power is on. 

The R2816A and R5516A both operate with TTL level signals 
and a 5-volt power supply. The endurance, the number of times 
that a byte may be written to a particular location, is 1 million 
for the R5516A and 10 thousand for the R2816A. Once written, 
there is no limit to the number of times that the data may be read. 

Both EEPROMs have an internal timer that automatically times 
out the write time. The on-chip timer, along with the latching of 
address and data lines, allows the EEPROM to complete write 
operation independently of the MPU. After executing a write 




A0-A3 I^ 
A4-'A10 ^^ 



COLUMN 
ADDRESS 
LATCHES 



ROW 
ADDRESS 
LATCHES 



:0 



COLUMN 
ADDRESS 
DECODE 



ROW 
ADDRESS 
DECODE 



W 
E 



4 LATCH ENABLE 



H 



MEMORY 
ARRAY 



EDGE DETECT 

& 

LATCHES 



TIMER 



ERASE 



WRITE 



11 



INPUT 

DATA 

LATCHES 



i LATCH ENABLE 



CONTROL 
LATCHES 



CONTROL 
LOGIC 



2S 



ii 



I/O BUFFERS 



DQ0-DQ7 



W 



R2816A and R5516A Block Diagram 
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R2816A and R5516A 



16K (2K X 8) EEPROM 



instruction to the EEPROM, the MPU is thus free to continue 
other computational tasks without delay or interruption required 
by earlier generation EEPROMs. The write operation is com- 
pleted automatically, taking only 10 ms for the R2816A and 
R5516A, or only 2 ms for the faster R2816AH. A^separate erase 
cycle is not required and the Write Enable (W) pulse width 
requirement Is only 150 ns (max.). 

The R2816A EEPROM Is the cost-effective choice for applica- 
tions requiring infrequent updating of non-volatile data, i.e., no 
more than 10,000 updates/byte. The R5516A is ideal for designs 
employing frequent update of data. 



A0-A10 


ADDRESS 


E 


CHIP ENABLE 


G 


OUTPUT ENABLE 


W 


WRITE ENABLE 


DQ0-DQ7 


DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 


R2816A and R5516A Pin Names 

ABSOLUTE MAXIMUM RATINGS* 


Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.5 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.5 to +7.0 


Vdc 


Output Voltage 


Vqut 


-0.5 to +7.0 


Vdc 


Temperature Under Bias 


TSTG 


-10 to +80 


oc 


Storage Temperature 


TsTG 


-65 to +100 


•'C 


W Level in Optional 
High Voltage Byte Erase/ 
Write and Chip Clear Modes 


Vw 


-0.5 to +22.5 


Vdc 


W or G Max. Duration at 22V 


tw.tQ 


24 


Hrs 


G Level in Optional 
HV Chip Clear Mode 


Vg 


-0.5 to 22.5 


Vdc 











A7 d 


1 24 


ZD VCC 


A6 CZ 2 


23 


Z3 A8 


A5 nz 3 


22 


Z3 A9 


A4 [= 4 


21 


ZZ W 


A3 [H 5 


20 


ZD G 


A2 CZ 


6 


19 


ZJ AID 


A1 CZ 


7 


18 


ZH E 


AG CZ 8 


17 


Z3 DQ7 


DQO CZ 9 


16 


ZD DQ6 


DQ1 iz: 


10 


15 


Z3 DOS 


DQ2 CZ 


11 


14 


ZZ DQ4 


GND CZ 


12 


13 


ZZ DQ3 











R2816A and R5516A Pin Configuration 

*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


All Modes 


Vcc Supply Voltage 


5V ±10% 


Temperature Range 


to 70°C 



DC CHARACTERISTICS 

(Vcc = 5.0V ±10%, Ta = 0°C to 70°C (unless otherwise noted) 



Symbol 


Parameter 


Min. 


Typ.2 


Max. 


Unit 


Test Condltionsi 


l|N 


Input Leakage Current 






10 


UA 


V,N = 5.5V 


Iqut 


Output Leakage Current 






10 


fiA 


Vout = 5.5V 


Iw 


Write Enable Leakage Current 






10 


^A 


W =. Vw 


•g 


Output Enable Leakage Current 






10 


/iA 


G = Vg 


lcci 


Vcc Standby Current 




18 


40 


mA 


E = V,H, G = V,L 

All I/O lines open, other inputs = 5.5V 


ICC2 


Vcc Active Current 




60 


110 


mA 


E = G = V,L 

All I/O lines open, other Inputs = 5.5V 


V,L 


Input Low Voltage 


-0.1 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vw 


W Input High Voltage in Optional 
HV Byte Erase/Write and HV Chip 
Clear Modes 


12 




22 


V 




Vg 


G Input High Voltage in 
Optional HV Chip Clear Mode 


12 




22 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


loH = -400 /.A 


C-IN 


Input Capacitance3 






7 


pF 


Vcc = 50 V, chip deselected, pin 
under test at OV, T^ = 25«C, f = 1 MHz 


Cqut 


Output Capacitance^ 






10 


pF 


Notes: 

1. Test Conditions: Output Load: 1 TTL gate and Cl = 100 pF; Input Rise 2. Typical values are for T;^ = 25°C and Vcc = 5.0V. 

and Fall Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 3. This parameter is periodically sampled and is not 100% tested. 
Measurement Reference Level: Inputs: 1 V and 2V, Outputs: 0.8V and 2V 
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EEPROM OPERATION 

The Rockwell R2816A and R5516A EEPROMs have four modes 
of TTL level controlled operation (Table 1) and three optional 
high voltage level controlled modes (Table 2). The standby, byte 
read, byte write, and write/read_[nhlbit modes are controlled by 
TTL levels^on the Chip Enable (E), Output Enable (G) and Write 
Enable (\/V) inputs. These modes support operations in cost- 
sensitive designs where minimal supporting circuitry is required. 

The optional high voltage controlled modes allow R2816A/ 
R5516A operation in circuits designed for earlier generation 
EEPROMs. A high voltage (12-22V) on W supports separate 
byte erase and byte write operations required by prior EEPIROM 
designs. The chipclear mode requires high voltage inputs on 
two control pins (W and G). 



TTL LEVEL CONTROLLED MODES 

BYTE READ 

The byte read mode drives the data line outputs (DQ0-DQ7) with 
the contents of the EEPROM byte located by input address lines 
A0-A10. Read access time is 250 ns or less (R2816A-25/ 
R5516A-25). 

A byte is read by stabilizing address lines A0-A10, applying^ 
TTL low to E to enable the device, and applying TTL low to G 
to enable the data output drivers. Output data is valid on 
DQO-DQT^ after t^voV' %LDV' or ^qldv time, whichever is 
limiting. W is held at TTL high throughout the cycle. 

STANDBY 

The standby mode reduces R2816A/R5516A power dissipation 
by over 60% (maximum ICC drops from 110 mA to 40 mA). 

A TTL high on E places_the R281 6A/R5516A in the standby mode 
regardless of the G or W input levels. The data output lines are 
in a high impedance state in this mode. 



Applying a TTL low to the W input of the selected EEPROM (E 
low) with the outputs disabled (G high) initiates the byte write 
cycle. The address is latched on the falling edge of W (or E, 
whichever^curs later) and the data is latched on the rising edge 
of W (or E, whichever occurs first). The EEPROM uses the 
internal timer to automatically complete the byte erase and write 
operation without intervention from the MPU. 

WRITE OR READ INHIBIT 

Applying a TTL low to E with both G and W held at TTL high 
enables the EEPROM but inhibits both reading from, and writing 
to, the device. 



OPTIONAL HIGH VOLTAGE 
CONTROLLED MODES 

HV BYTE ERASE OR BYTE WRITE 

The high voltage byte erase or write mode operates the same 
as the TTL level controlled byte write mode with the following 
exceptions: 

1. The active W voltage level is 12-22V rather than TTL low. 

2. A separate byte erase cycle must be performed with all data 
bits set to 1 (data lines are TTL high) prior to the byte write 
cycle. 

HV CHIP CLEAR 

The chip clear mode erases all data in the R2816A/R5516A to 
the 1 state (TTL high) in 10 ms. 

When the device is enabled, raising W and G to a highvoltage 
level (12-22V) initiates the chipclear mode. Dropping W below 
the high voltage minimum level terminates the mode. The data 
lines must be held at TTL high. 




BYTE WRITE 

The TTL controlled byte write cycle performs both a byte erase 
(all bits are written to the 1 state) and a byte write (all bits are 
written to the input data line states) in the same write cycle. A 
separate, preceding byte erase cycle is not required. 



POWER UP/DOWN WRITE PROTECTION 

Internal circuitry protects the R2816A/R5516A against a false 
write during VCC power application or removal. This circuitry 
prevents writing under any of the following conditions: 



Table 1 . TTL Modes Selection 



Mode 


Control Pins 


I/O Data 

Lines 

(DQ0-DQ7) 


Chip 

Select 

(i) 


Output 

Enable 

(G) 


Write 

Enable 

(W) 


Byte Read 
Standby 
Byte Write 
Write/Read Inhibit 


V,H 


No Effect 

V,H 


No Effect 

V,L 
VlH 


Dqut 
HighZ 

HighZ 


Note: No Effect = No effect on logic selection, however, no voltage 
level other than TTL levels shall be applied. 



1. VCC is less than 3V. _^ 

2. A negative transition on W does not occur when VCC Is 
between 3V and 5V. 

Table 2. Optional High Voltage (HV) Modes Selection 



Mode 


Control Pins 


I/O Data 

Lines 

(DQ0-DQ7) 


Chip 

Select 

(E) 


Output 

Enable 

(G) 


Write 

Enable 

(W) 


HV Byte Erase 
HV Byte Write 
HV Chip Clear 




V,H 


Vw 
Vw 
Vw 
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AC CHARACTERISTICS 

Vcc = 5.0V ± 10%, Ta = CC to 70°C (unless otherwise specified) 

BYTE READ 



Symbol 


Parameter 


Limits (ns) 


Units 


R5516A-25 
R2816A-25 


R5516A-3 
R2816A-3 


R2816A-35 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Wax 


Read Cycle Time 


250 




300 




350 




ns 


tgLOV 


Chip Enable (1) Access Time (tee) 




250 




300 




360 


ns 


Wqv 


Address Access Time (tAcc) 




250 




300 




350 


ns 


^GLOV 


Output Enable (G) Access Time (toE) 




90 




100 




100 


ns 


^EHQZ 


E to Output in High Z 


10 


100 


10 


100 


10 


100 


ns 


*GHQZ 


G to Output in High Z (top) 


10 


100 


10 


100 


10 


100 


ns 


Wqx 


Output Hold from Address Change Ooh) 


50 




50 




50 




ns 


tpu 


E Low to Power-Up Time 

















ns 


tpD 


E High to Power Down Time 




50 




50 




50 


ns 


Notes: 

1. Test Conditions: Output Load: 1 TTL gate and Cl = 100 pF; Input Rise and Fall Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: IV and 2V, Outputs: 0.8V and 2V. 

2. G low may be delayed up to toLov ^^®'' the falling edge of E without impact on t^vov 
3 ^EHOzV and tQHQz are specified from G or E high whichever occurs first. 



BYTE READ WAVEFORMS 



w 



AG -AID 
(ADDRESS) XXY>L 



• UVAX - 



ADDRESS VALID 



X 



"UvQV" 



\ 



DQ0-DQ7 HIGH Z 
(DATA OUT) 



(Ice Vcc , 

CURRENT) 'cci 



\ 



- tGUQV - 



ADDRESS VALID 



J' 



{ DATA VALID 



/ 



J 



- tEHQZ — * 



"* — *GHQ2 — ^ 



♦^AXOX*- 



DATA VALID 



m 



HIGHZ 



■ tpD " 



/ 



ACTIVE CURRENT 



STANDBY CURRENT 
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BYTE WRITE TIMING 



Symbol 


Parameter 


R5516A-25 
R2816A-'25 


R5516A-3 
R2816A-3 


R2816A-35 


Units 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Q 


Maximum Endurance R5516A 


1,000,000 




1,000,000 




_ 




cycles/ 
bytes 


R2816A, R2816AH 


10,000 




10.000 




10,000 




twc 


R2816AH 


2 




2 




— 




ms 


R5516A, R2816A 


10 




10 




10 




VvVVL 


Address Setup Time 


10 




10 




10 




ns 


twLAX 


Address Hold Time 


50 




70 




70 




ns 


tELWL 


Write Setup Time 

















ns 


^WHEX 


Write Hold Time 

















ns 


tOHWL 


G Setup Time 


10 




10 




10 




ns 


twHGX 


G Hold Time 


10 




10 




10 




ns 


twLWH 


W Write Pulse Width^ 


150 




150 




50 




ns 


twHWX 


Data Latch Time 


50 




50 




50 




ns 


twLDV 


Data Valid Time2 




1 




1 




1 


fiS 


toVWH 


Data Setup Time 


20 


■ 


50 




50 




ns 


twHDX 


Data Hold Time 


20 




20 




20 




ns 


Notes: 

1 . W is noise protected. Less tlian a 20 ns write pulse will not activate a write cycle. 

2. Data must be valid within 1 /is maximum after the initiation of a write cycle. 



BYTE WRITE WAVEFORMS 



A0-A10 
(ADDRESS) "^yX^ 



ADDRESS VALID 



^ 



z 



DQ0-DQ7 
(DATA IN) 



DQ0-DQ7 
(DATA OUT) 



- ^GHWL •• 



^. 



*WLDV 



- twLAX - 



-twc" 



- ^WHEX -*■ 



mmT/M A 



i mwwwwvw 



r 



•* twHWX 



^S^^ 



DATA VALID 



^7 



HIGH Z 



-4h- 
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HIGH VOLTAGE BYTE ERASE/WRrTE TIMING 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Vvwv 


Address Valid to W HV Setup Time (Ias) 


150 






ns 




tELWV 


E Low to W HV Setup Time (tcs) 


160 






ns 




^GHWV 


G High to W HV Setup Time 









ns 


W = 6V 


tovwv 


Data Valid to W HV Setup Time (tos) 









ns 




twvwx 


W HV Pulse Width 


9 


10 


70 


ms 




twF 


W Fall Time 


5 






/^s 


W = 6V 


twHGX 


G Hold Time 









ns 




twHDX 


Data Hold Time (toH) 


50 






ns 


W = 6V 


Wheh 


W Recovery Time (tyvp) 


50 






ns 


W ^ 6V 


Vhax 


Address Hold Time 


50 






ns 


W = 6V 



HIGH VOLTAGE BYTE ERASE/WRITE WAVEFORMS 



A0-A10 
(ADDRESS) 



): 



ADDRESS VALID 



\ 



W 



. V,. 



tovwv — *• 

DQO-DQ? HIGH Z 

(DATA IN) 

DQ0-DQ7 



(DATA OUT) 



HIGHZ 



tQHWV 



\ 



DATA VALID 



■'WHAX ■ 



X 



/ 



twHEH 



- ^WHDX 

HIGHZ 



{ HIGH Z 



^7^ 



mzzr 



teM 
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HIGH VOLTAGE CHIP CLEAR TIMING 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tELWV 


I Low to W HV Setup Time (tcs) 


10 






ns 




tQVWV 


G HV to W HV Setup Time 


10 






ns 




tDHWV 


Data High to W HV Setup Time (tos) 









ns 




twvwx 


WHV Pulse Width 


9 


10 


70 


ms 




twF 


W Fall Time 


5 






/iS 


W = 6V 


twHGX 


G Hold Time 


10 






ns 


W = 6V, G = 12V 


twHDX 


Data Hold Time (tpH) 


50 






ns 


W = 6V 


twHEH 


W Recovery Time (Iwr) 


50 






ns 


W = 6V 



HIGH VOLTAGE CHIP CLEAR WAVEFORMS 










*ELWV 






/ 

^HEH 








\ 






/J 

- 6 






w 


V 


J 


*— twF 


toHWV 

DQ0-DQ7 „,Q„2 1 




V,H 












*WHDX 

- HIGH Z 










tovwv 

■J 










'WHGX 


' Vg 


~i 


1 
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PACKAGE DIMENSIONS 



24-PIN CERDIP 

n n n n n n n n n n n n 



f 0.557 ±0.042 
S (14.15 ± 1.07) 



u u u "LI n u u u u u u u 

^..' 1.260 £ 0.025 

" " (32.00 ± 0.64) " ~" 



0.160 ± 0.02 
(4.06 ± 0.50) 




_ 0.610 ± 0.01 _ 
(15.49 ± 0.25)^ 



0.010 ± 0.002 
(0.25 ± 0.05) 



0.04 ± 0.02 0.100 Hi 0.010 

(1.01 i 0.50) (2.54 ±0.25) 



0.055 ± 0.008 
(1.39 + 0.20) 

DIMENSIONS IN INCHES AND (MILLIMETERS) 



f* -H K rlr* °-^25 MIN. I 

0.018 ± 0.002 <3''7) ggo ^ 

I (0.45*0.05) |- (16.76 ±1.0 
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Product Preview 



DESCRIPTION 

The Rockwell R2000 Non-Volatile Random Access Memory 
(NVRAM) is a conventional 64 x 8 static random access 
memory (RAM) overlaid bit-for-bit with a 64 x 8 non-voltatlle 
electrically eraseable programmable read only memory 
(EEPROM). The NVRAM combines the fast access read/write 
functions of static RAM with the permanent storage capability 
of EEPROM. STORE and RECALL commands, implemented as 
addresses to provide niaximum user flexibility, initiate RAM to 
EEPROM and EEPROM to RAM data transfers. In response to 
the STORE command, the contents of the RAM are written into 
the EEPROM within 12 ms. In response to the RECALL com- 
mand, the contents of the EEPROM are transferred to the RAM 
within 7.5 fis. These commands require no additional control 
lines or external circuitry to support bus operation during power 
loss, thus greatly simplifying R2000 system design-In. 

Three inputs can be variously strapped to cause the R2000's 
byte-wide parallel bus interface to operate in one of five different 
bus configurations. This enables the R2000 to operate with most 
industry standard microprbcessors and single-chip microcom- 
puters with extended buses. 

R2000 applications include (1) saving of critical system data upon 
power failure, (2) permanent storage of instrument/machine self- 
recalibration or transmitted parameters, (3) password storage, 
(4) replacement of DIP switches used for system configuration, 
and (5) automotive applications ranging from entry-codes to 
engine performance adjustments. 



FEATURES 

• Byte-wide 64 x 8 organization 

• Single 5V power supply 

• Low power dissipation 

— 50 nriA active current 

— 10 mA STORE current 

— 25 mA standby current 

• 10-Year data retention for each STORE 

• Minimum 10,000 non-volatile STORE cycle endurance 

• Microprocessor and microcontroller bus compatible 

• Five strappable, directly compatible, bus interface configurations: 

— R6500, R65C00, 6800 non-multiplexed bus 

— Z80 non-multiplexed bus 

— R65C00/21, 6801 multiplexed bus 

— R6500/11, R6500/41 multiplexed bus 

— 8051 multiplexed bus 

• Software control of non-volatile functions 

— Storage protection 

— STORE and RECALL operation 

— No additional control lines 

— Only a single external capacitor required 

• Fast static RAM access time: 

— 125 ns (max.) for non-multiplexed bus 

— 250 ns (max.) for multiplexed bus 

• Reliable N-channel floating gate technology 

• TTL compatible 

• Self-timed STORE with power-down retention pin 












BC2 C 
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J 
24 


D VCC 


BC1 C 


2 


23 


U VRR 


A5(NC) C 


3 


22 


I] 02(WR) 


A4(NC) C 


4 


21 


r] NC(AS/ALE) 


A3(NC) C 


5 


20 


HE 


A2(NC) C 


6 


19 


H MPX 


A1(NC) C 


7 


18 


H R/W(RD) 


AO(NC) C 


8 


17 


U D7 


DO(AO/DO) C 


9 


16 


U D6 


D1(A1/D1) C 


10 


15 


I] D5(A5/D5) 


D2(A2/D2) C 


11 


14 


H D4(A4/D4) 


GND C 


12 


13 


U D3(A3/D3) 











R2000 Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +12.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +12.0 


Vdc 


Output Voltage 


VOUT 


-0.3 to +7.0 


Vdc 


Temperature Under Bias 


Ta 


-10 to +80 


*c 


Storage Temperature 


TSTG 


-65 to +100 


.°C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



OPERATING CONDITIONS 



Parameter 


All Modes 


Vcc Supply Voltage 


■5V±5% 


Temperature Range 


to 70*C 



DC CHARACTERISTICS 

(Vcc = 5-OV ±5%, Ta = CC to 70°C, unless otherwise specified) 



Symbol 


Parameter 


Mih. 


Typ.2 


Max. 


Unit 


Test Conditions^ 


•in 


Input Leakage Current 






10 


M 


Vcc = 5.25V 

V,N = GND to 5.25V 


'out 


Output Leakage Current 






10 


(lA 


VouT = GND to Vcc Max. 


•rr 


Vrr Store Current 






10 


mA 


Vrr = Vcc +0V, -0.25V, 
Vcc= OV 


'cci 


Vcc Standby Current 






25 


mA 


E = V,H, Vcc = 5.25V 


ICC2 


Vcc Active Current 






50 


mA 


E = V,L,Vcc = 5.25V 


Vrr 


Vrr Supply Voltage 


4.0 




5.25 


V 


STORE Cycle, Vqc = OV 


V,L 


Input Low Voltage 


-0.3 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.4 


V 


Iql = 3.2 mA 


VoH 


Output High Voltage 


2,4 






V 


Iqh = -0.3 mA 


C|N 


Input Capacitance 






5 


pF 


Vcc = 5.0V, chip deselected, pin under test at OV, 
Ta = 25«C, f = 1 MHz 


Cqut 


Output Capacitance^ 






150 


pF 


Notes: 

1. Test Conditions: Output Load: 1 TTL gate and Cl = 100 pF; Input Rise and Fall Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: IV and 2V, Outputs: 0.8V and 2V. 

2. Typical values are for T^ = 25°C and Vqq = 5.0V. 

3. This parameter is periodically sampled and is not 100% tested. 

4. All units are direct current (DC) except capacitance. 
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SIGNAL DESCRIPTION 

A0-A5 —Address Lines. The six address inputs select memory 
locations in RAM and initiate the STORE and RECALL com- 
mands. In a non-multiplexed bus configuration, these lines are 
assigned to the A0-A5 pins. In a multiplexed bus configuration, 
some, or all, of the address inputs are shared with the D0-D5 
data lines. 

D0-D7— Data Lines. When E is LOW, the eight bidirectional, 
three-state, data lines transfer data from the R2000 RAM to the 
data bus during a read operation, or from the data bus to the 
R2000 during a write operation. When E is HIGH, the data lines 
are in a high impedance state. In a multiplexed bus configura- 
tion, some of the data lines double as address lines. 

E— Chip Enable. E LOW input enables RAM read and write 
operation, as well as STORE and RECALL initiation. When 
E is HIGH, the R2000 is disabled and operates in a low-power 
standby mode. In the standby mode the R2000 consumes almost 
50°/o less power than in the active mode. The data output lines 
are in a high impedance state during standby mode. 

02(WR)— Clock/(Wr|te). This pin acts as either the Clock (02) 
or Write Enable (WR) input depending on bus interface 
configuration. When configured for an 6500/6800 bus, 02 clocks 
data in or out of the R2000 depending on the level of R/W. 
When configured for an Z80/8051 bus, WR LOW (and RD 
HIGH) enables data to be written from the data lines into the 
R2000. 

R/W (RD)— Read/Write (Read). Th]S_input pin serves as either 
Read/Write (R/W) or Read Enable (RD) depending upon the bus 
interface configuration. When configured for an 6500/6800 bus, 
R/W HIGH enablesdata to be read from R20G0 RAM to the data 
lines, whereas R/W LOW enables data to be written from the 
data lines into th e R2 o6o. When configured for an 280/8051 bus, 
RD LOW (and WR HIGH) enables data to be written from 
the R2000 RAM to the data bus. 

NC(AS/ALE)— No Connect (Address Strobe/ Address Latch 
Enable). This pin is used only with a multiplexed bus. A HIGH 
on this pin— AS for an R6500/* bus, or ALE for the 8051 bus- 
indicates that a valid address exists on the data/address lines. 

MPX-^Multiplex. The MPX, BC1 arid BC2 inputs determine the 
bus interface configuration. MPX HIGH seleets a multiplexed 
bus, whereas MPX LOW selects a non-multiplexed bus. 

BC1, BC2— Bus Configuration 1 and 2. The BC1 and BC2 

inputs, in conjunction with the MPX input, determine the bus 
interface configuration. Table 2 defines the specific bus selected 
by strapping each of these three inputs to either Vcc or GND. 

Vrr— STORE Power Supply. This power down retention pin 
is nprmally connected to an external 470 /tF capacitor. The 
capacitor retains enough power to write the data from RAM into 
EEPROM when STORE is commanded upon loss of Vcc- • 

Vcc— Power. + 5 Vdc. 

GND— Ground. Ground. 



FUNCTIONAL DESCRIPTION 

The major functions in the R2000 NVRAM are (1) the volatile 
static RAM with its associated address decode, sense and read 
circuitry, write control circuitry, and input receivers/output 
drivers; (2) the non-volatile EEPROM with its associated STORE 
and RECALL control circuit, and high voltage generator; and 
(3) the bus Interface configuration logic. A block diagram of the 
R2000 NVRAM is shown in Figure 1 . 
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Figure 1 . R2000 Block Diagram 



RAM 



The 64 bytes of volatile RAM are located at addresses to 3F 
(hexadecimal) as decoded from address lines A0-A5. Locations 
and 1 in RAM are not accessible since addresses and 1 cor- 
respond to the STORE and RECALL commands, respectively. 
The remaining bytes are available for general read/write access. 
Table 1 summarizes the memory map and the command 
operations. 

During normal operation, the RAM operates at bus speed without 
affecting the contents of the EEPROM. RAM accesses are con- 
trolled by E, 02(WR), R/W(RD), and (AS/ALE) inputs depending 
on the strapped bus configuration. 

EEPROM 

The 64 bytes of non-volatile EEPROM shadow the static RAM 
cell-for-cell. Shadowing means that the RAM array is overlaid 
bit-fot-bit with the EEPROM array. The EEPROM operates in 
parallel with the static RAM during a STORE or RECALL thus 
providing immediate storage and retrieval. The first two bytes 
are not used because the corresponding addresses are used 
for the STORE and RECALL commands. 
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STORE SECURITY KEY 

The STORE and RECALL circuit controls the transfer of data 
between the RAIVI and the EEPROIVl. When a STORE command 
is received, i.e., address is written with the value B5 (hexa- 
decimal) on the data lines, data is copied from RAM to the 
EEPROM. The B5 value, called the STORE security key, is 
saved in an internal register during the STORE process. Once 
initiated, the STORE process completes under internal control 
and cannot be interrupted by an external signal. Access to the 
RAM from the data bus is inhibited during this time (indeter- 
minate data will be output to the data bus if a read is attempted) 
and is re-enabled at the completion of the STORE. After STORE 
is complete— less than 12 ms after receipt of the STORE 
command— the B5 value is erased to prevent an inadvertent 
STORE from occurring due to an unintentional generation of 
address 0. Internal R2000 circuitry also prevents alteration of 
EEPROM contents during Vcc and Vrr decay following power 
loss, and during Vqc and Vrr rise after power application. 

When a RECALL command is received, i.e., any data is written 
to address 1, data in the EEPROM is copied to the RAM. The 
RECALL time takes less than 7.5 ^s. 





Tabid. R2000 NVRAM Memory Map 


Address 
(Hex.) 


Read/ 
Write 


Data 
Value 


Function 


00 


Write 


B5 


STORE RAM to EEPROM. The RAM 
byte at this location is not accessible. 
The B5 data value is required to 
initiate the STORE sequence. 


Read 


- 


No operation. 


01 


Write 


Any 


RECALL RAM from EEPROM. RAM 
data at this location is not accessible. 


Read 


— 


No operation 


02-3F 


Write 


Any 


Write data to RAM locations 02-3F. 


Read 


Any 


Read data from RAM locations 02-3F. 



STORE AND RECALL EXECUTION 

Read and write instructions can be executed in the application 
program to STORE and RECALL data either during normal 
operation or upon detection of power loss or turn-on. If performed 
as a part of normal operation, the STORE and RECALL instruc- 
tions can be executed either periodically or upon demand. If 
performed as a part of power on/off processing, the STORE 
instruction should be executed as part df the power loss detect 
interrupt handling routine, and the RECALL instruction executed 
as part of the power turn-on processing. 



Vrr CONNECTION 

The Vrr pin is normally connected to an external 470 aiF (min.), 
15V capacitor. The capacitor, charged through internal circuitry 
to a value of Vcc - 0.25V, contains enough energy to complete 
a STORE operation upon loss of Vcc- An internal current 
limiting switch prevents a large inrush current to the capacitor 
upon power turn-on. An internal power switch connected to Vcc 
opens during a STORE operation and when Vcc drops below 
Vrr to inhibit current drain from the capacitor into the Vcc 
power grid. 

If the Vcc power grid has enough stored energy to support 
R2000 operation for at least 1 2 ms after the processor detects 
power loss and initiates a STORE, the Vrr pin can be con- 
nected to Vcc rather than the capacitor. 

SYSTEM CONNECTION 

Figure 2 shows a typical system connection using an R6502 
CPU, 4K X 8 static RAM, system decode logic, on an R2000 
NVRAM. 
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Figure 2. Typical System Interface 
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BUS CONFIGURATIONS 

Strapping MPX, BGl , BC2 inputs high (Vcc or low (GND) con- 
figures the R2000 bus interface to operate with one of five dif- 
ferent busses as specified in Table 2. Figure 3 shows the five 
possible configurations. 





Table 2. Bus Configuration Strapping 


Pin Connections 


Bus interface 


MPX 


BC2 


BC1 


LOW 


LOW 


LOW 


R6500, R65C0O, 6800 Non-multiplexed 


LOW 


LOW 


HIGH 


Z80 Non-multiplexed 


HIGH 


LOW 


LOW 


R65G00/21, 6801 Multiplexed 


HIGH 


HIGH 


LOW 


R6500/11, R6500/41 Multiplexed 


HIGH 


LOW 


HIGH 


8085/8051 Multiplexed 


Note: Low = GND, High = Vcc 



BC2 (GND) 

BC1 (GND) 

NC 

NC 

NC 

NC 

NC 

NC 

AD/DO 

A1/D1 

A2/D2 

GND 



BC2 (GND) EZ 


1 ^ 


^24 


IZI VCC 


BC2(GMD) nZ 


1 ^ 


- 24 


ZD VCC 


BC1 (GND) m 


2 


23 


13 VRR 


BC1 (VCC) CZ 


2 


23 


ZD VRR 


A5 CZ 


3 


22 


ZD 02 


A5 z: 


3 


22 


—] WR 


A4 1= 


4 


21 


Z3 NC 


A4 [Z 


4 


21 


ZD NC 


A3 C= 


5 


20 


ZD E 


A3 CZ 


5 


20 


z: E 


A2 d 


6 


19 


ZH iWPX (GND) 


A2 iz: 


6 


19 


ID MPX (GND) 


A1 EI 


7 


18 


ZD R/W 


A1 nz 


7 


18 


ZD RD 


AC d 


8 


17 


ZD D7 


AG zd 


8 


17 


ZD D7 


DO [= 


9 


16 


ZD D6 


DO d 


9 


16 


ZD D6 


D1 CZ 


10 


15 


ZD D5 


D1 CZ 


10 


15 


ZD D5 


D2 nz 


11 


14 


ZD D4 


02 CZ 


11 


14 


ZD D4 


GND CZ 


12 


13 


ZD D3 


GND CZ 


12 


13 


ZD D3 



R6500, R65C00, 6800 
Non-muitipiexed Bus interface 



ZOO 
Non-multipiexed Bus interface 



CZ 


1 ^ 


■^24 


CZ 


2 


23 


CZ 


3 


22 


iz: 


4 


21 


iz: 


5 


20 


ZI 


6 


19 


CZ 


7 


18 


CZ 


8 


17 


\— 


9 


16 


CZ 


10 


15 


cq 


11 


14 


CZ 


12 


13 
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H} VRR 
02 
AS 
E 
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D7 
D6 
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BC2 (VCC) 

BC1 (GND) 

A5 



A3 
A2 
A1 
AC 
DO 
D1 

D2 z: 

GND 



1 ^ 


^24 


2 


23 


3 


22 


4 


21 


5 


20 


6 


19 


7 


18 


8 


17 
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16 


10 


15 


11 


14 
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AS 
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R/W 

D7 

D6 

D5 

D4 

D3 
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NC 

NC 

NC 

NC 

NC 

NC 
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A1/D1 

A2/D2 
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z= 


1 ^ 


■^24 


nz 


2 


23 


nz 


3 


22 


nz 


4 


21 


CZ 


5 


20 
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6 


19 


CZ 


7 


18 


CZ 


8 


17 


nz 


9 


16 


ZI 
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15 
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11 
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CZ 
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R65C00/21, 6801 



Muitipiexed Bus Interface 



R6500/11 and R6500/41 
Muitipiexed Bus Interface 



8085/8051 



Muitipiexed Bus Interface 



Figure 3. Five Possible Strapping Configurations 
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PACKAGE DIMENSIONS 

24-PIN CERDIP 



> 0.557 ±0.042 
C (14.15 ±1.07) 



l U uuuuuuuuuu 



. 1.250 ±0.025 . 



(32.00 ±0.34) 



0.160 ±0.02 
(4.60 ±0.50) 




a r 



0.04 ±0.02 0-1j; "OJf 

(1.01 ±0.50) (2.54 ±0.25) ^^^^ ^^^^^ 

(1.39 ±0.20) 



DIMENSIONS IN INCHES AND (MILLIMETERS) 



■-^ 



c 



0.125 MIN. 
(3.17) 



0.018 ±0.002 
(0.45 ±0.05) 



0.610 ±0.01 
(15.49 ±0.25) 



1^. 

0.660 ±0.04 ^1 
(16.76 ±1.01)"^ 



0.010 ±0.002 
■ (0.25 ±0.05) 
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1 Intel 27128 1 












Intel 2764 






















VPP - 
A12 - 


VPP - 
A12- 


VPP- 
A12- 


1 




otorola 6876 




1 




-VCC 
-PGM 
-A13 


■VCC 
- A14 
-A13 


^VPP- 
CS1- 


1 

2 

3 -1 




IVI 






"28 
27 
26 


— , , 




T.I. 2532 




"VCC 
-CS2 
-VCC 


rvv/o 
-PGM 
-N.C. 




A7- 


1 24 


-VCC 


- 










4 




A6- 


2 23 


-A8 




25 


















5 




A5- 


3 22 


-A9 




24 


















6 
7 




A4- 
A3- 


4 21 

5 20 


-VPP 


-All 
-GA/PP 


-A12 23 
EA/PP22 


-A12 


rA1l 
-G 


-All 
^G 


-A11 
-G 


-E/PGM 


-E/POM 










8 




A2- 


6 19 


-A10 


-A10 


-A10 21 


-A10 


^A10 


kAlO 


-A10 










9 




A1- 


7 18 


-All 


-E 


-A11 20 


-A11 


-E 


rE 


-E 










10 




AO- 


8 17 


-DQ7 




19 


















11 




DQO- 


9 16 


-DQ6 




18 


















12 




DQ1- 


10 15 


-DQ5 




17 


















13 




DQ2- 


11 14 


-DQ4 




16 












- 






14 




GND- 


12 13 


-DQ3 


- 


15 


- 








VPP = 21V VPP = 25V 


Rocl^well ROM Pinouts (VPP « Chip Select In ROMS) 


2732A 2732 2332A ^2532 R23128 ^27128 

2764 2532 R2332B — -^ 2732 R23C64A *• 68764 

27128* 2564 2364A ^68764 R23C64B — ^ 2764 

27256* 68764 R2364B —•-2764 R87C32 ^2732A 






NOTE: Pins Without Their Function Designated Are the Same as the Corresponding Pin on the 2532 
•12V for Intelligent Programming 
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INTELLIGENT DISPLAY CONTROLLERS 

Cut Costs 300/digit, Replace Up To 11 TTL Devices, 

Interface With Any Host juC 



Rockwell display controllers drastically cut the cost and 
complexity of designing vacuum fluorescent (VF) displays 
into systems, can actually save up to 30 cents per digit. 
One 10937 can replace up to eleven TTL devices and can 
interface with any host microcomputer. VF Display 
manufacturers Futaba, NEC, and Noritake have all specified 
these controllers. 

The 10937 is a single-chip alphanumeric display controller 
which directly drives 14 to 18 segment VF displays of up to 
16 characters. It includes brightness and refresh controls 
and logic, its own RAM buffer, PLA segment decoder, and 
output driver. 

The 10951 single-chip display controller is similar to the 
10937 except the PLA segment decoder has been 
reprogrammed to drive a bar graph display and numerics. 

If neither the 10937 nor the 10951 PLA segment codes 
satisfy the user's requirements, a custom code may be 
specified for the single-chip display controller. 

The 10938 segment decoder/driver and the 10939 digit 
controller/driver operate as a set to drive dot matrix 
displays. A single set controls 5x7 dot matrix displays of 
up to 20 characters or cascaded to control up to 



80 characters. Operating at 50V, the sets can drive VF 
displays and, with external drivers, LED, COD, gas 
discharge and Incandescent displays. 

The 10941 can team with the 10939 to drive 
alphanumeric 14-18 segment VF displays of 20 to 
40 characters and bar graphs. The 1 0942 and 10943 can 
team with the 10939 to drive 40 to 80 character 5 x 12 dot 
matrix displays. 

The Rockwell display controllers are finding wide 
application in printers, photo copiers, typewriters, FAX 
machines and In various automotive and white goods uses. 
If the user has special requirements, a custom code may be 
specified for the segment decoder/driver device which can 
be packaged in a 40, 28, or 24 pin DIP according to the 
device type selected. 

A new single-chip controller Is under development which 
will be similar to the 10937/10951 devices except the user 
will have some control over the number of display outputs 
allocated as strobes or segments, the PLA will be doubled 
in size to allow 128 characters and the PLA may be 
bypassed to allow direct control of segments. 



VACUUM FLUORESCENT CONTROLLER APPLICATIONS 



Display Type 


Single Chip 


Multi-Chip Display 
Controller 


Display 

Controller 

(See Part No.) 


Anode Driver 

Type 
(See Part No.) 


Grid Driver 
(10939) 


• 8 Char. 14-18 Seg. 

• 10 Char. 14-18 Seg. 

• 16 Char. 14-18 Seg. 

• 20 Char. 14-18 Seg. 

• 32 Char. 14-18 Seg. 

• 40 Char. 14-18 Seg. 


1 (10937) 
1 (10937) 
1 (10937) 


1 (10941)* 
1 (10941)* 
1 (10941)* 


1 
2 
2 


• 20 Char. 5x7 MTX 

• 32 Char. 5 X 7 MTX 

• 40 Char. 5 X 7 MTX 

• 40 Char. 5x12 MTX 

• 80 Char. 5x7 MTX 

• 80 Char. 5x 12 MTX 




1 (10938) 

1 (10938) 

1 (10938) 

1 EA (10942) 

(10943) 

1 (10938) 

1 EA (10942) 

(10943) 


1 
2 
2 
2 

4 
4 


• Nurneric + Bar Graph 


1 (10951) 







•Also Controls Bar Graph Displays 



5-2 



10937 




PRELIMINARY 



DESCRIPTION 

The 10937 Alphanumeric Display Controller, one of the Rock- 
well Intelligent Display Controller products, is a MOS/LSI 
general purpose display controller designed to interface to seg- 
mented displays (gas discharge, vacuum fluorescent, or LED). 

The 10937 will drive displays with up to 16 characters with 14 
or 16 segments plus a decimal point and comma tail. Segment 
decoding within the device provides for the ASCII character set 
(upper case only). No external drive circuitry is required for dis- 
plays that operate on 10 ma of drive current up to 40 volts. A 
16 X 64-bit segment decoder provides internal ASCII character 
set decoding for the display. 

ORDERING INFORMATION 



Part 


Package 


Drive 


Temperature 


Number 


Type 


Voltage 


Rdnge 


10937P-30 


Plastic 


30V 


0^Cto+70°C 


10937P-35 


Plastic 


35 V 


0°CXO+7QrC 


10937P-40 


Plastic 


40V 


0°Cto+70°C 


10937PE-30 


Plastic 


30V 


-40°Cto+85°C 


10937PE-35 


Plastic 


35V 


-40°Cto+85°C 


10937PE-40 


Plastic 


40V 


-40'^C to +85°C 



FEATURES 

• 1 6 character display driver with decimal point and comma tail 

• 1 4 or 1 6 segment drivers 

• Average data rate: 66 KHz 

• Single character burst rate: 500 KHz 

• TTL compatible 

• Direct digit drive of 10 ma for 30, 35, and 40 volt displays 

• Supports gas-discharge, vacuum fluorescent, or LED displays 

• 64 X 16-bit PLA provides segment decoding for ASCII char- 
acter set (all caps only) 

• Serial data input for 8-bit display and control data words. 

• 40-Pin DIP 




DATA . 
SCLK . 



POR 

vss 

VDD 























" 








SEGMENT 
DRIVERS 


- 


^ 
^ 


TIMING 

AND 

CONTROL 




DISPLAY 

DATA 
BUFFER 


— n 


SEGMENT 
DECODER 




*1 
















DECIMAL PT. 
COMMA TAIL 








■♦ 












' 


\ 


r 










DIGIT DRIVERS 










1 1 1 1 1 


M M 1 1 II 1 1 















► SGA 
' SGB 
' SGC 
►SGD 
"SGE 
••SGF 
• SGG 
•■ SGH 

► SGI 
r SGJ 

► SGK 
►►SGL 
*. SGM 
^SGN 
•» SGO 
•►SGP 
*• PNT 
,. TAIL 



5 So So S a S S e ^ 5! ? ? i2 i5 
< * ^ * <■ ^ ^ 



10937 Block Diagram 
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10937 



Alphanumeric Display Controller 



INTERFACE DESCRIPTION 



10937 Pin Functions 



Signal Name 


Pin No. 


Function 


vss 


1 


Power and signal ground 


AD16-AD1 


2-17 


Digits 16 through 1 driver outputs 


VDD 


18 


DC power connection 


A 


19 


A clock used only for device testing 


POR 


20 


Power-on reset Input 


DATA 


21 


Serial data input 


SCLK 


22 


Serial data clock input 


SGA-SGP 


23-38 


Segments A through P driver outputs 


TAIL 


39 


Comma tail driver output 


PNT 


40 


Decimal point driver output 



SPECIFICATIONS 

Maximum Ratings 





Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 


Vdd 


+0.3 




-20 


V 


Power Dissipation 


Pd 




40 


100 


mW 


Input Voltage 


V,N 


+0:3 




-20 


V 


Output Voltage 


VOUT 


+0.3 




-40 


V 


Operating Temperature 












Commercial 


Tc 







+70 


°C 


Industrial 


T| 


-40 




+85 


°C 


Storage Temperature 


TsTG 


-55 




+ 125 


°C 


Input Capacitance 


C|N 






5 


pf 


Output Capacitance 


CoUT 






^0 


pf 











VSS C 


1 


40 


3 PNT 


ADI6 c 


2 


39 


J TAIL 


AD15 C^ 


3 


■■■ ;-38':d' SlSiR.::''- /\ 


AD14 C 


4 


37 


3 SGO 


AD13 C 


5 


36 


3 SGN 


AD12 C 


6 


35 


:} SGM 


AD11 CJ? 


34 


2 SOL 


AD10 C 


8 


33 


D SGK 


AD9 C^ 9 


32 


J SGJ 


ADS C 


10 


31 


J SGI 


AD7 C 


11 


30 


J SGH 


AD6 ^ 


12 


29 


3 SGG 


ADS C 


13 


28 


:i SGF 


AD4 ^ 


14 


27 


3 SGE 


AD3 ^ 


15 


26 


J SGD 


AD2 C 


16 


25 


J SGC 


AD1 C 


17 


24 


3 SGB 


VDD C4 18 


23 


H SGA 


A C 


19 


22 


J SCLK 


POR C 


20 


21 


J DATA 


10937 Pin 


Configuration 



This device contains circuitry to protect the inputs against 
damage due to high static voltages, however, it is advised 
that normal precautions be taken to avoid application of any 
voltage higher than maximum rated to this circuit. 

All voltages are specified relative to Vss. 



D.C. Characteristics 



Parameter 


Limits (Vss = 


= 0) 


Limits (Vss = +5V) 


Conditions 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Supply Voltage (Vdd) 


-16.5 


-15.0 


-13.5 


-11.5 


-10.0 


-8.5 




V 


Input DATA, SCLK, 
















V 


Logic "1" 


-1.0 




+0.3 


+4.0 




+5.3 




V 


Logic "0" 


Vdd 




-4.2 


Vdd 




+0.8 






Input POR 


















Logic "1" 


-3.0 




+0.3 


+2.0 




+5.3 






Logic "0" 


Vdd 




-10.0 


Vdd 




+5.0 






Output Digit and 


















Segment Strobes 


















Driver On 


















Commercial 






-1.5 






+3.5 


1 At 10mA 


V 


Industrial 






-1.7 






+3.3 


V 


Driver Off 10937-30 






-30 






-25 


\ Actual value 


V 


Driver Off 10937-35 
Driver Off 10937-40 






-35 
-40 






-30 
-35 


I determined by 
J external circuit 


V 
V 


Output Leakage 






10 






10 


I Per driver at 
/ driver off 


M 


Input Leakage 






10 






10 


M 


NOTES: All outputs require Pulldown Resistors. 



A.C. Characteristics 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Internal Clock (1 Bit Time) 


'eye 










Commercial 




6.67 


10.0 


20.0 


fiS 


Industrial 




5.88 


10.0 


22.2 


flS 


Segment or Digit Strobe Output 


Tout 


200 






ns 


SCLK Clock 












On Time 


Ton 


1.0 




20.0 


fiS 


Off Time 


Toff 


1.0 






AiS 


Data Input Sample Time 












Before SCLK Clock Off 


Tboff 


200 






ns 


After SCLK Clock Off 


Taoff 


too 






ns 



10937 



Alphanumeric Display Controller 



SCLK and Serial Data Timing 

SCLK 



-1.0V 



^^ 



DATA INPUT 



V 



4.2V -^ 



P'^\ .-^ / ^^g-^ 



:>^ 



DATA must be stable during this time. 



SCLK and Serial Data (Controi Word) Examples 

MSB TIME 



SCLK 



DATA 



DATA 



DATA 



+5V 
OV 



JT-TLTLTU" 



LSB 



^ \A YA Y4 ^r^ YA YA Y/A 

^ 110 1 1 1 







v> 



'A VA VA ^A 



A} 



^ 



LOAD DUTY CYCLE = 11 



LOAD BUFFER POINTER = 11 



1 10 1 1 



/A K 



(A 



V/ 



(A 



^ "y// LOAD DIGIT COUNTER = 15 



1 1 1 11 



NOTE: Crosshatch = don't care 



Data Word LSB/MSB Timing 



\f 



-if- 







NEXT 
DATA WORD 


MSB 


Si- 




' V. 


J 



\ 



Power-On Reset Voltage Limits 
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FUNCTIONAL DESCRIPTION 

The 10937 is a general purpose display controller for multi- 
plexed, segmented displays with up to 16 character positions 
and 14 or 16 segments, plus decimal point and comma tail. No 
external drive circuitry is needed for displays requiring up to 10 
ma of drive current up to 40 volts. All timing signals required to 
control the display are generated in the 10937 device without 
any refresh input from the host processor. 

Input data is loaded into the Display Data Buffer via the Serial 
Data Input (Data) channel. Internal timing and control blocks 
synchronize the segment; and digit output signals to provide the 
proper timing for the multiplexing operation. A 16 x 64-bit PLA 
is provided for segment decoding for the full ASCII character set 
(upper case only). 

Input data is loaded into the 10937 ADC as a series of 8-bit 
words with the most significant bit (MSB), bit 7, first. If bit 7 of 
any word loaded is a logical 1 (this bit is referred to as the control 
bit C), the loaded word is a control data word. If the bit of any 
word is a logical 0, the loaded word is a display data word. The 
following paragraphs describe the format and functipns of these 
control and display data words. 

INPUT CONTROL DATA WORDS 

When the C-Bit (bit 7) of the 8-bit input word is a logical 1 , bits 
5 and 6 are decoded into one of four control commands while 
data associated with the command are extracted from bits 0-4 
(see Table 1). There are three control codes which perform the 
following display functions: 

• Load the Display Data Buffer pointer, 

• Load the Digit Counter, 

• Load the Duty Cycle register. 

A fourth control code is defined but is not intended as a user 
function (see note associated with Table 1). Table 1 lists the 
control codes and their functions. 



Load Digit Counter 

The LOAD DIGIT COUNTER code is normally used only during 
initialization routines to define the number of character positions 
to be controlled. This code maximizes the duty cycle for any 
display. If 16 characters are to be controlled, enter a value of 
(zero). Otherwise, enter the value desired. 

Load Duty Cycle 

The LOAD DUTY CYCLE code is used to turn the display on 
and off, to adjust display brightness, or to modify display timing 
for gas discharge displays. As shown in the block diagram, the 
time slot for each character is 32 clock cycles. The Segment 
and Digit Drivers for each chai-acter are on for a maximum of 
31 cycles with a 1 cycle inter-digit off-time- The LOAD DUTY 
CYCLE code contains a 5-blthumieric field which modifies the 
on-time for segment Driver Outputs from to 31 cycles. A duty 
cycle of puts both the segment and digit drivers into the off 
state. 

INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit ASCII format codes. The 
64 codes available (with the C-bit set to to indicate a display 
data word) are shown in Table 2 with their corresponding ASCII 
characters. 

Sixteen display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer is automatically 
incremented before each data word is stored in the Display 
Buffer except for decimal point and comma words. These do not 
cause the Buffer Pointer to increment and thus are always 
associated with the previous character entered. To select the 
next character position to be loaded out of the normal sequence, 
use the LOAD BUFFER POINTER command before entering 
the display data word. It is not necessary to use the LOAD 
BUFFER POINTER command to cycle back to position 1 when 
less than 16 character positions are being used (DIGIT 
COUNTER = 0). 



Load Buffer Pointer 

The LOAD BUFFER POINTER code allows the Display Data 
Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is loaded 
with a decimal equivalent value 2 less than the desired value 
(i.e., to point to character 6 of the display, a value of 4 is 
entered). 



Table 1 . Control Data Words 



8-Bit Control Word 


Function 


C-Bit (Bit 7) 


7-Bit Code (Bits 6-0) 


1 
1 
1 
1 


Z Z O O 

z z z z 


LOAD BUFFER POINTER (Position of character to be changed) 
LOAD DIGIT COUNTER (Number of characters to be output) 
LOAD DUTY CYCLE (On/off and brightness control) 
TEST MODE ONLY (Not a user function) 


Notes: 1. NNNN is a 4-bit binary value representing the 3. This code is a device test function only. If exe- 
digit number to be loaded cuted it will lock the device in the test mode 
2. NNNNN is a 5-bit binary value representing the which can be removed only by performing a 
number of clock cycles each digit is on. power-on reset. 
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1 DISPLAY CYCLE ^ 




AD, 0"^ 


31 BIT TIMES 


512 BIT TIMES ^ 

II 


AD2 


^ 1 BIT TIME 


1 1 




ADS 


1 1 


1 I 




AfM 


1 \ 


1 1 




1 




1 1 


1 1 




r 1 




1 "i. 






(—1 


AM 


r -r 




II 




, 1 1 ■ ■ 






1 1 






r— l^r . 






II- 






1 1 






II 


GND 


|— 


-4 31 BIT TIMES 

J 1 


II 1 1 f 1 






► 


I 

1^1 BIT TIME 

I 


NOTE: 

Timing shown is for 16 characters with a duty cycle of 31 

Figure 1. Display Scan Timing Diagram (Duty Cycle) 




Table 2. Character Assignments for Display Data Words 



DATA WORD 


CHARACTER 


DATA WORD 


CHARACTER 


DATA WORD 


CHARACTER 


DATA WORD 


CHARACTER 


0X000000 


@ 


0X010000 


p 


0X100000 




0X110000 





0X000001 


A 


0X010001 


Q 


0X100001 


! 


0X110001 


1 


oxooooto 


B 


0X010010 


R. ', 


0X100010 


" 


0X110010 


2 


0X000011 


c 


0X010011 


s 


0X100011 


# 


0X110011 


3 


0X000100 


D 


0X010100 


T 


0X100100 


$ 


0X110100 


4 


0X000101 


E 


0X010101 


U 


0X100101 


% 


0X110101 


5 


0X000110 


F' 


0X010110 


V 


0X100110 


& 


0X110110 


6 


0X000111 


G 


0X010111 


w 


0X100111 


' 


0X110111 


7 


0X001000 


H 


0X011000 


X 


0X101000 


( 


0X111000 


8 


0X001001 


1 


0X011001 


Y 


0X101001 


) 


0X111001 


9 


0X001010 


J 


0X011010 


Z 


0X101010 




0X111010 




0X001011 


K 


0X011011 


I 


0X101011 


+ 


0X111011 


J 


0X001100 


L 


0X011100 


/' , 


0X101100 




0X111100 


< 


0X001101 


M 


0X011101 


] 


0X101101 


— 


0X111101 


= 


0X001110 


N 


0X011110 


A 


0X101110 




0X111110 


> 


0X001111 





0X011111 




0X101111 


\ 


0X1 1 1 1 1 1 


? 
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POWER-ON RESET (POR) 

The Power-On Reset (POR) initializes tiie internal circuits of the 
10937 ADC when power (Vdd) is applied. The following condi- 
tions are established after a Power-On Reset: 

a. The Digit Drivers (AD1-AD16) are in the off state (floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 
(floating). This includes PNT and Tail. 

c. The cycle on-time for the LOAD DUTY CYCLE is set to 
cycles. 

d. The LOAD DIGIT COUNTER is set to 16 (a bit code value 
ofO). 

e. The LOAD BUFFER POINTER is set to 15 to allow the first 
character to be entered into position 1 . 



DIGIT DRIVERS (AD1-AD16) 

The sixteen Digit Drivers (AD1-AD16) are used to select each 
of the display digits sequentially during a refresh scan. Display 
segments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized simul- 
taneously. The timing characteristics of both the digits and seg- 
ments are shown in Figure 1 . See POR for the Power-On Reset 
state of these drivers. 



SEGMENT DRIVERS (SGA-SGP) 

Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 
the decimal point (PNT) and comma tail (TAIL). The segment 
outputs are internally decoded from the 8-bit characters in the 
Display Data Buffer by means of a 64 x 1 6-bit PLA. The Seg- 
ment Driver Allocations are shown in Figure 2. Data codes and 
their corresponding segment patterns are shown in Figure 3. 
Timing characteristics for the segment outputs are shown in 
Figure 1. See POR for the Power-On Reset state of these 
drivers. 

NOTE 

For 14-segment displays, SGA is used for the top seg- 
ment and SGF is used for the bottom segment. SGB and 
SGE can be floated. 

TYPICAL SYSTEM HOOK-UP 

Figure 4 shows the 10937 driven by a Host System as it would 
be connected to a V-F display. EK is determined by the V-F 
display specifications and RC is selected to provide proper 
biasing current for zeners. Pull down resistors RA and RG are 
determined by the interconnection capacitance between the 
10937 and the display. 





SGA SGB 




SGH 
SGG 


\^ SGI 

sgpV 

SGo\ 


SGJ /^ 

/ SGK 


SGC 

I TAIL 


SGN y^ 

y/^SGM 


SQL \. 


Fig 


SGF SGE 

ure 2. Segment Driver A 


llocatlons 
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'^'^^^^ MSD 


0X000 


0X001 


0X010 


0X011 


0X100 


0X101 


0X110 


0X111 


000 


1 1 
1 1 1 








\/ 
/\ 


SPACE 


/ 

\ 


"7 
/_ 




001 


— 




\ 


\/ 


\ ' 


\ 

/ 







010 


1 1 
1 1 1 




~\ 


"7 

/ 




\/ 
/\ 







Oil 




/ 
\ 


-^ — 


— 1 


— — ■ 








— 1 

/ 


100 








\ 
\ 





DECIMAL 
POINT 

+ 
TAIL 




/ 
/_ 


101 




\/ 






/_ 











110 




\ 
\ 


/ 

/ 


/\ 


\ ' 
_\ 


DECIMAL 
POINT 


— 


\ 

_\ 


111 


1 1 1 
1 1 




/\ 




/ 


/ 
/ 






NOTES: 1. Indicates characters that will not look the same as shown on a 14 segment display. 

2. The LSD corresponds to the three least significant bits (0-2) and the MSD corresponds to the next three bits 
(3-5) in Table 2. 

Figure 3. Display Segment Driver Character Patterns 
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+5 



10 1x1 - 



^ 



1" 



ADX SGX RESET 



TYPICAL 
GRID 
(DIGIT) 






DATA 




TYPICAL 

ANODE 

(SEGMENT) 




fn 




Figure 4. Typical System Schematic 
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SYSTEM 
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10938 AND 10939 
DOT MATRIX DISPLAY CONTROLLER 



DESCRIPTION 

The Rockwell 10938 and 10939 Dot Matrix Display Controller 
is a two-chip MOS/LSI general purpose display controller system 
designed to interface to dot matrix displays (gas discharge, 
vacuum-fluorescent or LED). 

The two-chip set will drive displays with up to 35 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of 80 characters or more with 
any number of segments. An internal PLA-type segment decoder 
provides character decoding and dot pattern generation for the 
full 96-character ASCII set. 

ORDERING INFORMATION 



Part 


Package 


Temperature 


Number 


Type 


Range 


10938P 


Plastic 


0°C to +70°C 


10938PE 


Plastic 


-40°C to +85'C 


10939P 


Plastic 


0°C to +70°C 


10939PE 


Plastic 


-40°C to +85°C 



FEATURES 

• 20-character display driver cascadable to 80 or more 
characters 

• Standard 5x7 character font. Custom fonts available by 
special order 

• Separate cursor driver output 

• Direct drive capability for vacuum-fluorescent displays 

• 96 X 35 PLA provides segment decoding for full 96-character 
ASCII set 

• Serial or parallel data input for 8-bit display and control 
characters 

• Brightness, refresh rate, and display mode controls 

• 40-pin DIP 




10938 




Block Diagram of 10938 and 10939 



Document No. 29000D96 
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Dot Matrix Display Controller 



INTERFACE DESCRIPTION 



10938 Pin Functions 



10939 Pin Functions 



Signal Name 


Pin No. 


Function 


Vss 


2 


Power and signal ground 


SG01-SG35 


3-25, 27-38 


Segment driver outputs 


SCLK-DIS 


39 


Serial data shift 


DATA-LOAD 


40 


Serial data output/latch control 


Vdo 


1 


DC Power 


Vgg 


26 


Pull down driver voltage 


"do 


C 


1 


40 


J DATA-LOAD 


Vss 


C 


2 


39 


J SCLK-DIS 


SG35 


c 


3 


38 


3 SG01 


SG34 


c: 


4 


37 


1 SG02 


SG33 


L 


5 


36 


J SG03 


SG32 


c 


6 


35 


3 SG04 


SG31 


c 


7 


34 


3 SG05 


SG30 


c: 


8 


33 


J SG06 


SG29 


c 


9 


32 


J SG07 


SG28 


c 


10 


31 


3 SG08 


SG27 


c 


11 


30 


3 SG09 


SG26 


i: 


12 


29 


3 SG10 


SG25 


c 


13 


28 


3 SG11 


SG24 


c 


14 


27 


3 SGI 2 


SG23 


c 


15 


26 


3 Vqg 


SG22 


q 


16 


25 


3 SGI 3 


SG21 


r 


17 


24 


3 SG14 


SG20 


c 


18 


23 


3 SGI 5 


SG19 


q 


19 


22 


3 SG16 


SG18 


c 


20 


21 


3 SGI 7 


1G 


938 Pin C 


onfi 


guration 



Signal Name! 


Pin No. 


Function 


Vss 


36 


Power and signal ground 


Voo 


37 


DC Power 


CLOCK 


38 


Synchronization Clock 


CURSOR 


14 


Cursor drive output 


MASTER 


39 


Master/Slave Mode control 


SIP 


3 


Sync Input 


SOP 


2 


Sync Output 


D0-D7 


6-13 


Serial or parallel data input 


LD 


5 


Input data strobe 


POR 


4 


Power-on reset 


SCLK-DIS 


1 


Serial data shift clock 


DATA-LOAD 


40 


Serial data output/latch control 


STR00-STR19 


15-34 


Anode Drive Outputs 


Vgg 


35 


Pull down driver voltage 



SPECIFICATIONS 











SCLK-DIS C 


1 


40 


3 DATA-LOAD 


SOP C 


2 


39 


3 MASTER 


SIP c 


3 


38 


3 CLOCK 


POR C 


4 


37 


:3 Voo 


LD C 


5 


36 


3 Vss 


DO C 


6 


35 


3 VoG 


D1 C 


7 


34 


3 STROO 


D2 C 


8 


33 


3 STR01 


D3 C 


9 


32 


3 STR02 


D4 C 


10 


31 


3 STR03 


D5 C 


11 


30 


3 STR04 


D6 C 


12 


29 


3 STR05 


D7 C 


13 


28 


3 STR06 


CURSOR C 


14 


27 


3 STR07 


STR19 □ 


15 


26 


3 STROO 


STR18 C 


16 


25 


3 STR09 


STR17 C 


17 


24 


3 STR10 


STR16 d 


18 


23 


3 STR11 


STR15 C 


19 


22 


3 STR12 


STR14 C 


20 


21 3 STR13 


10939 Pin 


Configuration 



Maximum Ratings 



Parameters 


Notes 


Symbol 


Min 


Typ 


Max 


Unit 


Operating Temperature 

Commercial 

Industrial 
Storage Temperature 


1 


Tc 
Ti 



-40 
-55 




+70 
+85 
+ 125 


°C 

°C 

°c 


Operating Voltage 


, ,1 :,: , 


VoD 


-22 


-20 


-18 


Volts 


Operating Display Voltage 


1 


Vgg 


-50 




-3G 


Volts 


Power Dissipation (total) 
'load = mA per driver 
•load = 2 mA per driver 


2 


PDO 
PDL 




40 
200 


100 
750 


mW 
mW 


Power Dissipation 


3 


PD 




200 


400 


mW 


NOTES: 1. Designates characteristics for both 10938 and 10939. 

2. Designates characteristics for 10938. 

3. Designates characteristics for 10939. 
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D.C. Characteristics 


Parameters 


Notes 


Symbol 


Min 


Typ 


Max 


Unit 


Input D0-D7, LD, SIP 
Logic "1" 
Logic "0" 


3 


V.H 


-1.2 
Vcc 




+0.3 
-4.2 


V 
V 


Input POR 
Logic "1" 
Logic "0" 


3 


ViHPO 
V.UPO 


-3.0 

VoD 




+0.3 
-10.0 


V 
V 


Output SOP 
Logic "1" 
Logic "0" 


„:3' '.<., 


VoHSV 
VoLSY 


-1.2 
Vdd 




+0.3 
-4.2 


V 
V 


Output Digits, Cursor, and Segments 
Logic "1" (lioad = 10 mA) 
Logic "0" (Lad = mA) 


.-■■'„ ^ • 


VoH 

Vol 


-1.5 

VoG 




.95 Vee 


V 
V 


NOTES: 1. Designates characteristics for both 10938 and 10939. 

2. Designates characteristics for 10938. 

3. Designates characteristics for 1 0939. 



A.C. Characteristics 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


CLOCK Cycle Time 


Tcyc 










Commercial 




6.66 




20.0 


fxS 


Industrial 




5.88 




22.2 


fxS 


Display Outputs 


Tstoff 






7.5* 


fxS 


(STR00-STR19 and CURSOR) 


Tston 






1.54- 


fiS 


SERIAL INTERFACE TIMING 












Serial Clock (D1) 












On Time 


• scon 


0.4 




20.0 


/LtS 


Off Time 


Tscoff 


0.4 






MS 


Cycle Time 


1 sccyc 


1.0 






fJiS 


Serial Data (DO) 












Set-up Time 


Tssetup 


400 






ns 


Hold Time 


Tshold 


400 






ns 


Serial Clock to LD Time 


Ts, 


600 


'■' ','■' 




ns 


LD to Serial Clock 


T,s 


400 






ns 


PARALLEL INTERFACE TIMING 












Parallel Data (D0-D7) 












Set-up Time 


' psetup 









ns 


Hold Time 


Tphold 


200 






ns 


Data Load (LD) 












On Time 


T.con 


250 






ns 


Off Time 


Tidoff 










Commercial 




40.0 






/xs 


Industrial 




44.5 






fxS 


Cycle Time 


Tidcyc 










Commercial 




60.0 






IMS 


Industrial 




66-7 






A^s 


* 40 pf. maximum load capacitance. 



B 
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SERIAL INTERFACE TIMING WAVEFORMS 



(SERIAL CLOCK) - 



sccys ^— — — 
»eon ^^1^ 'scoff ~ 



DO 
(DATA) M 



h*-Tsi 



r^Tis-^l 



Idon M^ 'Idoff- 



' SMtup I ■ (hold 




5-14 



10938 & 10939 



Dot Matrix Display Controller 



FUNCTIONAL DESCRIPTION 

Once the display buffer has been loaded from the host pro- 
cessor, the 10938/10939 system generates all timing signals 
required to control the display. 

Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing 
and control logic synchronize the digit output signals with the 
Serial Data and Load signals to the 10938 to provide the 
proper timing for the multiplexing operation. A 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCII set. 

Input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should 
be tied down to Vdd externally. Raising any one of these lines 
to the Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The fol- 
lowing paragraphs describe the format and functions of these 
control and display data words. 

CONTROL DATA WORDS 

Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01 le). Control words and their functions 
are defined in Table 1 . 

Table 1 . Control Word Assignments 



Load Buffer Pointer 

The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 



Hex Value 


Function 


GO 


Not used 


01 


Load 01 Into Data Buffer 


02 


Not used 


03 


Not used 


04 


Not used 


05 


Set digit time to 16 cycles per grid 


06 


Set digit time to 32 cycles per grid 


07 


Set digit time to 64 cycles per grid 


08 


Enable Normal Display Mode (MSB in data words 




is ignored) 


09 


Enable Blank Mode (data words with MSB = 1 




will be blanked) 


OA 


Enable Inverse Mode (data words with MSB = 1 




will be "inversed") 


OB 


Not used 


00 


Not used 


OD 


Not used 


OE 


Start Display Refresh Cycle (use only once after 




reset) 


OF 


Not used 


10-3F 


Not used 


40-7F 


Load Duty Cycle Register with lower 6 bits (0-63) 


80-9F 


Load Digit Counter (80=32, 81 = 1, 82=2, etc.) 


AO-BF 


Not used 


CO-DF 


Load Buffer Pointer Register with lower 5 bits 


EO-FF 


Not used 



Table 2. Load Buffer Pointer Codes 




Code 


Pointer 


Character 


Value 


Value 


Position 


CO 


00 





CI 


01 


1 


C2 


02 


2 


C3 


03 


3 


C4 


04 


4 


C5 


05 


5 


C6 


06 


6 


C7 


07 


7 


C8 


08 


8 


C9 


09 


9 


CA 


OA 


10 


CB 


OB 


11 


CC 


DC 


12 


CD 


00 


13 


CE 


OE 


14 


CF 


OF 


15 


DO 


10 


16 


D1 


11 


17 


02 


12 


18 


D3 


13 


19^ 




D4 


14 


20 




D5 


15 


21 




D6 


16 


22 




07 


17 


23 




08 


18 


24 


L NOT 


09 


19 


25 


USED 


OA 


1A 


26 




OB 


IB 


27 




DC 


1C 


28 




00 


10 


29 




OE 


IE 


30 




OF 


IF 


31 J 




NOTE: 00 NOT USE CHARACTER POSITIONS 20-31. 




Load Digit Counter 

The Load Digit Counter defines the number of character 
positions (grids) to be controlled. This code is normally used 
only during Initialization routines, but it may also be used in 
conjunction with the Load Duty Cycle control code to extend 
the range of brightness control (see Table 3). 

Load Duty Cycle 

The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. 
The time slot for ea^ch character is 1 6, 32, or 64 cycles as 
selected by the Load Digit Time codes (see Table 3). The 
segment and digit drivers for each character are on for a 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter-digit 
off-time. The lower 6 bits of the Load Duty Cycle code are 
loaded into the Duty Cycle Register. Resultant duty cycles 
are shown in Table 4. 
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Table 3. Load Digit Counter Codes 




Digit 


No. of Grids 


Code 


Counter Value 


Controlled 


80 


00 


32 


81 


01 


1 


82 


02 


2 


83 


03 


3 


84 


04 


4 


85 


05 


5 


86 


06 


6 


87 


07 


7 


88 


08 


8 


89 


09 


9 


8A 


OA 


10 


8B 


OB 


11 


8C 


00 


12 


8D 


OD 


13 


8E 


OE 


14 


8F 


OF 


15 


90 


10 


16 


91 


11 


17 


92 


12 


18 


93 


13 


19 


94 


14 


20 


95 


15 


21 


96 


16 


22 


97 


17 


23 


98 


18 


24 


99 


19 


25 


9A 


1A 


26 


9B 


IB 


27 


9C 


ic 


28 


9D 


ID 


29 


9E 


IE 


30 


9F 


IF 


31 



Table 4. Duty Cycle Control Codes 



Load Digit Time 

The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 
the three codes shown in Table 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 1 6 or 32 cycles per grid 
with the appropriate control code. 

Enable Display Mode 

Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If either 
Blank or Inverse mode is selected, however, a "0" in this bit 
selects Normal display mode, while a "1" selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank mode, enable inverse mode, or enable normal mode. 



Code 


Digit Time= 16 


Digit Time=^32 


Digit Time=64 


On 


Off 


On 


Off 


On 


Off 


40 


— 


16 


— 


32 


— 


64 


41 


— 


16 


— 


32 


_ 


64 


42 


— 


16 


— 


32 


— 


64 


43 


1 


15 


1 


31 


1 


63 


44 


2 


14 


2 


30 


2 


62 


45 


3 


13 


3 


29 


3 


61 


46 


4 


12 


4 


28 


4 


60 


47 


5 


11 


5 


27 


5 


59 


48 


6 


10 


6 


26 


6 


58 


49 


7 


9 


7 


25 


7 


57 


4A 


8 


8 


8 


24 


8 


56 


4B 


9 


7 


9 


23 


9 


55 


40 


10 


6 


10 


22 


10 


54 


4D 


11 


5 


11 


21 


11 


53 


4E 


12 


4 


12 


20 


12 


52 


4F 


13 


3 


13 


19 


13 


51 


50 


13 


3 


14 


18 


14 


50 


51 


13 


3 


15 


17 


15 


49 


52 


13 


3 


16 


16 


16 


48 








17 


15 


17 


47 


5B 


"■■« '• 


1, 


26 


7 


26 


39 


50 


" 


" 


26 


6 


26 


38 


5D 




" 


27 


5 


27 


37 


5E 




" : 


28 


4 


28 


36 


5F 


" 


" 


29 


3 


29 


35 


60 


" 


"■ 


29 


3 


30 


34 




" 


" 


29 


3 


31 


33 












32 


32 


70 


,', 


,', 


,', 


„ 


58 


6 


7D 


" 


" 


" 


" 


59 


5 


7E 


" 


" 


" 


" 


60 


4 


7F 


" 


" 


" 


" 


61 


3 



In the Blank mode, any character with the MSB="1" will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 

Start Refresh 

At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a 
Start Refresh control code. This is particularly useful for syn- 
chronizing systems using more than one 10939. Only the 
Master 10939 in a multi-chip system will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 
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INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit codes. The eighth 
(most significant) bit specifies normal (0) or blank/inverse (1) 
display mode, depending on the blank/inverse mode selec- 
tion (see Control data words 09 and OA in Table 1). Figure 
1 shows the ASCII codes for the segment patterns for a bar- 
graph display. 

Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. 
To select the next character position to be loaded out of 
sequence, use the Load Buffer Pointer command. The Buffer 
Pointer will automatically reset to character position when 
its value is equal to the Digit Counter programmed value. 

POWER-ON RESET 

The Power-On Reset (POR) initializes the internal circuits of 
the 10939. This is normally accomplished when power (Vdd) 
is applied. The following conditions are established by appli- 
cation of POR: 

a. The Grid Drivers (STR00-STR19) on the 10939 are in the 
off state. 

b. The Anode Drivers (SG01-SG35) on the 10938 are in the 
off state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer is set to 0. 

f. The Digit time is set to 64. 

g. The Normal display mode is set. 

h. DATA-LOAD is set to high impedance state. 

i. SCLK-DIS is set to Vql to disable the segment drivers in 

the 10938. 
j. SOP is set to Vol to disable the sync pulse. 

NOTES: 

1 . When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 

2. During the initial rise time of Vdd at power turn-on, the 
magnitude of Vqg should not exceed the magnitude of 

Voo. 

DIGIT DRIVERS (STR0O-STR19) PLUS CURSOR 

The 20 Digit Drivers select each of the display character 
positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 
simultaneously. The Cursor segment is generated by the 
10939, but its timing characteristics are identical to the 16 
segments generated by the 10938. 

SEGMENT DRIVERS (SG01-SG35) 

Sixteen Segment Drivers are provided in the 10938. The 
output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 
ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the ASCII patterns are 
shown in Figure 1 . Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. 



^ 


2 


3 


4 


5 


6 


7 









:':;':■■■ 


i' I '■■■■ 


'•. 


:•'. 


1 


1 


; 


.••":,;■■ 


:'': 


••'. 


* •: 


2 


• : 


.•* 


I \ 


:*"• 


:- -, 


» 


3 


: :• 


. : 


\ . 


': 




.*•• 


4 


'•••. 


:;.;. 


i : 


[ 


*...: 




5 


/'.. 
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.'". 


: 


€ 


', '.' 


... 


: '* 


: : 




; 


7 
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*.*.• 


8 


;" 


: ' * i 


:...l 
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:**•• 


*•. ■ 


9 


i 


I 


; '„:'■■■. 


'. .* 


": 


*:' 


A 
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V ",'■'■'"'"' 


*i 


.... 


B 
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:\ 


: '.^ ■ 
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C 




• 
• 


I "'■■'■■ 


"■■'•. 


.r. 


**:' 


D 






f f 


'r'"} 


I I ' 


.'.': 


E 


. 


:- 


: '-: 


■'"'••'; 


: ; 




F 


.* 


' * : 


'■ : \ 


•J.* 


'...' 





The four least significant bits of the seven bit ASCII code are 
shown in hex notation down the left side of the table. The 
three most significant bits are shown across the top of the 
table. 

Figure 1. Dot Matrix Patterns 
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^ 


1 


2 


3 


4 


5 


1 


SG01 


SGP2 


SG03 


SG04 


SG05 


2 


SG06 


SG07 


SG08 


SG09 


SG10 


3 


SG11 


SGI 2 


SGi3 


SG14 


SG15 


4 


SG16 


SGI 7 


SG18 


SG19 


SG20 


5 


SG21 


SG22 


SG23 


SG24 


SG25 


6 


SG26 


SG27 


SG28 


SG29 


SG30 


7 


SG31 


SG32 


SG33 


SG34 


SG35 



TYPICAL SYSTEM HOOKUPS 

Figure 3 shows a 10938 and a 10939 in a parallel interface 
with the host system driving a 20 character display. Figure 
4 shows a 10938 and a 10939 in a serial interface with the 
host system driving a 20 character display. Figure 5 shows 
a 10938 and two 10939's interfaced parallel with the host 
system driving a 40 character display. 



Figure 2. 5 x 7 Dot Matrix Assignments 
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*" 
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"^ 
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10939, 10942, & 10943 
DOT MATRIX DISPLAY CONTROLLER 



DESCRIPTION 

The Rockwell 10939, 10942, and 10943 Dot Matrix Display 
Controller is a three-chip MbS/ LSI general purpose display con- 
troller system designed to interface to dot matrix displays (gas 
discharge, vacuum-fluorescent or LED). 

The three-chip set will drive displays with up to 46 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of up to 80 characters with 
any number of segments. An internal PLA-type segment decoder 
provides character decoding and dot pattern generation for the 
full 96-character ASCII set 

ORDERING INFORMATION 



FEATURES 

• 20-character display driver cascadable to 80 characters 

• Standard 5 x 12 character font. Custom fonts available by 
special order 

• Separate cursor driver output 

• Direct drive capability for vacuum-fluorescent displays 

• Two 96 X 23 PLA's provide segment decoding for full 96- 
characfer ASCII set 

• Serial or parallel data input for 8-bit display and control 
characters 

• Brightness, refresh rate, and display mode controls 

• 10939 provided in 40-pin DIP 

• 10942 and 10943 provided in 28-pJn DIP 



Part 




Temperature 


Number 


Type 


Range 


10939P 


Plastic 


0°C to +70°C 


10939PE 


Plastic 


-40°C to +85°C 


10942P 


Plastic 


0°C to +70°C 


10942PE 


Plastic 


-40°C to +85°C 


10943P 


Plastic 


0°Cto +70°C 


10943PE 


Plastic 


-40°C to +85°C 
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INTERFACE DESCRIPTION 

10942 and 10943 Pin Functions 



10939 Pin Functions 



Signal Name 


Pin No. 


Function 


Vdd 
Vss 
SG01-SG23 

Vgg 

SCLK-DIS 

DATA-LOAD 


1 

2 

3-17 19-26 

18 

27 

28 


DC Power 

Power and signal ground 

Segment (Anode) driver outputs 

Pull down driver voltage 

Serial data shift 

Serial data output/latch control 



Signal Name 


Pin No. 


Function 


Vss 


36 


Power and signal ground 


Vdd 


37 


DC Power 


CLOCK 


38 


Synchronization Clock 


CURSOR 


14 


Cursor drive output 


MASTER 


39 


Master/Slave Mode control 


SIP 


3 


Sync Input 


SOP 


2 


Sync Output 


D0-D7 


6-13 


Serial or parallel data input 


LD 


5 


Input data strobe 


POR 


4 


Power-on reset 


SCLK-DIS 


1 


Serial data shift clock 


DATA-LOAD 


40 


Serial data output/latch control 


STR00-STR19 


15-34 


Anode Drive Outputs 


Vgg 


35 


Pull down driver voltage 



VddC 1 
VssC 2 
SG23 C 3 
SG22C 4 
SG21 G 5 
SG20C:: 6 
SG19C 7 
SG18E 8 
SG170 9 
SG16C 10 
SG15C 11 
SG14C 12 
SG13C 13 
SG12C 14 



27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 



^DATA-LOAD 

HSCLK-DfS 

ZISGOI 

bsG02 

DSG03 

3SG04 

I1SG05 

DSGOe 

JSG07 

:3SG0B 

3Vgg 

I1SG09 

DSGIO 

:dsgii 



10942 and 10943 
Pin Configurations 



SCLKDtS 








1 


C 


1 


40 3 DATA-LOAD | 


SOP 


c 


2 


39 


3 MASTER 


SIP 


c 


3 


38 U CLOCK 1 


POR 


c 


4 


37 


3 Vod 


LD 


c 


5 


36 


3 Vss 


DO 


c 


6 


35 


:3 Vqg 


D1 


d 


7 


34 3 STROO 1 


02 


q 


8 


33 


3 STR01 


D3 


d 


9 


32 


3 STR02 


D4 


c 


10 


31 


3 STR03 


D5 


c 


11 


30 


3 STR04 


06 


c 


12 


29 


3 STR05 


07 


d 


13 


28 D STR06 


CURSOR 


c 


14 


27 3 STR07 


STR19 


c 


15 


26 


3 STR08 


STR18 


c 


16 


25 


3 STR09 


STR17 


c 


17 


24 


3 STR10 


STR16 


c 


18 


23 


3 STR11 


STR15 


c 


19 


22 


3 STR12 


STR14 
10< 


i; 


20 


21 


J STR13 


93 


9 Pin 


Configur 


ations 




SPECIFICATIONS 

Maximum Ratings 



Parameters 


Symbol 


Min 


Typ 


Max 


Unit 


Operating Temperature 

Industrial 
Storage Temperature 


Ts 



-40 
-55 




+70 
+85 
+125 


°c 
°c 


Operating Voltage 


Vdd 


-22 


-20 


-18 


Volts 


Operating Display Voltage 


Vgg 


-50 




-30 


VoKs 
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D.C. Characteristics (Vdd = ~18 to -22 Vdc, Vss = Vdc, unless otherwise noted.) 



Parameter 


Symbol 


Min 


Typ 


Max 


Units 


10942 & 10943 












Output Segments 












Logic "1" (I LOAD = 2 mA) 


VoH 


-1.5 






V 


Logic "0" (I LOAD = OmA) 


Vol 


Vgg 




0,95Vgg 


V 


10939 












Input D0-D7, LD, SIP 












Logic "1" 


V,H 


-1.2 




+0.3 


V 


Logic "0" 


V,L 


Vdd 




-4.2 


V 


Input POR 












Logic "1" 


V.HPO 


-3.0 




+0.3 


V 


Logic "0" 


V.LPO 


Vdd 




-10.0 


V 


Output SOP 












Logic "1" 


Vqhsy 


-1.2 




+0.3 


V 


Logic "0" 


VoLSY 


Vdd 




-4.2 


V 


Output Digits, Cursor 












Logic "1"(l load = 10 mA) 


VoH 


-1.5 






V 


Logic "0"(l load = OmA) 


Vol 


Vgg 




0.96Vgg 


V 


NoterTA = 0°C to +70°C (commercial) 


or -40X to +85X (industrial 


, unless othenwise noted. 





Operating Currents 



Parameters 


Maximum 


Typical 


Units 


industrial 
TA = -40°C 
VoD = -22Vdc 


Commercial 

TA = 0°C 

Vdd = -22Vdc 


TA = 25X 
Vdd = -20Vdc 




10942 & 10943 

'dd 

Igg^^' 

Iss^^^ 
10939 (master) 

Idd 

Igg^'^ 

10939 (slave) 
Idd 
Igg^^' 
Iss^^' 


4.5 
11.2 
85.7 

13.6 

1.0 

84.6 

9.1 

1.0 

80.1 


3.6 

9.0 

82.6 

W.9 

0.8 

71.7 

7.3 

0.8 

78.1 


2.2 

5.6 

77.8 

.... ," ." ■■ ■■■■„: '' ' ^ 

6.0 

0.5 

76.5 

4.0 

0.5 

74.5 


mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 


Notes: 

1. The 10942 and 10943 each have 35 internal driver outputs, 23 of which are brought out. Iqg >s proportional to the nurnber of drivers 
on. The values given are for air35 drivers on. Divide Iqg shown by 35 to determine Iqg for 0"e driver. 

2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shoyyh are for two ' 
driverson with 100% duty cycle. , 

3- Iss = Idd +■ Igg + Idvr (Idvr = 35xIload) 

Example: For 10939 and 10943 (TA = -40°C and Vdd = -22V): 
Iss = 4.5 + 1 1 .2 + (35 X 2.0) = 85.7mA. 
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A.C. Characteristics 





Symbol 


Min 


Typ 


Max 


Unit 


CLOCK Cycle Time 


•eye 










Commercial 




6.66 




20.0 


/XS 


Industrial 




5.88 




22.2 


fJ,S 


Display Outputs 


Tstoff 






7.5* 


MS 


(STR00-STR19 and CURSOR) 


Tston 






1.54* 


/XS 


' Data Load (LD) 












On Time 


Tidon 


1.0 






IXS 


Off Time 


Tidoff 










Commercial 




40.0 






fxS 


Industrial 




44.5 






IMS 


Cycle Time 


Tldcyc 










Commercial 




60.0 






fJLS 


Industrial 




66.7 






fJLS 


SERIAL INTERFACE TIMING 












Serial Clock (D1) 












On Time 


Tscon 


1.0 




20.0 


ixs 


Off Time 


Tscoff 


1.0 






fJiS 


Cycle Time 


" sccyc 


2.0 






fJLS 


Serial Data (DO) 












Set-up Time 


' ssetup 


400 






ns 


Hold Time 


Tshold 


400 






ns 


Serial Clock to LD Time 


Tsi 


1.0 






fJLS 


LD to Serial Clock 


T.S 


1.0 






IJiS 


PARALLEL INTERFACE TIMING 












Parallel Data (D0-D7) 












Set-up Time 


Tpsetup 









ns 


Hold Time 


Tphold 


200 






ns 


* 40 pf. maximum load capacitance. 1 



SERIAL INTERFACE TIMING WAVEFORMS 



D1 

(SERIAL CLOCK) . 



.4h~-Tacon-^4«— ' acoff — » 



j l*T.H 



r~___ 



LD 




PARALLEL INTERFACE TIMING WAVEFORMS 



^i- • Won -• 



* Mdoff 



LD 



D0-D7 
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FUNCTIONAL DESCRIPTION 

Once the display buffer has been loaded from the host pro- 
cessor, the 10939, 10942, and 10943 system generates all 
timing signals required to control the display. 

Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing and 
control logic synchronize the digit output signals with the Serial 
Data and Load signals to the 10942/10943 to provide the proper 
timing for the multiplexing operation. Two 92 x 23 bit PLA's, 
one in the 1 0942 and the other in the 1 0943, decode the full 96- 
character ASCII set! 

Input data is loaded into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should be 
tied down to Vdd externally. Raising any one of these lines to 
the Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The following 
paragraphs describe the format and functions of these control 
and display data words. 

CONTROL DATA WORDS 

Control data words are distinguished from Display Data words 
by the fact that they rriust be preceded by a Control Prefix word 
(0000 0001 or 01 16). Control words and their functions are 
defined In Table 1 . 

Table 1. Control Word Assignments 



Load Buffer Pointer 

The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 



Hex Value 


Function 


GO 


Not used 


01 


Load 01 into Data Buffer 


02 


Not used 


03 


Not used 


04 


Not used 


05 


Load Digit Time to 16 cycles per grid 


06 


Load Digit Time to 32 cycles per grid 


07 


Load Digit Time to 64 cycles per grid 


08 


Enable Normal Display Mode (MSB In data words is 




ignored) 


09 


Enable Blank Mode (data words with MSB = 1 wilt 




be blanked) 


OA 


Enable Inverse Mode (data words with MSB = 1 will 




be "in versed") 


OB 


Not used 


OC 


Not used 


OD 


Not used 


OE 


Start Display Refresh Cycle (use only once after 




reset) 


OF 


Not used 


10-3F 


Not used 


40-7F 


Load Duty Cycle Register 


80-9F 


Load Digit Counter (80=32, 81=1, 82=2, etc.) 


AO-BF 


Not used 


CO-DF 


Load Buffer Pointer Register with lower 5 bits 


EO-FF 


Not used 



Table 2. 


Load Buffer Pointer Codes 




Code 


Pointer 


Character 


Vaiue 


Value 


Position 


CO 


00 





CI 


01 


1 


C2 


02 


2 


C3 


03 


3 


C4 


04 


4 


C5 


05 


5 


C6 


06 


6 


C7 


07 


7 


C8 


08 


8 


C9 


09 


9 


CA 


OA 


10 


CB 


OB 


11 


CC 


OC 


12 


CD 


OD 


13 


CE 


OE 


14 


CF 


OF 


15 


DO 


10 


16 


D1 


11 


17 


D2 


12 


18 


03 


13 


19 


D4 


14 


20•^ 




05 


15 


21 




06 


16 


22 




07 


17 


23 




08 


18 


24 




09 


19 


25 , NOT 


DA 


1A 


26 


USED 


OB 


IB 


27 




OC 


1C 


*28 




00 


10 


29 




OE 


IE 


30 




OF 


IF 


31 J 




Note: Oo not use character positions 20-31 . 



Load Digit Counter 

The Load Digit Counter defines the number of character posi- 
tions (grids) to be controlled. This code is normally used only 
during initialization routines, but it may also be used in con- 
junction with the Load Duty Cycle control code to extend the 
range of brightness control (see Table 3). 

Load Duty Cycle 

The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. The 
time slot for each character is 16, 32, or 64 cycles as selected 
by the Load Digit Time codes (see Table 1). The segment and 
digit drivers for each character are on for a maximum of 13, 29, 
or 61 cycles with a 3.0 cycle inter-digit off-time. The lower 6 bits 
of the Load Duty Cycle code are loaded into the Duty Cycle 
Register. Resultant duty cycles are shown in Table 4. 
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Table 3. Load Digit Counter Codes 



Code 



80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
8A 
8B 
8C 
8D 
8E 
8F 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
9A 
9B 
9C 
9D 
9E 
9F 



Digit 
Counter Value 



00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
OD 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
10 
ID 
IE 
IF 



No. of Grids 
Controlled 



32 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 • 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



Load Digit Time 

The Load Digit Time codes set the total time for each character 
during the refresh cycle. Three values can be set using the three 
codes shown in Table 1. The default value set at power-on is 
64 cycles per grid. For displays with 40 or more characters, or 
under conditions where the display can be subjected to quick 
movements during viewing (e.g. portable or vehicle-mounted 
applications), it may be necessary to increase the refresh rate 
by selecting 16 or 32 cycles per grid with the appropriate control 
code. 

Enable Display Mode 

Each ASCII character is represented by the lower seven bits of 
the 8-bit value loaded into the 10939. The eighth (most signifi- 
cant) bit is used to turn the cursor on in Normal display mode, 
If either Blank or Inverse mode is selected, however, a "0" In 
this bit selects Normal display mode, while a "1" selects either 
Blank or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable blank 
mode, enable inverse mode, or enable normal mode. 





Table 4. Duty Cycle Control Codes 




Code 


DigitTime=!l6 


Digit Time-32 


Digit Time=64 


On 


Off 


On 


Off 


On 


Off 


40 





16 




32 


-_ 


64 


41 


,— 


16 




32 


— 


64 


42 


__ 


16 


— 


32 


— 


64 


43 


1 


15 


1 


31 


1 


63 


44 


2 


14 


2 


30 


2 


62 


45 


3 


13 


3 


29 


3 


61 


46 


4 


12 


4 


28 


4 


60 


47 


5 


11 


5 


27 


5 


59 


48 


6 


10 


6 


26 


6 


58 


49 


7 


9 


7 


25 


7 


57 


4A 


8 


8 


8 


24 


8 


56 


48 


9 


7 


9 


23 


9 


55 


4C 


10 


6 


10 


22 


10 


54 


4D 


11 


5 


11 


21 


11 


53 


4E 


12 


4 


12 


20 


12 


52 


4F 


13 


3 


13 


19 


13 


51 


50 


13 


3 


14 


18 


14 


50 


51 


13 


3 


15 


17 


15 


49 


52 


13 


3 


16 


16 


16 


48 








17 


15 


17 


47 


58 


* 


,", 


25 


7 


25 


39 


50 


" 


" 


26 


6 


26 


38 


5D 


" 


" 


27 


5 


27 


37 


5E 


" 


" 


28 


4 


28 


36 


5F 


" 


" 


29 


3 


29 


35 


60 


" 


" 


29 


3 


30 


34 




" 


" 


29 


3 


31 


33 










n 


32 


32 


70 


'„ 


'„ 


,', 


'„ 


58 


6 


7D 


" 


" 


" 


" 


59 


5 


7E 


" 


" 


" 


" 


60 


4 


7F 


" 


" 


" 


" 


61 


3 




In the Blank mode, any character with the MSB="1" will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked by 
simply changing the mode without changing the data in the Dis- 
play Buffer. 

Start Refresh 

At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchro- 
nizing systems using more than one 10939. Only the Master 
10939 is a multi-chip system will recognize the Start Refresh 
code. The Master starts the Slave (s) at the appropriate time, 
using the SYNCO signal. 
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INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit codes. The eightli (most 
significant) bit (bit 7) is a dual purpose bit. This bit specifies 
normal (0) or blank/inverse (1 ) display mode, depending on the 
blank/inverse mode selection (see control data words 09 and 
OA in Table 1). Bit 7 also controls the cursor output from the 
1 0939; on (1 ) or off (0). Note, however, that this bit always con- 
trols the cursor no matter what display mode is selected. 

Twenty display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select the 
next character position to be loaded out of sequence, use the 
Load Buffer Pointer command. The Buffer Pointer will auto- 
matically reset to character position when its value is equal 
to the Digit Counter programmed value. 

DIGIT DRIVERS (STR00-STR19) PLUS CURSOR 

The 20 Digit Drivers select each of the display character posi- 
tions sequentially during a refresh scan. Display segments will 
be illuminated when both the Digit Drivers and Segment Drivers 
for a particular character are energized simultaneously. The 
Cursor segment is generated by the 10939, but its timing char- 
acteristics are identical to the 46 segriient outputs generated by 
the 10942 and the 10943. 



POWER-ON RESET 

The Power-On Reset (POR) initializes the internal circuits of the 
10939. This Is normally accomplished when power (Vdd) is 
applied. The following conditions are established by application 
of POR: 

a. The Grid Drivers (STR00-STR19) on the 10939 are in the off 
state. 

b. The Anode Drivers, SG01-SG23 on the 10942 and SG01- 
SG23 on the 10943, are in the off state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer is set to 0. 

f . The Digit time is set to 64. 

g. The Normal display mode is set. 

h. DATA-LOAD is set to high impedance state. 

r. SCLK-DIS is set to Vql to disable the segment drivers in the 

10942 and 10943. 
j. SOP is set to Vol to disable the sync pulse. 

NOTES: 

1. When the POR signal is removed, SCLK-DIS is set to the 
high impedance state. 

2. During the initial rise time of Vdd at power turn-on, the mag- 
nitude of Vqg should not exceed the magnitude of Vdq. 



SEGMENT DRIVERS (SQ01-SG23) 

46 Segment Drivers are provided by the 10942 and the 10943. 
The output states for each ASCII character pattern are Internally 
decoded from the 8-bit characters received from the 1 0939 by 
means of two 96 x 23-bit PLA's, one in the 10942 and the other 
in the 10943. Data codes and the corresponding ASCII patterns 
are shown in Figure 1. 



SEGMENTS 

DRIVEN BY 

10942 



SEGMENTS 

DRIVEN BY 

10943 





^5w--^£2!i 


1 


2 


3 


4 


5 


1 


SG01 


SG02 


SG03 


SG04 


SG05 




2 


SG06 


SG07 


SG08 


SG09 


SG10 




3 


SG11 


SGI 2 


SGI 3 


SGI 4 


SG15 


► 


4 
5 


SG16 
SG21 


SG17 
SG22 


SG18 
SG23 


SGI 9 


SG20 


SG01 
SG06 


SG02 
SG07 


6 


SG03 


SG04 


SG05 




1 


SG08 


SG09 


SG10 


SG11 


SG12 




a 


SGI 3 


X 


X 


SG14 


SG15 




9 


SG16 


X 


X 


SG17 


SG18 




10 


SGI 9 


SG20 


SG21 


SG22 


SG23 




11 


X 


X 


X 


X 


X 




12 


TIE THESE FIVE TOGETHER 


(1) 






Note: 










1. DRIVEN BY ( 


CURSOR LINE OF 10939. 







Figure 2. 5x12 Dot Matrix Assignments 
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B^ 



X010 



X011 



XI 00 



X101 



X110 



X111 



0000 



i 




i 



0001 



i 



■ 



I 






0010 



i 






m 



i 



i 



I 



0011 



i 




i 




il 




0100 




■ 




■ 



i 



■ 



0101 






I 



i 



■ 



0110 



i 




I 



!iji! 



I 



1 



0111 



w 




I 




i 



Figure 1. Dot Matrix Patterns 
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X010 



X011 



XI 00 



X101 



X110 



X111 



1000 



I nm I 




■ 



m 



I 



1001 



™ 




I 



I 



■ 




1010 



i 




■■ 



I 



n 



1011 



■ 





■ 




1100 



1 



■ 



■ 



■ 



■ 



1101 



■ 



■ 



■ 




1110 



I 



■ 



I 



1111 



11 



■ 



n 



i 



■ 



Figure 1. Dot Matrix Patterns (Cont.) 
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TYPICAL SYSTEM HOOKUPS 

Figure 3 shows a 10939, 10942, and a 10943 in a parallel inter- 
face with the host system driving a 20-character display. Figure 
4 shows a 10939, 10942, and a 10943 in a serial Interface with 
the host system driving a 20-character display. Figure 5 shows 
two 10939's, a 10942, and a 10943 interfaced parallel with the 
host system driving a 40-character display. 



20-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY 



A a 



VoD 

Vss 



SOP 

SIP 

MASTER 

CLOCK 



LP D0-D7 POR 



En 



— -15V{Vdd) 
. N.C. 



-7^ 



• FILAMENT 1 
- FILAMENT 2 



HOST SYSTEM 



Figure 3. Typical Display System with Parallel Interface to Host System 



B 
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20-CHARACTER 5 x 12 VACUUM FLUORESCENT DISPLAY 



-7^ 



-16V (Voo) - 



vqg "ss 



SOP 
,SIP 
MASTER 
CLOCK 



^ 



LD DO D1 


FOR 


i 


{■ ' i 


i i 


i a 


LATCH SERIAL DATA 
CLOCK 

HOST SYSTEM 



-15V (Vdd) 
- N.C. 



a ii 



- FILAMENT 1 

- FILAMENT 2 



Figure 4. Typical Display System with Serial Interface to Host System 
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40-CHARACTER 5 y 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY 


■< FILAMENT 1 

.< — RLAMENT 2 






r* 






_ 


^ i 


k 








>rSG01.SG23 








'^G01-SG23 






1 






r 

10942 ^^° 


-15V 


Vdd 

Vss 

Vqg 

10943 




+5V 


-45V 


DATA-LOAD 


; 


SCLK-DIS _ 








































1 . 




1 








SCLK-DIS DATA-LOAD 

SOP 

SIP 

MASTER 
10939 (MASTER) 

CURSOR 

STR00-STR19 
POR D0-D7 LD 




SIP 
SOP 

CURSOR 

STR00-STR19 
LD D0-D7 POR 








-tSV (Vdo) +5V (Vss) 






^ 










/ 


k J 


i 


i 




CURSOR 


/ 


l" i 


i i i 










/ STR00-STR19 












/ 
















] 






1 








T 






1 




HOST SYSTEM 












Figure 5. 


Typical 


DIspli 


ly System with Parallel Interface to He 


)St 


and T\ 


vol 


0939 


Devic 


:es 
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DESCRIPTION 

The Rockwell 10939 and 10941 Alphanumeric and Bargraph 
Display Controller is a two-chip MOS/LSl general purpose dis- 
play controller system designed to interface with bargraph and 
segmented displays (gas discharge, vacuum-fluorescent or LED). 

The two-chip set will drive up to 20 segments and up to 20 grids 
(characters) plus a cursor. The chips can be cascaded to drive 
larger displays of 80 characters or more. Segment decoding for 
ASCII characters or the bargraph patterns is accomplished 
through an internal PLA. 

ORDERING INFORMATION 



Part 


Package 


Temperature 


Number 


Type 


Range 


10941P 


Plastic 


0°C to +70°C 


1 0941 PE 


Plastic 


-40°C to +85°C 


10939P 


Plastic 


0°Cto+70°C 


10939PE 


Plastic 


-40°C to +85°C 



FEATURES 

• 20-character display driver cascadable to 80 or more 
characters 

• Direct drive capability for vacuum-fluorescent displays 

• 96 X 16 PLA provides segment decoding for ASCII charac- 
ters (all caps only) and bargraph patterns 

• Serial or parallel data input for 8-bit display and control 
characters 

• Brightness, refresh rate, and display mode controls 

• Separate cursor driver output 

• 10939 comes in 40-pin DIP 

• 10941 comes in 24-pin DIP 



20-CHARACTER 16-SEGMENT ALPHANUMERIC OR BARGRAPH DISPLAY 



r[ 



t ' SG01-SG16 



SEGMENT DRIVERS AND LATCHES 



INVERSION 
LOGIC 



< 16 PLA I 



LEVEL 
DET 



B-BIT SHIFT 
REGISTER 



STR0O-STR19 

10939 



GRID DRIVERS 



CONTROL 
LOGIC 



20 y 8 
RAM 



Block Diagram of 10941 and 10939 



Document No. 29000D97 
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INTERFACE DESCRIPTION 





10941 Pin Functions 


Signal Name 


Pin No. 


Function 


Vss 

SG01-SG16 

SCLK-DIS 

DATA-LOAD 

Voo 

Vgg 


2 

6-15, 17-22 

23 

24 

1 

16 


Power and signal ground 

Segment driver outputs 

Serial data shift 

Serial data output/latch control 

DC Power 

Pull down driver voltage 









VoD C 


1 24 


P DATA-LOAD 


Vss C 


2 23 


3 SCLK-DiS 


NOT USED L 


3 22 


J SG01 


NOT USED E 


4 21 


J SG02 


NOT USED C 


5 20 


3 SG03 


SGI 6 d 


6 19 


3 SG04 


SG15 C 


7 18 


3 SG05 


SG14 C 


8 17 


3 SG06 


SG13 C 


9 16 


I] Vgg 


SG12 C 


10 15 


3 SG07 


SG11 C 


11 14 


3 SG08 


SG10 C 


12 13 


1 SG09 


1094 


11 Pin Configu 


ration 





10939 Pin Functions 


Signal Name 


Pin No. 


Function 


Vss 


36 


Power and signal ground 


Voo 


37 


DC Power 


CLOCK 


38 


Synchronization Clock 


CURSOR 


14 


Cursor drive output 


MASTER 


39 


Master/Slave Mode control 


SIP 


3 


Sync Input 


SOP 


2 


Sync Output 


D0-D7 


6-13 


Serial or parallel data input 


LD 


5 


Input data strobe 


POR 


4 


Power-on reset. 


SCLK-DIS 


1 


Serial data shift clock 


DATA-LOAD 


40 


Serial data output/latch control 


STRbO-STR19 


15-34 


Anode Drive Outputs 


Vgg 


35 


Pull down driver voltage 



SPECIFICATIONS 



Maximum Ratings 









SCLK-DIS C 


1 40 


H DATA-LOAD 


SOP d 


2 39 


3 MASTER 


SIP C 


3 38 


3 CLOCK 


POR q 


4 37 


3 Vdd 


LD d 


5 36 


3 Vss 


DO C 


6 35 


3 Vgg 


D1 d 


7 34 


D STROO 


D2 C 


8 33 


3 STR01 


D3 C 


9 32 


3 STR02 


D4 C 


10 31 


3 STR03 


D5 C 


11 30 


D STR04 


D6 C 


12 29 


3 STR05 


D7 C 


13 28 


3 STR06 


CURSOR C 


14 27 


3 STR07 


STR19 C 


15 26 


3 STR08 


STR18 C 


16 25 


d STR09 


STR17 C 


17 24 


J STR10 


STR16 C 


18 23 


3 STR11 


STR15 C 


19 22 


3 STR12 


STR14 C 


20 21 


P STR13 


1093 


9 Pin Configur 


ation 



E 



Parameters 


Notes 


Symbol 


Min 


Typ 


Max 


Unit 


Operating Temperature 

Commercial 

Industrial 
Storage Temperature 


1 


Tc 
Ti 



-40 
-55 




+ 70 
+85 ■ 
+ 125 


°c 

°C 

OQ 


Operating Voltage 


1 


Voo 


-22 


-20 


-18 


Volts 


Operating Display Voltage 


1 


Vgg 


-50 




-30 


Volts 


Power Dissipation (total) 
'load = mA per driver 
lioad = 2 mA per driver 


2 


PDO 
PDL 




40 
200 


100 
750 


mW 
mW 


Power Dissipation 


3 


PD 




200 


400 


mW 


NOTES: 1. Designates characteristics for both 10941 and 10939. 

2. Designates characteristics for 10941 . 

3. Designates characteristics for 10939. 
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D.C. Characteristics 



Parameter 


Notes 


Symbol 


Min 


Typ 


Max 


Unit 


Input D0-D7, LD, SIP 
Logic "1" 
Logic "Cy 


3 




-1.2 
Vdd 




+0.3 
-4.2 


V 
V 


Input POR 
Logic/'1" 
Logic "a' 


3 


V.HPO 

V,LPO 


-3.0 

VoD 




+0.3 
-10.0 


V 
V 


Output SOP 
Logic "1" 
Logic "a; 


3 


VoHSV 
VoLSY 


-1.2 

VoD 




+0.3 
-4.2 


V 
V 


Output Digits, Cursor, and Segments 
Logic "1" (Load = 10 mA) 
Logic "0" (lioad = OmA) 


1 


VoH 

Vol 


-1.5 
Vgg 




.95 Vgo 


V 
V 


NOTES: 1. Designates characteristics for both 10941 and 10939. 

2. Designates characteristics for 10941. 

3. Designates characteristics for 1 0939. 



A.C. Characteristics 



Parameter 




Min 


Typ 


Max 


Unit 


CLOCK Cycle Time 


T„, 










Commercial 




6.66 




20.0 


fMS 


Industrial 




5.88 




22.2 


IXS 


Display Outputs 


Tstoff 






7.5* 


AiS 


(STR00-STR19 and CURSOR) 


Tst.n 






1.54* 


/xs 


SERIAL INTERFACE TIMING 












Serial Clock (D1) 












On Time 


Tscon 


0.4 




20.0 


/as 


Off Time 


T„.- 


0.4 






/xS 


Cycle Time 


' sccyc 


1.0 






fJLS 


Serial Data (DO) 












Set-up Time 


' ssetup 


400 






ns 


Hold Time 


Tshold 


400 






ns 


Serial Clock to LD Time 


Tsi 


600 






ns 


LD to Serial Clock 


T,s 


400 






ns 


PARALLEL INTERFACE TIMING 












Parallel Data (D0-D7) 












Set-up Time 


' psetup 









ns 


Hold Time 


Tphoid 


200 






ns 


Data Load (LD) 












On Time 


Tidon 


250 






ns 


Off Time 


Tidoff 










Commercial 




40.0 






^s 


Industrial 




44.5 






fiS 


Cycle Time 


Tidcyc 










Commercial 




60.0 






MS 


Industrial 




66.7 






MS 


*40pf. maximum load capacitance. 
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SERIAL INTERFACE TIMING WAVEFORMS 

k*— T,. 



D1 

(SERIAL CLOCK) - 



■ sccys —— — — — 
-Tscon »j* Tgcoff . 



DO 

(DATA) ^ 



H-Tis-^ 



-I- 



' ssetup I Tjhpij, 




PARALLEL INTERFACE TIMING WAVEFORMS 



' I 'psetup ^ '- — — — 

I Tphoid I 
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FUNCTIONAL DESCRIPTION 

Once the display buffer has been loaded from the host pro- 
cessor, the 10941/10939 system generates all timing signals 
required to control the display. 

Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing 
and control logic synchronize the digit output signals with the 
Serial Data and Load signals to the 10941 to provide the 
proper timing for the multiplexing operation. A 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCII set. 

Input data is loaded Into the 10939 as a series of 8-bit words. 
If the Serial Mode is selected, Input Data lines D2-D7 should 
be tied down to Vqd externally. Raising any one of these lines 
to the Vss level automatically shifts the 1 0939 into the Parallel 
Mode. Input data may be Control or Display data. The fol- 
lowing paragraphs describe the format and functions of these 
control and display data words. 

CONTROL DATA WORDS 

Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01 is). Control words and their functions 
are defined in Table 1 . 

Table 1. Control Word Assignments 



Hex Value 


Function 


00 


Not used 


01 


Load 01 into Data Buffer 


02 


Not used 


03 


Not used 


04 


Not used 


05 


Set digit time to 18 cycles per grid 


06 


Set digit time to 32 cycles per grid 


07 


Set digit time to 64 cycles per grid 


08 


Enable Normal Display Mode (MSB in data words 




is ignored) 


09 


Enable Blank Mode (data words with MSB = 1 




will be blanked) 


OA 


Enable Inverse Mode (data words with MSB = 1 




will be "inversed") 


OB 


Not used 


OC 


Not used 


OD 


Not used 


OE 


Start Display Refresh Cycle (use only once after 




reset) 


OF 


Not used 


10-3F 


Not used 


40-7F 


Load Duty Cycle Register with lower 6 bits (0^63) 


80-9F 


Load Digit Counter (80=32, 81 =1 . 82=2, etc.) 


AO-BF 


Not used 


CO-DF 


Load Buffer Pointer Register with lower 5 bits 


EO-FF 


Not used 



Load Buffer Pointer 

The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 

Table 2. Load Buffer Pointer Codes 



Code 


Pointer 


Cliaracter 


Value 


Value 


Position 


CO 


00 





C1 


01 


1 


C2 


02 


2 


C3 


03 


3 


C4 


04 


4 


C5 


05 


5 


C6 


06 


6 


C7 


07 


7 


C8 


08 


8 


C9 


09 


9 


CA 


OA 


10 


CB 


OB 


11 


CC 


OC 


12 


CD 


OD 


13 


CE 


OE 


14 


CF 


OF 


15 


DO 


10 


16 


D1 


11 


17 


D2 


12 


18 


D3 


13 


19^ 




D4 


14 


20 




D5 


15 


21 




D6 


16 


22 




D7 


17 


23 




D8 
D9 
DA 


18 
19 
1A 


24 
25 
26 


^ NOT 

'used 


DB 


IB 


27 




DC 


1C 


28 




DD 


ID 


29 




DE 


IE 


30 




DF 


IF 


31 J 


NOTE: DO NOT USE CHARACTER POSITIONS 20-31. 



Load Digit Counter 

The Load Digit Counter defines the number of character 
positions (grids) to be controlled. This code is normally used 
only during initialization routines, but it may also be used in 
conjunction with the Load Duty Cycle control code to extend 
the range of brightness control (see Table 3). 

Load duty Cycle 

The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. 
The time slot for each character is 16, 32, or 64 cycles as 
selected by the Load Digit Time codes (see Table 3). The 
segment and digit drivers for each character are on for a 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter-digit 
off-time. The lower 6 bits of the Load Duty Cycle code are 
loaded Into the Duty Cycle Register. Resultant duty cycles 
are shown in Table 4. 
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table 3. Load Digit Counter Codes 



Table 4. Duty Cycle Control Codes 





Digit 


No. of Grids 


Code 


Counter Value 


Controlled 


80 


00 


32 


81 


01 


1 


82 


02 


2 


83 


03 


3 


84 


04 


4 


85 


05 


5 


86 


06 


6 


87 


07 


7 


88 


08 


8 


89 


09 


9 


8A 


OA 


10 


8B 


OB 


11 


80 


00 


12 


8D 


OD 


13 


8E 


OE 


14 


8F 


OF 


15 


90 


10 


16 


91 


11 


17 


92 


12 


18 


93 


13 


19 


94 


14 


20 


95 


15 


21 


96 


16 


22 


97 


17 


23 


98 


18 


24 


99 


19 


25 


9A 


1A 


26 


9B 


IB 


27 


90 


10 


28 


9D 


ID 


29 


9E 


IE 


30 


9F 


IF 


31 



Load Digit Time 

The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 
the three codes shown in Table 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 32 cycles per grid 
with the appropriate control code. 

Enable Display Mode 

Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded Into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode, if either 
Blank or Inverse mode is selected, however, a "0" in this bit 
selects Normal display mode, while a "1" selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank mode, enable inverse mode, or enable normal mode. 



Code 


Digit Time=16 


Digit Time=32 


Digit Tinie=64 | 


On 




On 


Off 


On 


Off 


4d 


__ 


16 





32 





64 


41 


— 


16 


__ 


32 


— 


64 


42 


— 


16 


_ 


32 


— 


64 


43 


1 


15 


1 


31 


1 


63 


44 


2 


14 


2 


30 


2 


62 


45 


3 


13 


3 


29 


3 


61 


46 


4 


12 


4 


28 


4 


60 


47 


5 


11 


5 


27 


5 


59 


48 


6 


10 


6 


26 


6 


58 


49 


7 


9 


7 


25 


7 


57 


4 A 


8 


8 


8 


24 


8 


56 


4B 


9 


7 


9 


23 


9 


55 


40 


10 


6 


10 


22 


10 


54 


4D 


11 


5 


11 


21 


11 


53 


4E 


12 


4 


12 


20 


12 


52 


4F 


13 


3 


13 


19 


13 


51 


50 


13 


3 


14 


18 


14 


50 . 


51 


13 


3 


15 


17 


15 


49 


52 


13 


3 


16 


16 


16 


48 








17 


15 


17 


47 


5B 


'„ 


■ 


25 


7 


25 


39 


50 


" 


" 


26 


6 


26 


38 


5D 


" 


" 


27 


5 


27 


37 


5E 


" 


" 


28 


4 


28 


36 


5F 


" 


" 


29 


3 


29 


35 


60 


" 


" 


29 


3 


30 


34 




" 


" 


29 


3 


31 


33 












32 


32 


70 


'„ 


,', 


'„ 


,", 


58 


6 


7D 


" 


" 


' » 


" 


59 


5 


7E 


" 


" 


" 


, " 


60 


4 


7F 


" 


" 


" 


" 


61 


3 




In the Blank mode, any character with the MSB="1" will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 

Start Refresh 

At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a 
Start Refresh control code. This is particularly useful for syn- 
chronizing systems using more than one 10939. Only the 
Master 10939 in a multi-chip system will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 
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INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit codes. The eighth 
(most significant) bit specifies normal (0) or blank/inverse (1) 
display mode, depending on the blank/inverse mode selec- 
tion (see Control data words 09 and OA in Table 1). Figure 
1 shows the ASCII codes for the segment patterns for a bar- 
graph display. 

Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. 
To select the next character position to be loaded out of 
sequence; use the Load Buffer Pointer command. The Buffer 
Pointer will automatically reset to character position when 
its value Is equal to the Digit Counter programmed value. 

POWER-ON RESET 

The Power-On Reset (POR) Initializes the internal circuits of 
the 10939. This is normally accomplished when power (Vdd) 
is applied. The following conditions are established by appli- 
cation of POR: 

a. The Grid Drivers (STR00-STR1 9) on the 1 0939 are in the 

off state, 
b., The Segment Drivers (SG01-SG16) on the 10941 are in 

the off state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer Is set to 0. 

f. The Digit time Is set to 64. 

g. The Normal display mode is set. 

h. DATA-LOAD is set to high impedance state. 

i. SCLK-DIS is set to Vql to disable the segment drivers in 

the 10941. 
j. SOP is set to Vol to disable the sync pulse. 

NOTES: 

1 . When the POR signal Is removed, SCLK-DIS Is set to the 
high impedance state. 

2. During the initial rise time of Vdd at power turn-on, the 
magnitude of Vgg should not exceed the magnitude of 
Vdd. 

DIGIT DRIVERS (STR00-STR19) PLUS CURSOR 

The 20 Digit Drivers select each of the display character 
positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 
simultaneously. The Cursor segment is generated by the 
10939, but its timing characteristics are identical to the 16 
segments generated by the 1 0941 . 

SEGMENT DRIVERS (SG01-SG1 6) 

Sixteen Segment Drivers are provided in the 10941. The 
output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 
ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the ASCII patterns are 
shown in Figure 1 . Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. 
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Figure 1. 10941 14-Seginent Display Patterns 



Input Code 


Segment Patterns (1=0n) 


7 6 5 4 3 2 10 


ABCDEFGH \ JKLMNO P 


1 10 
1 10 1 
1 10 10 
110 11 
110 10 
1 10 10 1 
1 10 110 
110 -0 1 1 1 
110 10 
1 10 10 1 
110 10 10 
110 10 11 
110 110 
110 110 1 
1 10 1 110 
110 1111 


1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 ' ■' 
1 
1 
1 
1 


1 110 
1110 1 
1110 10 
1 1 10 1 1 
1110 10 
1110 10 1 
1110 110 
1 110 1 1 1 
11110 
11110 1 
11110 10 
11110 11 
111110 
111110 1 
1111110 
1111111 


1111111111111 
1111111111 1 1 1 1 
111111111111111 
1111111111111111 



Figure 2. 10941 Bargraph PLA Codes 
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TYPICAL SYSTEM HOOKUPS 

Figure 3 shows a 10941 and a 10939 in a parallel interface 
with the host system driving a 20 character display. Figure 
4 shows a 1 0941 and a 1 0939 in a serial interface with the 



host system driving a 20 character display. Figure 5 shows 
a 10941 and two 10939's interfaced parallel with the host 
system driving a 40 character display. 
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Figure 4. Typical Display System with Serial Interface to Host System 
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DESCRIPTION 

The Rockwell 10951 Bargraph & Numeric Display Controller 
(referred to as the 10951) is a LSI general purpose display con- 
troller designed to interface to segmented displays (gas dis- 
charge, vacuum fluorescent, or LED). 

The 10951 will drive 16-segment bargraph or seven-segment 
plus comma and decimal numeric displays with up to 16 display 
positions. The controller accepts comrnand and data input words 
on a clocked serial input line. Commands control the on/off duty 
cycle, starting character position and number of characters to 
display. Encoded data words display bargraph position (single 
segment or increasing bar length), numbers, comma, decimal 
and selected upper and lower case letters. No external drive 
circuitry is required for displays that operate on 1 ma of drive 
current up to 40 volts. A 64 x 16-bit segment decoder provides 
internal ASCII character set decoding for the display. 

ORDERING INFORMATION 



Part 
Number 


Package 
Type 


Drive 
Voltage 


Temperature 
Range 


10951 P-50 
10951 PE-50 


Plastic . 
Plastic 


50V 
50V 


0°Cto+70°C 
-40°C to +85*0 



FEATURES 

• 1 6 segment drivers plus decimal point and comma tail drivers 

• 16 digit drivers 

• Average data rate: 66 kHz 

• Single character burst rate: 500 kHz 

• TTL compatible 

• Direct digit drive of 10 ma for 30, 35, and 40 volt displays 

• Supports gas-discharge, vacuum fluorescent, or LED displays 

• Serial data input for 8-bit display and control data words 

• 64 X 16-bit PLA provides data decoding driving 
— Any 1 of 16 bargraph segments 

— 1 to 16 bargraph segments 

— Ten seven-segment numeric characters (0-9) 

— Comma and decimal 

— Eight upper and lower case seven-segment characters 

• Command functions 
— On/off duty cycle 
— Character position 

— Number of characters 

• 40-Pin DIP 



E 
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10951 Block Diagram 
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INTERFACE DESCRIPTION 



10951 Pin Functions 



Signal Name 


Pin No. 


Function 


vss 


1 


Power and signal ground 


AD16-AD1 


2-17 


Digits 16 through 1 driver outputs 


VDD 


18 


DC power connection 


A 


19 


A clock used only for device testing 


POR 


20 


Power-on reset input 


DATA 


21 


Serial data input 


SCLK 


22 


Serial data clock input 


SGA^SGP 


23-38 


Segments A through P driver outputs 


TAIL 


39 


Comma tail driver output 


PNT 


40 


Decimal point driver output 



SPECIFICATIONS 

Maximum Ratings 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Supply Voltage 


Vdd 


+0.3 




-20 


V 


Power Dissipation 


Pd 




40 


100 


mW 


Input Voltage 


V,N 


+0.3 




-20 


V 


Output Voltage 


VOUT 


+0.3 




-40 


V 


Operating Temperature 












Commercial 


To 







+70 


°C 


Industrial 


T, 


-40 




+85 


"C 


Storage Temperature 


TsTG 


-55 




+ 125 


°C 


Input Capacitance 


C|N 






5 


pt 


Output Capacitance 


CoUT 






10 


pf 



VSS 


c 


1 


40 


J PNT 


AD16 


d 


2 


39 


JJML 


AD15 


C 3 


38 


3SGP 


AD14 


q 


4 


37 


3SG0 


AD13 


d 


5 


36 


3 SGN 


AD12 


d 


6 


35 


3 SGM 


ADIT 


c 


7 


34 


J SGL 


AD10 


c 


8 


33 


■J SGK 


ADS 


c 


9 


32 


J SGJ 


AD8 


c 


10 


31 


DSGI 


AD7 


c 


11 


30 


3 SGH 


AD6 


E 


12 


29 


] SGG 


AD5 


C 


13 


28 


3 SGF 


AD4 


c 


14 


27 


D ®^^ 


AD3 


c 


15 


26 


J SGD 


A02 


c 


16 


25 


J SGC 


AD1 


c 


17 


24 


:j SGB 


VDD 


c 


18 


23 


D SGA 


A 


d 


19 


22 


'J SCLH 


POR C 


20 


21 J DAT/ 



10951 Pin Configuration 

This device contains circuitry to protect the inputs against 
damage due to high static voltages, however, it is advised 
that normal precautions be taken to avoid application of any 
voltage higher than maximum rated to this circuit. 

All voltages are specified relative to Vss- 



DC Characteristics 



Parameter 


Limits (Vss = 


= 0) 


Limits (Vss = +5V) 


Conditions 


Unit 


Min. 


Typ. 


IMax. 


Min. 


Typ. 


Max. 


Supply Voltage (Vdd) 


-16.5 


-15.0 


-13.5 


-11.5 


-10.0 


-8.5 




V 


Input DATA, SCLK, 
















V 


Logic "1" 


-1.0 




+0.3 


+4.0 




+5.3 




V 


Logic "0" 


Vdd 




-4.2 


Vdd 




+0.8 






Input POR 


















Logic "1" 


-3.0 




+0.3 


+2.0 




+5.3 






Logic "0" 


Vdd 




-10.0 


Vdd 




-5.0 






Output Digit and 


















Segment Strobes 


















Driver On 


















Commercial 






-1.5 






+3.5 


\ At 10mA 


V 


Industrial 






-1.7 






+3.3 


V 


Driver Off 10951-50 






-50 






-45 


\ Actual value 
I determined by 
J external circuit 


V 


Output Leakage 






10 






10 


\ Per driver at 
1 driver off 


mA 


Input Leakage 






10 






10 


fiA 


NOTES: All outputs require Pulldown Resistors. | 



AC Ctiaracteristics 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Internal Clock (1 Bit Time) 


Tcyc 










Commercial 




6.67 


10.0 


20.0 


IXS 


Industrial 




5.88 


10.0 


22.2 


flS 


Segment or Digit Strobe Output 


Tout 


200 






ns 


SCLK Clock 












On Time 


Ton 


1.0 




20.0 


fiS 


Off Time 


Toff 


1.0 






^s 


Data Input Sample Time 












Before SCLK Clock Off 


Tboff 


200 






ns 


After SCLK Clock Off 


Taoff 


100 






ns 
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SCLK and Serial Data Timing 

SCLK 



-1.0V s,^ 
-4.2V- 



/^^^^\ -4.2V f ^^^^~^ 



. Tboff 



DATA must be stable during this time. 



SCLK and Serial Data (Control Word) Examples 



+5V 



TIME 



SCLK 



DATA 



DATA 



DATA 



^ ^ ^ 



1 



g^"^ YAYAY/A 

1 1 1 



(A 



(A 



V} 



LOAD DUTY CYCLE = 11 



LOAD BUFFER POINTER = 11 



21 



(A 



/y ^ ^^ '■^'^^ °'^'^ COUNTER = 15 



NOTE: Crosshatch = don't care 



Data Word LSB/MSB Timing 



\f 



\ 



\ 



Power-On Reset Voltage Limits ^^s 



NOTE: Vss referenced to OV 
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FUNCTIONAL DESCRIPTION 

The 10951 receives commands and data on a serial input 
line clocked externally by a separate clock Input line. The 
controller decodes the commands from control data words, 
decodes the data words in accordance with an internal 64x 1 6- 
bit programmable logic array (PLA) and turns on and off seg- 
ment and digit output drivers. The segment output patterns 
are controlled by the decoded data words while the digit 
output and segment output timing are controlled by the 
decoded control words. AH timing signals required to control 
the display are generated in the 10951 device without any 
refresh Input from the host processor. 

Input data is loaded into the Display Data Buffer via the Serial 
Data Input (Data) channel. Internal timing and control blocks 
synchronize the segment and digit output signals to provide 
the proper timing for the multiplexing operation. The 16x64 
PLA decodes 8-blt data words to drive the 16 segment, 
comma and decimal point drivers. The decoded data words 
will drive 16 segments to display bargraph patterns (single 
segment and multiple segment for increasing length dis- 
plays) or seven-segment patterns to display numbers, 
selected upper and lower case letters, comma and decimal 
point. 

Input data is loaded into the 10951 as a series of 8-bit words 
with the most significant bit (MSB), bit 7. If bit 7 of any word 
loaded is a logical 1 (this bit is referred to as the control bit 
C), the loaded word is a control data word. If the C bit of any 
word is a logical 0, the loaded word is a display data word. 
The following paragraphs describe the format and functions 
of these control and display data words. 

INPUT CONTROL DATA WORDS 

When the C-Bit (bit 7) of the 8-bit input word is a logical 1 , 
bits 5 and 6 are decoded into one of four control commands 
while data associated with the command are extracted from 
bits 0-4. There are three control codes which perform the 
following display functions: 

• Load the Display Data Buffer pointer, 

• Load the Digit Counter, 

• Load the Duty Cycle register. 

A fourth control code is defined but is not intended as a user 
function (see note associated with Table 1). Table 1 lists the 
control codes and their functions. 



Load Buffer Pointer 

The LOAD BUFFER POINTER code allows the Display Data 
Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is 
loaded with a decimal equivalent value 2 less than the desired 
value (i.e., to point to character 6 of the display, a value of 
4 is entered). 

Load Digit Counter 

The LOAD DIGIT COUNTER code is normally used only 
during initialization routines to define the number of character 
positions to be controlled. This code maximizes the duty 
cycle for any display. If 16 characters are to be controlled, 
enter a value of (zero). Othenwise, enter the value desired. 

Load Duty Cycle 

The LOAD DUTY CYCLE code is used to turn the display on 
and off, to adjust display brightness, or to modify display 
timing for gas discharge displays. As shown in the block dia- 
gram, the time slot for each character is 32 clock cycles. The 
Segment and Digit Drivers for each character are on for a 
maximum of 31 cycles with a 1 cycle inter-digit off-time. The 
LOAD DUTY CYCLE code contains a 5-bit numeric field 
which modifies the on-time for segment Driver Outputs from 
to 31 cycles. A duty cycle of puts both the segment and 
digit drivers into the off state. Figure 1 shows the timing char- 
acteristics for the segment outputs. 



POWER-ON RESET (POR) 

The Power-On Reset (POR) initializes the internal circuits of 
the 10951 when power (Vqd) is applied. The following con- 
ditions are established after a Power-On Reset: 

a. The Digit Drivers (AD1-AD16) are in the off state 
(floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 
(floating). This includes PNT and TAIL 

c. The cycle on-time for the LOAD DUTY CYCLE Is set 
to cycles. 

d. The LOAD DIGIT COUNTER is set to 16 (a bit code 
value of 0). 

e. The LOAD BUFFER POINTER is set to 15 to allow the 
first character to be entered into position 1 . 



Table 1. Control Data Words 



8-Bit Control Word 


Function 


C-Bit 


7-Bit Code 


1 
1 
1 
1 


2 Z o o 

It 11 


LOAD BUFFER POINTER (Position of character to be changed) 
LOAD DIGIT COUNTER (Number of characters to be output) 
LOAD DUTY CYCLE (On/off and brightness control) 
TEST MODE ONLY (Not a user function) 


NOTE: 1. NNNN Is a4-bit binary value representing the digit 3. This code is a device test function only. If exe- 
number to be loaded cuted it will lock the device in the test mode which 
2. NNNNN is a 5-bit binary value representing the can be removed only by performing a power-on 
number of clock cycles each digit is on. reset. 
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A01 

AD2 

A03 

ACM 

AD5 

AD6 

AD7 

A08 

ADS 

AO10 

AD11 

A012 

AD13 

AD14 

AD15 

AD16 

SGX 


GND 


L-. 


1 DISPLAY CYCLE ^1 




n 


31 BIT TIMES 


512 BIT TIMES ^1 

1 1 


-V —^ ^ 


-^ 1 BIT TIME 


1 1 






1 1 


1 I 






I \ 


1 1 




1 




1 1 


1 1 




1 1 




r— 1 






I— 1 




1 1 




m 




.— . 






m 






^ 






m 






r-1 






1-1 


► 
GND 


— 


^ 31 BIT TIMES 
1 1 


II 1 1 r 1 




-' 


► 


1 

1^ 1 BIT TIME 

I 


NOTE: 

Timing shown Is for 16 characters with a duty cycle of 31 

Figure 1. Display Scan Timing Diagram (Duty Cycle) 
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INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit format codes. There 
are 64 codes available (with the C-bit set to to indicate a 
display data word). 

Sixteen display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer is automat- 
ically incremented before each data word is stored in the 
Display Buffer except for decimal point and comma words. 
The decimal point and comma words do not cause the Buffer 
Pointer to increment and thus are always associated with the 
previous character entered. To select the next character 
position to be loaded out of the normal sequence, use the 
LOAD BUFFER POINTER command before entering the dis- 
play data word. It is not necessary to use the LOAD BUFFER 
POINTER command to cycle back to position 1 when less 
than 16 character positions are being used (DIGIT COUNTER 

DIGIT DRIVERS (AD1-AD16) 

The sixteen Digit Drivers (AD1-AD16) are used to select 
each of the display digits sequentially during a refresh scan. 
Display segments will be illuminated when both the Digit 



Drivers and Segment Drivers for a particular character are 
energized simultaneously. The timing characteristics of both 
the digits and segments are shown in Figure 1 . See POR for 
the Power-On Reset state of these drivers. 

SEGMENT DRIVERS (SGA-SGP) 

Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 
the decimal point (PNT) and comma tail (TAJL). The seg- 
ment, PNT and TAIL outputs are internally decoded from the 
8-bit characters in the Display Data Buffer by means of a 64 
X 16-bit PLA. The allocations for the 16-segment bargraph 
display and the seven-segment alphanumeric character plus 
comma and decimal point are shown in Figure 2. The input 
codes associated with seven-segment alphanumeric, comma 
and decimal point display are shown in Figure 3. The com- 
plete set of 8-bit codes for the bargraph and alphanumeric 
display is shown in Table 2. Note that only segment drivers 
SGA-SGG are used to drive the seven-segment characters. 
Segment drivers SGH-SGP may be used for other purposes 
as decoded in accordance with Table 2. Timing character- 
istics for the segment outputs are shown in Figure 1. See 
POR for the Power-On Reset state of these drivers. 



SGP — 

SGO 

SGN 

SGM 

SGL 

SGK 

SGJ 

SGI - — 
SGH — 

SGG 

SGF 

SGE 

SGD 

SGC 

SGB 

SGA 

16-SEGMENT 
BARGRAPH 





SGA 


SGF 


SGG 


SGE 


SGD 



SGB 



SGC 



■ PNT 
3 TAIL 



7-SEGMENT 
ALPHANUMERIC 



Figure 2. Segment Allocation 



INPUT 

CODE 

(BITS 2-0) 


INPUT CODE (BITS 7-3) 


0X100 


0X101 


0X110 


0X111 


000 


\_\ 


\_\ 


n 

l_l 


a 


001 


1 
1 




1 
1 


n 

_i 


010 


1 


l~l 
1 




n 
1 1 


Oil 


_l 


1 

l_ 


—\ 
__\ 


1 

I 1 


100 


1 1 
1 


» 


1 1 
1 


1 


101 


h 




1 


1 
1 1 


110 


1 

u 


■ 


1 

u 


1 


111 


1 
1 




1 


1 
1 



Figure 3. 7-Segment Patterns 
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Table 2. 10951 Data Codes 



Input Code 


Function 


Segment Driver Output patterns (1 = On) 




i 


7 6 5 4 3 2 10 


SGA 


SGB 


SGC 


SGD 


SGE 


SGF 


SGG 


SGH 


SGI 


SGJ 


SGK 


SGL 


SGM 


SGN 


SGO 


SGP 


PNT 


TAIL 




X 
0X000001 
0X000010 
0X00001 1 
0X0001 00 
X 1 1 

6 X 1 1 

0X0001 11 
0X001000 
X 1 1 
0X001 01 
0X001011 
0X001100 
0X001 101 
0X001110 
0X001111 


Segment .A On 
Segment B On 
Segment C On 
Segment D On 
Segment E On 
Segment F On 
Segment G On 
Segment H On 
Segment 1 On 
Segment J On 
Segment K On 
Segment L On 
Segment M On 
Segment N On 
Segment On 
Segment P On 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 






B 


0X010000 
0X01 0001 
0X01 001 
0X010011 
0X010100 
0X010101 
0X010110 
0X010111 
0X011000 
0X011001 
0X011010 
0X011011 
0X011100 
0X011101 
0X01 11 10 
0X1 111 1 1 


Segment A On 
Segments A&B On 
Segment A-C On 
Segment A-D On 
Segment A-E On 
Segment A-F On 
Segment A-G On 
Segment A-H On 
Segment A-l On 
Segment A-OJ On 
Segment A-K On 
Segment A-L On 
Segment A-M On 
Segment A-N On 
Segment A-0 On 
Segment A-P On 










1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 














1 
1 
1 
1 


1 
1 
1 


1 
1 


1 






f 


0X100000 
0X1 00001 
0X1 0001 
0X100011 
0X100100 
0X100101 
0X1 001 1 
0X100111 
0X101000 
0X101001 
0X101010 
0X101011 
0X101100 
0X101101 
0X1 oil 1 
0X1 0111 1 


Number 
Number 1 
Number 2 
Number 3 
Number 4 
Number 5 
Number 6 
Number 7 
Number 8 
Number 9 
Letter P 
Letter L 
Comma 
Blank 
Decimal 
Blank 








1 

1 

1 


1 

1 

1 

1 

1 
1 


1 

1 
1 
1 

1 
1 
1 
1 






















1* 
1** 


1* 


i 

1 


i 
Alp 


0X1 1 0000 
0X110001 
0X110010 
0X110011 
ox 1 10 1 
0X11 01 01 
0X110110 
0X1 1 1 1 1 
0X1 1 10 
0X111001 
0X111010 
0X111011 
0X111100 
0X1 1 11 1 
0X111110 
0X111111 


Number 
Number 1 
Number 2 
Number 3 
Number 4 
Number 5 
Number 6 
Number 7 
Number 8 
Number 9 
Letter A 
Letter b 
Letter C 
Letter d 
Letter E 
Letter F 


1 


1 

1 
1 
1 
1 

1 

1 
1 
1 

1 


1 


1 


1 

1 

1 

1 

1 
1 
1 
1 
1 
1 


1 


1 
























r 



Bargraph 
Codes 




Alphanumeric 

and 

Special 

Codes 



NOTES: 

* Sets comma and decimal outputs for last character entered. 
** Sets decimal output for last character entered. 
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TYPICAL SYSTEM HOOK-UP 

Figure 4 shows the 10951 driven by a Host System as it would 
be connected to a V-F display. Ek is determined by the V-F dis- 
play specifications and Rq is selected to provide proper biasing 



current for zeners. Pull down resistors Ra and Rq are deter- 
mined by the interconnection capacitance between the 10951 
and the display. 



7^ 



10951 



SGX RESET 



t 



TYPICAL 
GRID 
(DIGIT) 




HOST 
SYSTEM 



T 



Figure 4. Typical System Schematic 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 
Low Cost, Flexible Systems Work With Multiple juCs 



To support product development, Rockwell offers a range 
of microcomputer development systems, each extremely 
economical when compared on a cost/performance basis 
with competitive development systems. 

The Rockwell AIM 65 microcomputer described in 
Section 7 functions as an extremely low cost, expandable, 
development system when used with the Rockwell Software 
Preparation System kit. The Rockwell Design Center (RDC) 
is an excellent, low cost, disk based development system, 
allowing concurrent development of up to four target R6500 
and R6500/* systems. 

The RDC is an easy to use, powerful development system 
for multi-chip and one-chip R6500 systems. A full line of 
support modules, macro assembler, link editor and high 
level PL/65 language are also available. R6500/* personality 
modules, additional RAM and a PROM programmer help 
add versatility. 



The RDC supports the growing trend to using single-chip 
microcomputers as slaves with multi- or single-chip 
microprocessor systems. The advantages of slaves include 
both cost and technical savings, sijch as eliminating some 
complex timing relationships. With the RDC, up to four 
different microprocessor personality modules can be 
performing in-circuit-emulation under control of the system. 
The RDC mainframe is constructed modularly, using the 
proven RM Eurocard design, so it can be expanded readily, 
as needed. The terminal unit includes CRT, disk drives, and 
keyboard. Up to 1.28 Mbytes can be addressed on the two 
96 TPI, double sided, double density, 5 VA-inch disk drives. 

The RDC allows designers to economically and efficiently 
develop multiple microcomputer systems, regardless of the 
microcomputer device involved. Personality sets and target 
RAM modules are available for all R6500 and R6500/* 
configurations. 




Rockwell Design Center Development System 
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ROCKWELL DESIGN CENTER (RDC) 



INTRODUCTION 

The Rockwell Design Center (RDC) is a development system 
vertically integrated to support the entire R6500 family of micro- 
processors and microcomputers. The RDC allows emulation, 
development, and software debugging of up to four separate 
microprocessors and microcomputers concurrently, even if the 
four devices are different members of the R6500 family. The 
RDC is a disk-based system with two 96 TPl, double-sided, 
double-density 5y4-inch floppy disk drives that provide a storage 
capacity of up to 1.3M bytes of data (formatted). 

A unique bus structure provides a separate system bus and four 
target busses which can operate at different speeds (up to 4 
MHz). Construction of the RDC is modular based on the proven 
RM 65 design using both single- and double-sized Eurocards 
and highly reliable DIN 41612 pin and socket connectors. The 
double Eurocards allow use of both the system bus and a target 
bus which can operate at different speeds. 

Featuring Softkey function keys, the RDC eliminates the need 
for an operator to learn extra key strokes and command struc- 
tures. A command line of operating modes is displayed across 
the bottom of the CRT screen so that the user need only push 
the corresponding function key to command the ROC to enter 
the mode of operation desired. 

FEATURES 
Hardware 

• Modular construction based on proven RM 65 architecture 

• Highly reliable, standard DIN 41612 pin and socket connectors 

• Non-glare 12-inch CRT, green phosphor 

• Detachable full ASCII intelligent keyboard 

• Dual 96 TPl, double-sided, double-density 5y4-inch floppy 
disk drives 

• Separate system bus and four independent target busses 

• Two serial ports — one for RDC terminal interface^one for 
host system download 

• Two parallel ports— one for RDC terminal interface—one for 
external printer 

• 64K byte RAM system memory 

• Internal self-test panel for system troubleshooting 

• Three separate CPUs for keyboard, CRT, and system control 

• Designed for built-in PROM programmer option 



For users who already have an Intel ISIS II with mass storage 
program management, an R6500 cross-assembler is available. 
This, allows the RDC to function as a satellite, providing a power- 
ful debug system. The RDC is also capable of receiving files 
from the Rockwell SYSTEM 65 Microcomputer. 

When used with the R6500/* Microcomputer or R6502-R65C02 
Microprocessor Personality Sets, the RDC is a powerful emula- 
tion system for the complete family of Rockwell R6500/* one- 
chip microcomputers or NMOS R6502 and CMOS R65C02 
families of microprocessors. The multiple target bus structure 
of the RDC allows the user to emulate four devices concurrently, 
and at different speeds. 




Rockwell Design Center System 
Functional 

• Self-contained, disk-based operating system 

• Softkey function access to menu-driven operational modes 

• Text Editor 

• R6500 Macro Assembler/Linking Leader 

• SYSGEN configurable to user environment 

• Automatic power-up initialization of system and configurations 

• Separate system and target memory map 

• 4 target simultaneous emulation 

• Real-time in-circuit emulation, up to 4 MHz 

• Five hardware breakpoints per target, 32-bits wide with "don't 
care" bits 

• Inside or outside window breakpoint with 1 byte resolution 

• Configurable as a satellite for an Intel ISIS II host system 
or Rockwell SYSTEM 65 

• Self-test software 



Document No. 29655N04 



Data Sheet Order No. RDC04 
Rev. 2, December 1983 
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PRODUCT OVERVIEW 

The RDC consists of three assemblies; the mainframe, a CRT 
terminal with floppy disk drives and a full ASCII keyboard. The 
mainframe contains the following components: 

• The system bus and target/user busses 

• Power supply and system cooling fans 

• Two 32K Dynamic RAM modules for system memory 

• Single Board Computer (SBC) module 

• Floppy Disk Controller (FDC) module 

• Asynchronous Communications Interface Adapter (ACIA) 
module with 2 channels for keyboard interface and user 
RS-232C 

• Multi-function Peripheral Interface (MP!) module with two 
ports for interface to the CRT terminal and to a printer 

• 24-pin and 28-pin PROM sockets for optional PROM Pro- 
grammer module 

The terminal assembly consists of a non-glare 12-inch, green 
phosphor CRT, a video display controller module, and two 5V4- 
inch floppy disk drives. The keyboard is intelligent for full ASCII 
operation. 



FUNCTIONAL DESCRIPTION 

Major Components and Interfaces 

The block diagram shows the architecture of the RDC system 
and identifies the relationship between the system bus and the 
target busses. Although the block diagram shows only one 
Target Interface, it represents the architecture of each of the 
four target busses. The terminal keyboard interfaces with the 
RDC system through one of the RS-232C ports (J3 connected 
to the ACIA module). The CRT interfaces with the RDC system 
through a parallel port (J3 connected to the MP! module). The 
disk drives interface to the RDC system through a separate port 
(J2 connected to the FDC module). All other control functions 
of the RDC system interface directly through the RDC system 
bus. Note that the Personality Set PMC module interfaces the 
RDC system bus to the target bus. 



Bus Structure 

The RDC system Operates through a multiple bus structure — a 
system bus and four target busses. The system bus contains 
21 card slots to accommodate single Eurocard modules or 
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double Eurocard modules. Double Eurocard modules plugged 
into the system bus are common to the system bus and the 
target bus. Double Eurocard modules (such as the R6500/* 
Personality Set PMC module) are used for microcomputer 
emulation support. Single Eurocard module connectors on the 
system bus are used to interface with RDC microcomputer 
system modules such as the 32K RAM(2), SBC, FDC, AC^A, 
and MPI. 



intended for plugging in a target (emulation) RAM module (8K 
X 8 or 64K x 8 depending upon the microcomputer to be 
emulated). These three target busses are color coded (blue, 
red, and yellow) on the RDC card cage for easy identification 
of the division of the target bus segments. The fourth target bus 
consists of nine Euroconnectors, four of which wHI accept double 
Eurocard modules and five of which will accept single Eurocard 
modules. 



The four target busses are segmented so that four separate 
emulations can be controlled by the system concurrently, three 
of the target busses have four card slots each. Three of theise 
slots will accept double Eurocard modules, and the fourth will 
accept a single Eurocard module. The double card slots are 
intended for a Personality Module Controller (PMC) module and 
future growth up to two Analyzer modules. The single card slot is 



A typical single target emulation configuration will consist of an 
R6500/* or R6502-R65C02 Personality Set (comprising a PMC 
module, Personality Pod, and Emulator Interface) and a target 
RAM module, as a minimum. Since up to four fully configured 
emulation systems can be supported concurrently, the RDC 
could be configured with any combination of four R6500/* or 
R6502-R65C02 Personality Sets, and four target RAM modules 
in addition to the RDC system control modules. 
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RDC Internal Layout and Card Cage Bus Structure 



6-5 



RDC- 1001/2 



Rockwell Design Center 



Operating Modes 

The RDC bootstrap ROM is initiated whenever the system is 
pbwered-up. The bootstrap program then loads the SYSGEN 
data ^nd system program from the system disk drive. When the 
bootsitrap is completed the CRT displays a Sdftkey menu for the 
function keys on the keyboard. It Is this menu that prompts the 
user to select the mode of operation requiried. The Softkey 
prompts displayed at this time are: 



SATELLITE LOCAL SYSGEN 



HELP 



These Softkey prompts represent the primary rriodes of oper- 
ation for the RDC system. When the function key corresponding 
to the CRT prompt locatidn is pressed, one of the following 
modes is selected: 



Each Softkey prompt, when selected by the function key, invokes 
a new set of Softkey prompts which further define the tasks to 
be performed by the mode. As an example, if the LOCAL promJDt 
is selected, a new Softkey prompt menu displays: 

UTILITY, DEBUG HELP 

If UTILITY is selected from this prompt, a new menu displays: 

DISK FILE EXEC HELP 

Selecting DISK invokes a new menu which asks: 

COPY BACKUP FORMAT DIR INIT HELP 



SATELLITE — This mode provides the menus available for inter- 
facing the RDC as a satellite to the host system 
(Intel ISIS II) 

LOCAL —This mode provides the menus available to the 
user from within the RDC without requiring host 
resources. 

SYSGEN —This mode allows the user to modify the diskette- 
stored system parameters on either a permanent 
(until another power-up condition) or a temporary 
basis. 



This hierarchy continues until all parameters of the tasks of the 
mode selected have been established. At any time during the 
mode selection process the user has the option of calling back 
the previous set of Softkey menu prompts by simply pushing the 
- (minus) key. 

The illustration shows the depth to which the command line 
prompts guide the user through selecting the desired mode of 
operation. 



HELP — This mode displays information which briefly 

describes the operational mode options available 
In SATELLITE, LOCAL and SYSGEN modes. All 
Softkey menus include a HELP which is always 
located on the CRT screen directly over the far 
right hand function key on the keyboard. 



Mode 



Command Line Prompts 



- DOWNLOAD (ISIS II or SYSTEM 65 PROTOCOL) • HELP 



LOCAL - 



->- UTILITY • DEBUG • HELP 

► MEMORY • REGISTER • BREAKPOINT • RUN • RESET •PROTECT • DIRECTORY • HELP 

— *- PROTECT * UNPROTECT • CLEAR.ALL • HELP 



L, 



u. 



- NORMAL • STEP • DEBUGGER • HELP 
- NORMAL • STEP • HELP 
-*► BP#1 • BP#2"» BP#3 • BP#4 • BP#5 • CLEAR.ALL • HELP 



-^ DISPLAY • CHANGE • LOAD • SAVE • HELP 



— >- DUMP • MODIFY • TEXT • DISASN • SAVE • VERIFY • LOAD • HELP 
►DISK • FILE • EXEC • HELP 

I ^TEXT EDITOR • MACRO ASSEMBLER • PROM PROGRAMMER • USER FILES 



-*- LIST • DELETE • RECOVER • RENAME • DIRECTORY • HELP 



->- COPY • BACKUP • FORMAT • DIRECTORY • INIT • HELP 



KEEP • HOST • PRINTER • TARGETS • BEEPER • DISPLAY • HELP 

I ' -*- CURRENT • TARGET • TARGET 1 • TARGET 2 -TARGET 3 • HELP 

I 1^ PARITY • HI BAUD • LOW BAUD • WORD LEN • STOP BITS • HELP 

♦►SAVE SYSGEN ON DISKETTE 



MODE COMMAND LIST EXPLANATIONS 



Command Line Hierarchy (Typical) 
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INTERFACE 

Interface between the RDC system control modules and the port 
connectors on the back panel are made through ribbon cables. 
The ribbon cables are permanently attached to the port con- 
nectors. The terminal interfaces to the RDC System through tvyo 
cables with mating connectors on each end that are keyed for 
proper installation. The RDC Cable Interface figure shows how 



tfiese cables are routed in the system. The Self-Test Panel 
interface ribbon cable is attached to the test panel and has a 
connector on the other end that mates to the SBC module I/O 
connector. The optional PROM programmer module connects 
to the two PROM sockets through a single ribbon cable. 



RDC 
TERIMINAL 



SELF-TEST 
PANEL 



II 



:zzrL 



OPTIONAL 

PROM 

PROGRAMMER 

MODULE 




RDC SYSTEM BUS 






ROC MAINFRAME 



F=E 



NOTE: (T) Ribbon cables are physically attached to RDC Mainframe 
connectors J1 through J4 and have connectors on the 
other end that mate to the modules. 



RDC Mainframe Internal/External Ribbon Cable Connections 



SPECIFICATIONS 



Parameter 


RDC Mainframe 


RDC Terminal j 


CRT/FDD 


Keyboard 


Dimensions 

Height 
Width 
Depth 


1 1 in. (27.94 cm) 
20 in. (50.80 cm) 
18 in. (45.72 cm) 


14 in. (35.56 cm) 
20 in. (50.80 cm) 
16 in. (40.64 cm) 


3 in. (7.62 cm) 

20 in. (50.80 cm) 

8 in. (20.32 cm) 


Weight 


40 lbs. (18 Kg) 


42 lbs. (19 Kg) 


6 lbs. (2.7 Kg) 


Electrical 

AC Input Voltage 

AC Frequency 
Fuse Requirement 


105 to 125 (RDC-1001) 
210 to 250 (RDC-1002) 
47 to 63 Hz 
3 A slo-blo (RDC-1001) 
1.5 A slo-blo (RDC-1002) 


105 to 125 (RDC-1001) 
210 to 250 (RDC-1002) 
47 to 63 Hz 
3 A slo-blo (RDC-1001) 
1.5 A Slo-blo (RDC-1002) 


Environmental 

Temperature 
With/Disk Media 

Humidity 


sg^F to 104°F (IS^'C to 40°C) operating 
- 4«F to 140*'F ( - 20°C to 60°C) shipping 
-4*'F to 122°F (-20OC to 50°C) Storage 
20% to 80% non-condensing operating* 
1% to 95% non-condensing shipping 
1 % to 95% non-condensing storage 


NOTE: *Disk media maximum wet bulb temperature 84.9°F (29.4°C) 
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ORDERING INFORMATION 



Part Number 


Description 


RDC-1 001 
RDC-1002 
RDC-1010 
RDC-1011 
RDC-1012 
RDC-1030 
RDC-2000 


RDC System (100 Vac)(i) 

RDC System (220 Vac)(i) 

32K System RAM Module 

8K Target RAM Module 

64K Target RAM Module 

PROM Programmer Module 

R6500 Cross Assembler for Intel ISIS II 


Order Number<2) 


Document Title 


RDC06 
RDC11 

RDC12 

RM08 

RM10 

RM15 

RM24 

RM11 


RDC R6500/* Personality Set Data Sheet 

RDC R6502-R65C02 Personality Set 

Data Sheet 

RDC PROM Programmer Data Sheet 

ACIA Module Data Sheet 

SBC Module Data Slieet 

FDC Module Data Sheet 

MPI Module Data Sheet 

32K Dynamic RAM Module Data Sheet 


Notes: 

(1) Both system configurations are shipped with the following 
components: 

• RDC Mainframe 

• RDC Terminal with 12" CRT and Dual 5Va" Floppy Disk 
Drives and detached Keyboard 

• Six System Control modules— ACIA, FDC, SBC, MPI, 
and two 32K DRAM 

• All Required Interface Cables 

• Software Package (Utilities, Text Editor, Macro 
Assembler) 

• Documentation Package 

(2) Documents provide further information about the RDC system. 



PERSONALITY SETS 

Personality Sets are available for the RDC that allow emula- 
tion, development, and software debugging of the complete 
family of R6500/* Microcomputers and R6502-R65C02 
Microprocessors. The microcomputers and microprocessors 
supported by these Personality Sets are: 



R6500/11P 


• R6500/13P 


• R6500/42P 


• R6611Q 


R6500/12P 


• R6500/41P 


• R6500/43P 


• R65C02 


R6541Q 


• R6501Q 


• R6502 


• R6503 


R65C102 


• R65C112 


• R6506 


• R6507 


R6504 


• R6505 


• R6514 


• R6515 


R6512 


• R6513 


• R6500/1P 





For complete information on ordering any particular 
Personality Set or groups of Personality Sets, refer to the 
RDC R6500/* Personality Set Data Sheet, Order Number 
RDC06, or RDC R6502-R65C02 Personality Set Data Sheet, 
Order Nunnber RDC1 1. 
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RDC-1XX AND RDC-3XX 

ROCKWELL DESIGN CENTER 

R6500/* PERSONALITY SET 



INTRODUCTION 

The RDC R6500/* Personality Set is a Rockwell Design Center 
(RDC) option that allows the RDC user to develop, dfebug and 
verify programs intended for use by any R6500 one-chip micro- 
computer system. The R6500/* offers the user a high perfor- 
mance development system specifically designed for emulation 
of a microcomputer system. This RDC option supports In-circuit 
emulation for the entire R6500 family of one-chip microcomputers. 

The basic R6500/* Personality Set includes a Personality Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
Interconnect cable set, and the required software and support 
documentation. 

The R6500/* Personality Set provides the RDC with a dual CPU 
capability. This added feature permits the RDC CPU to maintain 
control, even while the R6500/* is executing a program, thus 
providing the user with complete control over the development 
process. 

The R6500/* Personality Set can be expanded to include four 
separate emulation systems which can be run concurrently on 
the RDC. 



FEATURES 

• Disk based macro assembler and debug monitor 

• Provides 8K RAM in system (optional) 

• Supports 65K address range in target environment 

• Five hardware breakpoints with SYNC outputs 

• User defined external break signal 

• Single step through interrupts 

• Supports four simultaneous target developments 

• No zero page address conflicts 

• Power down capability 

• RAM write protection 

• User or system supplied power and clock 

• Real-time in-circuit emulation 

• Menu-driven Softkey command selection 





RDC R6500/* Personality Set 



Document No. 29655N06 
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RDC R6500/* Personality Set 



USED FOR TRACE 
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System Interconnection 



RUN MODE/CONTROLLED EXECUTION 
COMMAND SUMMARY 

The R6500/* Personality Set is designed to allow the R6500/* 
to execute independent of the RDC. Thus, while the R6500/* 
is executing code, the RDC CPU is still in operation. This allows 
certain functions to be performed by the RDC CPU without dis- 
turbing the execution of the R6500/*. 

RUN MODE COMMANDS 

The R6500/* debug monitor allows certain commands to be 
performed while the R6500/* is in the Run mode. The Run 
Mode commands are highlighted as follows: 



CONTROLLED EXECUTION MODE COMMANDS 

The Controlled Execution Mode commands are divided into five 
groups, as follows: 



Description 



RUN MODE COMMANDS 
Issue Reset 

Examine or Modify Hardware Breakpoint 
Exit Run Mode 

Return to RDC Operating System 
Select a New PMC Module 
Enable/Disable the System Pointer 
Halt/Resume Run 



Description 



COMMANDS TO DISPLAY MEMORY OR REGISTERS 
Display or alter sixteen selected memory locations 
Display or alter next sixteen memory locations 
Display or alter previous sixteen memory locations 
Examine/modify RAM and I/O one byte at a time 
Dump memory in Hex and ASCII format 
Invoke disassembler 
Display or alter register contents 

COMMANDS TO SET PROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 
Enable or disable single step mode 
Set or modify hardware breakpoint 
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Description 



COMMANDS TO TRACE PROGRAM FLOW 
Toggle instruction trace on or off 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 

DISK FUNCTIONS 

Special disk functions 
Display disk directory 
Delete file 

MISCELLANEOUS COMMANDS 
Write protect menriory blocks 
Load object code 
Start execution of user's program 
Dump rnemory 
Issue RESET 

Verify object code against memory 
Return control to RDC Operating System 
Initialize the current board 
Enable/disable printer 
Allow single step through interrupts 



INTERCONNECT 
CABLE SET 



CONFIGURATIONS 

The RDC Personality Sets for the R6500/* Microcomputers, 
shown in the chart below, include one Personality Module Con- 
troller (PMC), two Personality Emulator Pod Modules, a Device 
Adapter, an In-Circuit Emulation Probe assembly, an intercon- 
nect cable set, and the required software and support docu- 
mentation. The RDC Personality Sets are available either bundled 
with an 8K Target RAM (the 100 series part numbers in the table 
below) or unbundled without the 8K Target RAM (the 300 series 
part numbers below): 

R6500/* Personality Sets 



Part Number 


Description 


RDC-101 or-301 
RDC-102or-302 
RDC-111 or -311 
RDC-112or-312 
RDC-121 or-321 
RDC-122or-322 
RDC-131 or-331 
RDC-13^or-332 
RDC-141 or -341 
RDC-142or-342 
RDC-151 or -351 
RDC-152 or -352 
RDC-161 or -361 
RDC-162or-362 


R6500/1 IP Personality Set, 1 MHz 
R6500/1 1 AP Personality Set, 2 MHz 
R6500/12Q Personality Set, 1 MHz 
R6500/12AQ Personality Set, 2 MHz 
R6500/1 30 Personality Set, 1 M Hz 
R6500/13AQ Personality Set, 2 MHz 
R6500/41 P Personality Set, 1 MHz 
R6500/41AP Personality Set, 2 MHz 
R6500/42Q Personality Set, 1 MHz 
R6500/42AQ Personality Set, 2 MHz 
R6500/43Q Personality Set, 1 MHz 
R6500/43AQ Personality Set, 2 MHz 
R6500/1P Personality Set, 1 MHz 
R6500/1AP Personality Set, 2 MHz 




u 



PERSONAUTY MODULE 
CONTROLLER 



PERSONALITY 
EMULATOR POD 
BOARD HOUSING. 
ONE INCLUDED 
WITH EACH SET 



IN-CIRCUIT 
EMULATION 
PROBE ASSEMBLY 
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DEVICE ADAPTERS 

The Adapter/Emulator Devices are used to reconfigure RDC- 
1XX Personality Sets for use with other R6500/* Microcompu- 
ters. They replace the Adapter/Emulator Devices in the Person- 
ality Emulator Pod Module and contain the desired emulator 
device. 



IN-CIRCUIT EMULATION PROBES 

The In-Circuit Emulation Probe assemblies used to reconfigure 
the RDC-1XX Personality Sets for use with other R6500/* 
Microcomputers are shown in the chart below. 



Part Number 


Description 


RDC-211 


Adapter/Emulator Device 




{R6511Q) for R6500/1 1/12/13, 1 MHz 


RDC-212 


Adapter/Emulator Device 




(R651 1 AQ) for R6500/1 1/12/13, 2 MHz 


RDC-221 


Adapter/Emulator Device 




(R6541AQ) for R6500/41/42/43, 1 MHz 


RDC-222 


Adapter/Emulator Device 




(R6541AQ) for R6500/41/42/43, 2 MHz 


RDC-231 


Adapter/Emulator Device 




(R6500/1EC) for R6500/1, 1 MHz 


RPC-232 


Adapter/Emulator Device 




(R6500/1EAC) for R6500/1, 2 MHz 



Part Number 


Description 


RDC-200 
RDC-201 
RDC-202 
RDC-203 
RDC-204 
RDC-205 
RDC-206 


40-Pin Probe and cable for R6500/11P.' 

Prerequisite, RDC-21 1 or -21 2 

64-Pin Probe and cables for R6500/12Q. 

Prerequisite, RDC-211 or -212 

64-Pin Probe and cables for R6500/13Q. 

Prerequisite, RDC-211 or -212 

40-Pin Probe and cable for R6500/41R 

Prerequisite, RDC-221 or -222 

64-Pin Probe and cables for R6500/42Q. 

Prerequisite, RDG-221 or -222 

64-Pin Probe and cables for R6500/43Q. 

Prerequisite, RDC-221 or -222 

40-Pih Probe and cable for R6500/1P 

Prerequisite, RDC-231 or -232 
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RDC-502 AND RDC-504 

ROCKWELL DESIGN CENTER 

R6502-R65C02 PERSONALITY SET 



INTRODUCTION 

The RDC R6502-R65C02 Personality Set is a Rockwell Design 
Center (RDC) option that allows the RDC user to develop, debug 
and verify programs intended for use by any R6500 one-chip 
microprocessor system. The R6502-R65C02 offers the user a 
high performance development system specifically designed for 
emulation of a microprocessor system. This RDC option supports 
in-circuit emulation for the entire R6500 and R65C00 family of 
one-chip microprocessors. 

The basic R6502-R65C02 Personality Set includes a Personality 
Module Controller (PMC), two Personality Emulator Pod Modules, 
five emulator devices (R6502, R6512, R65C02, R65C102, and 
R65C112), two prototype-to-pod interface cables, an RDC inter- 
connect cable set, and the required software and support 
documentation. 

The R6502-R65C02 Personality Set provides the RDC with a dual 
CPU capability This added feature permits the RDC CPU to 
maintain control, even while the microprocessor is executing a 
program, thus providing the user with complete control over the 
development process. 

The R6502-R65C02 Personality Set can be expanded to include 
four separate emulation systems which can be run concurrently 
on the RDC. 



FEATURES 

• Disk based macro assembler and debug monitor 

• Provides 8K or 64K RAM In system (optional) 

• Supports 65K address range in target environment 

• Five hardware breakpoints with SYNC outputs 

• User defined external break signal 

• Single step through interrupts 

• Supports four simultaneous target developments 

• No zero page address conflicts 

• Power down capability 

• RAM write protection 

• User or system supplied power and clock 

• Real-time in-circuit emulation 

• Menu-driven Softkey command selection 





RDC R6502-R65C02 Personality Set 



Document No. 29655N11 
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System Interconnection 



RUN MODE/CONTROLLED EXECUTION 
COMMAND SUMMARY 

The R6502-R65C02 Personality Set is designed to allow R650X, 
R651X or R65XXX devices to execute independent of the RDC. 
Thus, while the emulator is executing code, the RDC CPU is 
still in operation. This allows certain functions to be performed 
by the RDC CPU without disturbing the execution of the emulator 
device. 

RUN MODE COMMANDS 

The R6502-R65C02 debug monitor allows certain commands 
to be performed while the emulator is in the Run mode. The Run 
Mode commands are highlighted as follows: 



CONTROLLED EXECUTION MODE COMMANDS 

The Controlled Execution Mode commands are divided into five 
groups, as follows: 



Description 



RUN MODE COMMANDS 
Issue Reset 

Examine or Modify Hardware Breakpoint 
Exit Run Mode 

Return to RDC Operating System 
Select a New PMC Module 
Enable/Disable the System Pointer 
Halt/Resume Run 



Description 



COMMANDS TO DISPLAY MEMORY OR REGISTERS 
Display or alter sixteen selected memory locations 
Display or alter next sixteen memory locations 
Display or alter previous sixteen memory locations 
Examine/modify RAM and I/O one byte at a time 
Dump memory in Hex and ASCII format 
Invoke disassembler 
Display or alter register contents 

COMMANDS TO SET l>ROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 
Enable or disable single step mode 
Set or modify hardware breakpoint 



6-14 



RDC-50X 



RDC R6502-R65C02 Persdnality Set 



Description 



COMMANDS TO TRACE PROGRAM FLOW 
Toggle instruction trace on or off 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 

DISK FUNCTIONS 

Special disk functions 
Display disk directory 
Delete file 

MISCELLANEOUS COMMANDS 
Write protect memory blocks 
Load object code 
Start execution of user's program 
Issue RESET 

Verify object code against memory 
Return control to RDC Operating System 
Initialize the current board 
Enable/disable printer 
Allow single step through Interrupts 



CONFIGURATIONS 

The RDC Personality Sets for the R6502-R65C02 Micro- 
processors, shown in the chart below, includes one Personality 
Module Controller (PMC), two Personality Emulator Pod 
Modules, one Emulator Device set, an interconnect cable set, 
and the required software and support documentation. 

R6502-R65C02 Personality Sets and Memory 



Part Number 


Description 


RDC-502 
RDC-504 

RDC-1011 
RDC-1012 


R6502-R65C02 Personality Set, 1-2 MHz 
R6502-R65C02 Personality Set, 4 MHz 

8K RAM Target Memory, 1-2 MHz only 
64K RAM Target Memory, 1-4 MHz 



PMC TO EPM2 
INTERCONNECT 
CABLE 
(50 PIN) 



EPM1 TO EPM2 
60-PIN 

INTERCONNECT 
CABLE 



PMC TO EPM1 
INTERCONNECT 
CABLE 
(60 PIN) I 





PERSONALITY MODULE 
CONTROLLER (PMC) 



EMULATOR POD 
MODULE NO. 1 (EPM1) 



28-PIN 
PROTOTYPE-TO-POD 
INTERFACE CABLE 



40-PIN 
PROTOTYPE-TO-POD 
INTERFACE CABLE 



EMULATOR POD 
MODULE HOUSING 
ONE INCLUDED 
WITH EACH SET 



Typical R6502-R65C02 Personality Set Hardware Components 
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R6502-R65C02 Personality Set Component List 



QUANTITY 


ITEM 


DESCRIPTION 


1 


PMC Module 


Controller module that plugs into the RDC Mainframe. 


1 


Emulator Pod 
Module Assembly 


Pod that contains EPM-1 and EPM-2, a short ribbon cable, a six-wire power cable, 
and the R6502 Emulator Device. 


1 


Emulator Package 


Package contains the R6512, R65C02, R65C102 and R65C112 Emulator devices 
and 5 jumper headers for the 28-pin processors. 


2 


PMC to Pod 

Interface Ribbon Cables 

(Long Length) 


One cable with 60-pin connector on each end with one cable with a 50-pin 
connector on each end. 


2 


Prototype-to-Pod 
Interface Cables 
(Medium Length) 


One of two possible configurations; 

a. One ribbon cable with 40-pin connectors on each end. Used for emulating the 
R6502, R6512, R65C02, R65C102 or R65C112. 

b. One cable with a 28-pin connector on each end. Used for emulating the R6503, 
R6504, R6505, R6506, R6507, R6513, R6514 or R6515. 



6-16 



RDC-2000 

Microcomputer Development Systems 
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FOR INTEL DEVELOPMENT SYSTEM 



CROSS ASSEMBLY 

The R6500 Cross Assembler provides the user with the capa- 
bility of developing assembly language programs on the Intel 
Development System and downloading these programs to the 
Rockwell Design Center (RDC) for debugging and in-circuit 
operation. 

The process of translating microprocessor instructions for a 
computer program written in symbolic form to executable 
machine instructions is called an assembly, and the computer 
program that performs this translation is called an assembler. 
Assemblers that run on a host computer different from the target 
computer that the generated machine code is to operate in are 
called cross assemblers. One assembly language statement 
usually translates into a single processor instruction. Each 
statement consists of a label (if required), a mnemonic operation 
code, an operand (if required), an arithmetic operator (if required) 
and an optional comment. Constants comprising one or more 
bytes of memory are generated from data statements while one 
or more bytes of memory are assigned to variables. This cross 
assembler is a symbolic assembler that allows the programmer 
to represent memory locations and numeric values with names 
or symbols. 

PRODUGT OVERVIEW 

The R6500 Cross Assembler for the Intel Development System 
allows users who have access to such a system and are accus- 
tomed to its text editor (ISIS CREDIT) to enter and edit source 
code, assemble the program and save both the source and 
object code on floppy disk. The object code can then be loaded 
into a Rockwell Design Center (RDC) for program debugging 
and in-circuit validation using an R6500, R6500/* or R65C00 
Personality Set. Up to four personality sets can be installed in 
one RDC Main Frame to maximize the utility of one Intel Devel- 
opment System and RDC. The object code can also be pro- 
grammed Into PROM/ROM for execution by an R6500 NMOS 
or R65C00 CMOS microprocessor or masked in R6500/* NMOS 
one-chip microcomputer ROM for execution. 

The disk-based R6500 cross assembler is a two-pass syrnbolic 
assembler which produces absolute 6500 object code. It per- 
forms symbol (1-6 characters) definition, syntax checking, 
assembly/symbol table listings and cross reference generation 
for effective program development. Assembler operatbn is 
automatic once started. 

The assembler outputs to the console the pass it is currently 
performing and a dot for every 16 lines of source code assem- 
bled. This enables viewing of the assembly process and obser- 
vation of detected errors. List (.LST), object (.OBJ), and symbol 
(.SYM) files are automatically generated with the source name 
assigned as the header and the particular extension added. 



FEATURES 

• Intel Development System Host 

• Supports Rockwell's 8-blt CPU devices: 
— R6500 NMOS microprocessor family 
— R6500/* NMOS microcomputer family 
— R65C00 CMOS microprocessor family 

• Symbolic notation — operands and labels 

• Interactive assembler operation 

• Operator selected object code output devices 
—Display/printer 

— Printer 
—Floppy Disk 
—Download to RDC 

• Operator selected assembly/error listing output 
—Display/ Printer 

—Printer 
—Floppy Disk 

• Assembler directives 

• Symbolic cross-reference 

• Communications support— downloading of object code 



ORDERING INFORMATION 



B 



Part No. 


Description 


RDC-2000 


R6500 Cross Assembler for Intel Development 
System Disk (8" ISIS II compatible disk) 


Order No. 


Description 


RDC02 


R6500 Cross Assembler for Intel Development 
System User's Manual (included with RDC-2000) 



SYSTEM REQUIREMENTS 

The Intel Development System must provide 64K bytes of 
memory and the Dual-Density Drive option to support the R6500 
Cross Assembler. 32K bytes are then available for application 
source code. The other 32K bytes contain the ISIS system (14K) 
and the cross assembler (18K). 
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Assembler Directives 










Assembly Listing Control 






Data Storage 




.TTL Title 


.WIDTH 


Line Length 


.BYTE 


Initialize byte memory location 


.PAGE Page 


.SKIP 


Skip ' 


.WORD 


Generate 16-bit address 


.LINE Page Length 






.DBYTE 
.SBYTE 


Generate 16-bit data word 
Initialize ACSII string 


Source File Control 










.END End of Assembly 






Equate 




.MOD Assembly Type 






= 


Assign value to symbol 



Error Codes 

Pass 1 

1 OPERAND VALUE IS INVALID OR GT HEX FFFF 

2 OPERAND VALUE IS GREATER THAN HEX FFFF 

3 INCORRECT ADDRESSING MODE 

4 SYMBOL NOT PREVIOUSLY DEFINED 

5 NO OPERAND 

6 ASCII STRING NOT PROPERLY ENCLOSED 

7 MISSING .END STATEMENT 

8 UNDEFINED ASSEMBLER DIRECTIVE 

9 IMPROPER EQUATE FORMAT 

10 UNRECOGNIZABLE ASTERISK DEFINITION 

1 1 INDIRECT ADDRESSING OFF OF ZERO PAGE 

12 INCORRECT FORM OF INDIRECT ADDRESSING, MISSING Y 

13 INCORRECT FORM OF INDEX ADDRESSING, MISSING X 

14 OPERAND MUST BE ON ZERO PAGE (00-$FF) 

15 ILLEGAL INSTRUCTION FOR THIS ASSEMBLER 



Pass 2 

1 .MOD DIRECTIVE MUST BE FIRST LINE ON LISTING 

2 INCORRECT FORMAT OF INDEX ADDRESSING, MISSING X 
ORY 

a MISSING RIGHT PARENTHESIS 

4 LABEL LONGER THAN 6 CHARACTERS 

5 LABEL IS DEFINED MORE THAN ONCE 

6 RELATIVE BRANCH IS OUT OF RANGE 

7 ILLEGAL OR MISSING OPCODE 

8 OPERAND LABEL IS DEFINED MORE THAN ONCE 

9 SYMBOL TABLE FULL 

10 MISSING LABEL FOR EQUATE 

1 1 OPERAND LABEL GREATER THAN 6 CHARACTERS LONG 

12 .MOD VALUE IS INCORRECT FOR THIS ASSEMBLER 

13 OPERAND NOT BETWEEN 0-7 

14 SYMBOL HAS ILLEGAL CHARACTER OR IS GREATER THAN 
ZIJFFF 



Operators 



Prefix Character 

(none) 
$ 
@ 

% 



Base 

10 (Decimal) 
16 (Hexadecimal) 

8 (Octal) 

2 (Binary) 



Constants (Prefix) 

Operator 

+ 

> 
< 


Operation 

Addition 
Subtraction 
High-Byte Selection 
Low-Byte Selection 



I 



6-18 



M65-1XX*M65-2XX 

Microcomputer Development Systems 




M65-1XXAND M65-2XX 

SYSTEM 65 

R6500r PERSONALITY SET 



INTRODUCTION 

The Rockwell R6500/* Personality Set is a System 65 Devel- 
opment System option that allows the System 65 user to develop, 
debug and verify special programs intended for use by any 
R6500 one-chip microcomputer system. The R6500/* offers the 
user a high performance development system specifically 
designed for emulation of a microcomputer system. This System 
65 option supports in-circuit emulation for the entire R6500 
family of one-chip microcomputers. 

The basic R6500/* Personality Set includes a Personality Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
interconnect cable set, and the required software and support 
documentation. 

The R6500/* Personality Set provides the System 65 with a dual 
CPU capability. This added feature permits the System 65 CPU 
to maintain control, even while the R6500/* is executing a pro- 
gram, thus providing the user with complete control over the 
development process. 

The R6500/* Personality Set can be expanded to include four 
separate emulation systems which can be run concurrently on 
the System 65 Development System. 



FEATURES 

• Disk based macro assembler and debug monitor 

• Provides 8K RAM in system 

• Supports 65K address range in target environment 

• Two hardware breakpoints with SYNC outputs 

• User defined external break signal 

• Single step through interrupts 

• Supports four simultaneous target developments 

• No zero page address conflicts 

• Power down capability 

• RAM write protection 

• User or system supplied power and clock 

• Real-time in-circuit emulation 

RUN MODE/CONTROLLED EXECUTION 
MODE COMMANDS 

The R6500/* Personality Set is' designed to allow the R6500/* 
to execute independent of the System 65. Thus, while the 
R6500/* is executing code, the System 65 CPU Is still in op- 
eration. This allows certain functions to be performed by 
the System 65 CPU without disturbing the execution of the 
R6500/*. Tables 1 and 2 list the commands for the Run Mode 
and Controlled Execution Mode respectively. The R6500/* debug 
monitor allows certain commands to be performed while the 
R6500/* is in the Run mode. 



B 




System 65 R6500/* Personality Set 
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Table 1. Run Mode Commands 



ORDERING INFORMATION 



Command 


Description 


1 


Issue reset 


C 


Examine or modify hardware breakpoint 


Q 


Exit run mode 


ESC 


Return to System 65 monitor 


F 


Select a new PMC board 


• 


Give board number/emulator model 


$ 


Enable/disable the system pointer 


<SPACE> 


Halt/resume run 



Table 2. 


Controlled Execution Mode Commands 


Command 


Description 


Commands 1 


o Display IMemory or Registers 


M 


Display sixteen selected memory locations 


<SPACE> 


Display next sixteen memory locations 


- 


Display previous sixteen memory locations 




Examine/modify RAM and I/O one byte at a time 


U 


Dump memory in Hex and ASCII format 


, 


Invoke disassembler 


R 


Display register contents 




/ 


Alter memory location 


* 


Alter program counter 


A 


Alter accumulator 


X 


Alter X register 


Y 


Alter Y register 


P 


Alter processor status 


S 


Alter stack pointer 


Commands 


to Set Program Breakpoints 


B 


Set or reset software breakpoint addresses 


4 


Enable or disable single step mode 


? 


Show all software breakpoint addresses 


# 


Clear all software breakpoints 


C 


Set or modify hardware breakpoint 


Commands 


to Trace Program Flow 


z. 


Toggle instruction trace on or off 


V 


Toggle register printout on or off 


J 


Show register form for printout 


H 


Show last nine instruction addresses 


Disl« Functic 


ms 


1 


Special disk functions 


2 


Display disk directory 


3 


Delete file 


IMisceilaneoi 


js Commands 


W 


Write project memory blocks 


L 


Load object code 


G 


Start execution of user's program 


D 


Dump memory 


1 


Issue RESET 


K 


Verify object code against memory 


Q 


Return control to System 65 


7 


Reinitialize R6500/1 Monitor either from 




System 65 or R6500/i Monitor 


8 


Reenter R6500/1 Monitor from System 65 


E 


Enter the Text Editor 


T 


Reenter the Text Editor 


N 


Invoke the Assembler 


F 


Select a new PMC board 





Initialize the current board 


S 


Enable/disable printer } 




Give board number/emulator model 


ESC 


Stop on-going process 


+ 


Allow single step through interrupts 



R6500r Personality Module Sets 


Part Number 


Description 


M65-101 


R6500/1 1 P Personality Set, 1 MHz 


M65-102 


R6500/11AP Personality Set, 2 MHz 


M65-1 1 1 


R6500/12Q Personality Set, 1 MHz 


M65-112 


R6500/12AQ Personality Set, 2 MHz 


M65-121 


R6500/13Q Personality Set, 1 MHz 


M65-122 


R65G0/13AQ Personality Set, 2 MHz 


M65-131 


R6500/41P Personality Set, 1 MHz 


M65-132 


R6500/41AP Personality Set, 2 MHz 


M65-141 


R6500/42Q Personality Set, 1 MHz 


M65-142 


R6500/42AQ Personality Set, 2 MHz 


M65-151 


R6500/43Q Personality Set, 1 MHz 


M65-152 


R6500/43AQ Personality Set, 2 MHz 


M65-161 


R6500/1 P Personality Set, 1 MHz 


M65-162 


R6500/1AP Personality Set, 2 MHz 



Adapter/Emulator Devices ^""^ 



Part Number 


Description 


M65-21 1 


Adapter/Emulator Device 

{R6511Q) for R6500/11/12/13, 1 MHz 


M65-212 


Adapter/Emulator Device 

(R6511AQ) for R6500/11/12/13, 2 MHz 


M65-221 


Adapter/Emulator Device 

(R6541Q) for R6500/41/42/43, 1 MHz 


M65-222 


Adapter/Emulator Device 

{R6541AQ) for R6500/41/42/43, 2 MHz 


M65-231 


Adapter/Emulator Device 
(R6500/1EC) for R6500/1, 1 MHz 


M65-232 


Adapter/Emulator Device 
{R6500/1EAC) for R6500/1, 2 MHz 


Note: 


t. Used to reconfigure M65-1XX Personality Sets for use with 
other R6500/* Microcomputers. Replaces Adapter/Emulator 
Device in Personality Emulator Pod Module. 



In-Circuit Emulation Probes/^^ 



Part Number 


Description 


M65-200 


40 Pin Probe and cable for 

R6500/1 1 P. Prerequisite, M65-21 1 or 21 2 


M65-201 


64 Pin Probe and cables for 
R6500/12Q. Prerequisite, M65-211 or 212 


M65-202 


64 Pin Probe and cables for 

R6500/1 30. Prerequisite, M65-21 1 or 21 2 


M65-203 


40 Pin Probe and cable for 

R6500/41 P. Prerequisite, M65-221 or 222 


M65-204 


64 Pin Probe and cables for 
R6500/42Q. Prerequisite, M65-221 or 222 


M65-205 


64 Pin Probe and cables for 
R6500/43Q. Prerequisite, M65-221 or 222 


M65-206 


40 Pin Probe and cable for 

R6500/1 P. Prerequisite, M65-231 or 232 


Note: 

1. Used to recor 
other R6500/* 


ifigure M65-1XX Personality Sets for use with 
Microcomputers. 
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LONG 50 PIN 
RIBBON CABLE 



p4, 



\. 



LONG 40 PIN 
RIBBON CABLE 



\. 







PMC BOARD 



PMC BOARD PLUGS 
INTO SYSTEM 65, 
ANY AVAILABLE SLOT 




NOT USED 
_- A 




EMULATION POD 
J^ BOARD 1 



W^ 



ADA PTER 
J10 Js 



SHORT 
RIBBON 
CABLE " 



J9 



f MEDIUM LENGTH 
60 PIN RIBBON 
CABLE 



^MEDIUM 

^ LENGTH 

34/50 PIN 

RIBBON 

CABLE 



j1 EMULATION POD 

BOARD 2 



^ 6 WIRE 
POWER 
CABLE 



^OPTIONAL 
CONNECTOR FOR 
E, F AND G 
PORTS 



System Interconnection 



INTERCONNECT 
CABLE SET 



PERSONALITY MODULE 
CONTROLLER 



PERSONALITY 
EMULATOR POD 
MODULE NO. 2 



PERSONALITY 
EMULATOR POD 
MODULE NO. 1 




, IN-CIRCUIT 
EMULATION 
PROBE ASSEMBLY 
Basic R6500/* Personality Set 



PERSONALITY 
EMULATOR POD 
BOARD HOUSING. 
ONE INCLUDED 
WITH EACH SET 
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ADDITIONAL PROBES AND ADAPTERS 
SELECTION GUIDE 

If you already have a System 65 Personality Set for a member 
of the R6500/* family ypu need not purchase a complete new 
set to support another member of the family. The following 
matrix shows the minimum probes and adapters that need to 



be purchased to reconfigure your set for another R6500/* device. 
Select the device now being supported in the FROM row, find 
the device you wish to support in the TO column. The P/N's in 
the intersection will reconfigure your Personality Set. 



TO 


y^y^y^^yZ-^^^X 


R6500/11P 




M65-200 


M65^200 


M65-211 
or 212 

M65-200 


M65-211 
or-212 

M65^200 


M65-21 1 
or-212 

M65-200 


M65-211 
or-212 

M65-2O0 




R6500/12Q 


M65-201 




M65-201 


IVI65-211 
or-212 

IVI65-201 


M65-211 
or-212 

M65-201 


M65-21 1 
or-222 

M65-201 


M65-21 1 
or-212 

M65-201 




R6500/13a 


M65-202 


M65-202 




M65-211 
or 212 

M65-202 


M65-211 
or-212 

M6&202 


M65-211 
or-212 

M65-202 


M65-211 
or-212 

Me5-202 




R6500/41P 


M65^221 
or 222 

M65-203 


M65-221 
or 222 

M65-203 


M65-221 
or 222 

M65-203 




M65-203 


M65-203 


M65-221 
or-222 

M65-203 






M65.221 
or 222 

M65-204 


M65.221 
or 222 

M65^204 


M65-221 
or-222 

M65-204 


M65-204 




M65-204 


M65-221 
or-222 

M65-204 




R6500/43Q 


M65-221 
or 222 

M65-205 


M6&^221 
or 222 

M65-205 


M65-221 
or 222 

M65-205 


M65-205 


IVI65-205 




M65-221 
or 222 

M65-205 




R6500/1P 


M65-231 
or 232 

M65-206 


M65^231 
or 232 

M65^206 


M65-231 
or-232 

M65-206 


M65-231 
or-232 

IVI65^206 


M65-231 
or 232 

M6&206 


M65-231 
or-232 

M64-206 
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OVERVIEW 

The USER 65 Module permits users developing R6500-based 
products to extend the full power of System 65 Development 
System into their equipment for in-circuit emulation. Available 
In both 1- and 2-MHz versions (M65-001 and 002), USER 65 
supports all ten R6500 CPU's. M65-003 configuration is without 
the controller. 

USER 65 consists of two modules— a Host Module and a Buffer 
Module— and two interconnect cables. The USER 65 Host 
Module replaces the CPU Module in the System 65 chassis; it 
performs all CPU Module functions, plus several external func- 
tions. The USER 65 Buffer Module extends the System 65 bus 
lines (address, data, and control) to the user equipment. 

FUNCTIONAL DESCRIPTION 

USER 65 HOST MODULE 

The USER 65 Host Module shown in block diagram replaces 
the CPU Module in the System 65 chassis. It is capable of per- 
forming all functions of the CPU Module, plus external address 
selection, automatic power up, and external clock selection. The 
Host Module interface signals are listed in Table 1. 

The heart of the Host Module is the R6502 (Z11) micropro- 
cessor. It controls all functions of the System 65 and the user's 
external equipment. Crystal Y1 (1 or 2 MHz) generates the 
internal clock for the R6502 CPU. Switch S3 is used to select 
either the internal generated clock or an externally provided 
clock input. 

I USER BUFFER MODULE BUS tINES I 



INT/EXT 

CLOCK SEL. *— 

SWITCH 



CPU IRSS02) 



AUTO 

TOWER-UP 

RESET 



. ? J 



BAUD BAUD 

RATE RATE 

SWITCH CLOCK 



o 



SYSTEM BUS LINES (ON MOTHERBOARD) 




USER 65 Host Module Functional Block Diagram 



M65-001 USER 65 Module 

The Host Module has automatic power-up circuit consisting of 
an NE555 timer (Z3) and associated discrete capacitors and 
resistors. This circuit will generate a 100 msec reset pulse fol- 
lowing power-up. 

The Host Module also contains the RS-232C and TTY baud rate 
generator circuitry. Crystal Y2 (1.8432 MHz) and baud rate gen- 
erator MCI 4411 (Z13) generate a baud rate clock. The Clock 
rate is multiplied by 16 (xl6) to provide a selectable output 
baud rate from 1 10 to 9600. Switch S4 and the SN74152 (Z12) 
select the baud rate. This output is then provided to the System 
65 bus to be used by the Monitor Module. 

The internal/external address selection is based on a decode of 
A15-A12, using an SN74159N (Z1) decoder. This device has 
sixteen active low outputs. Each output represents a 4K address 
space and is selected by Switches S1 and S2. The outputs are 
ORed together and inverted by SN7406 (Z2). This enable signal 
is then gated with R/W signal to form a READ signal and a 
WRITE signal, which are used in the USER 65 Buffer Module. 

The address lines and control lines J01, 02, DMA, and SYNC are 
buffered with I.e. 's 8T97 (Z8-Z10, Z5). The data lines are 
inverted and t)uffered with I.C.8T26 (Z6, Z7). All of these lines 
are brought to the System 65 bus and are also taken out to the 
USER 65 Buffer Module through series terminators (A1-A4). 

The Control lines S.O., RDY, RES, NMI, IRQ are brought to the 
System 65 bus and are also brought from the USER 65 Host 
Module, then buffered with open collector buffers SN7407(Z15). 
These Inputs come only from the user's equipment; the RESET 
switch on the front panel will not reset the external equipment. 
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System 65 bus line DMA is used to control the address and data 
bus lin es. Th is line is pulled up internally with a 3K resistor. By 
pulling DMA low, the address, data and R/W tines are set to the 
float state, allo wing a n external board to control thenn for DMA 
operations. The DMA line does not stop the CPU—this rnust be 
done by controlling the RDY line as outlined in the R6500 
Microprocessor Data Sheet Order No. D39. 

USER 65 BUFFER MODULE 

The USER 65 Buffer Module receives the address, data and 
control lines from the USER 65 Host Module, buffers these sig- 
nals and interfaces them to the user's equipment. 

The address lines, SYNC and R/W lin es ar e buffered with I.C.'s 
8T97 (Z1-Z3). The control lines RDY, RES, NMI, IRQ, and S.O. 
are buffered with open collector I.C.'s SN7407 (Z4). The data 
lines are inverted and buffered with I.C.'s 8T26A (Z7 and Z8). 
They have series terminators of 150 ohms (Z9). 

The J01 and 02 clocks are buffered by 8T97 (Z5). To use an 
external clock, jumper N must be installed. To use 01 , jumper 
M must be installed. The DBE signal is provided for use during 
emulation of the R6512 CPU. This line has an internal pullup 
resistor of 3K. When brought low it will disable the data bus 
drivers. 

Two other signals, READ and WRITE, are buffered by Z5. The 
READ^gnal is generated by the Host Module and is high when 
the R/W line is high and an external address is active. The 
WRITE signal, also generated by the Host Module, is high when 
R/W line is low and an external address is active. These two 
lines control the data bus buffers Z7 and Z8. 

Table 1. USER 65 Host Board to Buffer 
Board Interface Signals 



CONNECTOR Jl 


CONNECTOR J2 


PIN 


SiqNAL 


PIN 


SIGNAL 


1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 


AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

A1.4 

A15 

SYNC 

R/W 

RDY 


1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 


EXT. CLOCK 
02 

01 

GATED READ 

GATED WRITE 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

+5V 

+5V 

+5V 

+5V 

+5V 

+5V 

+5V 


III lis 


Note: Even-nufnbered pins are connected to Ground. | 



BUS LINES TO/FROM USER EQUIPMENT 
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USER 65 BUS LINES 



USER 65 Buffer Module Functional Block Diagram 
USER 65 CABLES 

The cable assembly supplied with the USER 65 option provides 
the signal paths between the USER 65 Host and Buffer Mod- 
ules, and between the Buffer Module and the user's equipment. 
Since the USER 65 option is designed to emulate all versions 
of the R6500 Family of CPU's, both a 40-pin cable and two 28- 
pin types of cables are provided. 

INSTALLATION 

USER 65 HOST MODULE 

Install the USER 65 Host Module in the System 65 as follows: 

1 . Turn System 65 power off. 



CAUTION 

Never install or remove modules with System 65 power 
on— it may cause damage to the module and/or to the 
system. 

2. Riempve the top cover of the System 65. 

3. Remove the CPU Module. 

4. Set switches S1, S2, S3 and S4 on the USER 65 Host 
Module per Table 2. The switch positions are shown in Fig- 
ure 1. 

5. Plug the USER 65 Host Module into any convenient slot in 
the System 65 chasis. 

6. Route the cables from the Buffer Module through the back 
panel of System 65, through the slot provided. 

7. Connect the 40- and 50-pin cables from the Buffer Module 
to the top of the Host Module (the connectors are keyed with 
arrows). 
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CLOCK SELECT SWITCH s. 




^BAUD RATE SELECT SWITCH 




Figure 1. 
Table 2. USER 65 Host Module Switches 



USER 65 Host and Buffer Modules 



S1/S2 



ADDRESS SELECT 

These switches determine whether address selection is 
internal or external for each 4K byte portion of mem- 
ory space. External memory is selected when the switch 
is ON, internal memory is selected when the switch is 
OFF. 



51 Switch 

1 
2 
3 
4 
5 
6 
7 
8 

52 Switch 

1 
2 
3 
4 
5 
6 
7 
8 



Address Range 



$0000 
$1000 
$2000 
$3000 
$4000 ■ 
$5000 ■ 
$6000 • 
$7000 



$OFFF 
$1FFF 
$2FFF 
$3FFF 
$4FFF 
$5FFF 
$6FFF 
$7FFF 



Address Range 

$8000-$8FFF 
$9000-$9FFF 
$AO00.$AFFF 
$BOOO-$BFFF 
$COOO-$CFFF 
$DOOO-$DFFF 
$EOOO-$EFFF 
$FOOO-$FFFF 



CLOCK SELECT 

Switch S3 selects either the SYSTEM 65 clock (INT) 
or an external, user-supplied clock (EXT). If an exter- 
nal supplied clock is used, the frequency must be 
1 or 2 MHz + 1% if operation of the SYSTEM 65 
mini-floppy disks is required. It must always be a 
TTL level, square wave, clock input. 



BAUD RATE SELECT 

This switch determines the baud rate for either the 
RS-232C or TTY ports. Switch settings are: 



(S4) POSITION 


BAUD RATE 





1T0 


1 


150 


2 


300 


3 


600 


4 


1200 


5 


2400 


6 


4800 


7 


9600 



8. Set switches 81 and S2 on the RAM Module per Tables 3 
and 4 to enabje/disable and to select the address range of 
the internal System 65 RAM. 

NOTE 

If external RAM adddresses are selected on the USER 65 
and the same addresses are selected and enabled on the 
System 65 internal RAM board(s), the internal RAM will 
override and prevent proper operation of the external 
RAM. 

9. Install the top cover. 



Table 3. RAM Module Enable/Disable 
Switch Definition 



Switch S1/S2-4 Position 


RAM Enable/Disable State 


Up 
Down 


RAM Disabled (Deselected) 
RAM Enabled (Selected) 




Table 4. RAM Address Range Select 
Switch Settings 



Switch S1/S2 Position 


8K Address Range Selected 


-1 


-2 


-3 


Up 

Down 

Up 

Down 

Up 

Down 

Up 

Down 


Up 

Up 

Down 

Down 

Up 

Up 

Down 

Down 


Up 

Up 

Up 

Up 

Down 

Down 

Down 

Down 


$0000 - $1FFF 
$2000 - $3FFF 
$4000 - $5FFF 
$6000 - $7FFF 
$8000 - $9FFF 
$A000- $BFFF 
$C000- $DFFF 
$E000- $FFFF 


Note: "Up" is toward the top edge of the module 
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USER 65 BUFFER MODULE 

Since the Buffer Module is designed to support all CPU's in tlie 
R6500 family, specific jumpers br straps must be inserted to 
support the exact CPU being emulated. Tal3le 5 gives the strap- 
ping requirements. Jumper locations are shovyn in Figure 1. 

The Buffer Module has two modes for the R/W line. For 40-pin 
CPU emulation (R6502 and R6512), the R/W line is connected 
to the user's equipment as is. Since the 28-pin CPU's do not 
provide all the address lines to the user's equipinent, address 
conflicts can occur during System 65 Monitor execution. A gated 
R/W line is provided to prevent these conflicts; this line is nor- 
mally high, and goes low only when an external address is pres- 
ent and R/W is low. 

The Buffer Module also has straps for clock selection. One strap 
allows the 01 (OUT) signal to go to the user's equipment. The 
other strap is used to allow an external clock [00 (IN) or J02 (IN)] 
to be used. Switch S3 on the Host Module must be set to EXT 
when the external clock is used. 

The Buffer Module is provided with three sockets and three 
cabels. The 40-pin socket (J3) should be used for either of the 
40-pin CPU's, R6502 or R6512. The cable labeled PS00-D603- 
001 should be used to connect from J3 to the user's equipment. 
The other two sockets (J4 and J5) are for use with the 28-pin 
CPU's. Table 5 correlates the socket and 28-pin cable*" to be 
used for each of the 28-pin CPU versions. 

The DBE (Data Bus Enable) line for the R6512 is available to 
the user's equipment. There is an internal 3K pullup resistor in 
the Buffer Module, so it can be left open if desired. To disable 
the data output drivers, pull the DBE line low. 

The installation procedure is: 

1. Remove the top of the USER 65 Buffer Module assembly. 

2. Insert the desired jumpers, per Table 5. 

3. Connect either the 40-pin cable to plug J3 or the 28-pin cable 
to plug J4 or J5, as appropriate. 

4. Reinstall the top of the Buffer Module assembly. 

5. Plug the free connector of the cable into the user's equipment. 

NOTE 

Any conductive foam must be removed from the CPU plug 
pins to allow proper System 65 operation even when the 
CPU plug is not connected to user equipment. 

6. Turn System 65 and user's equipment power on. 



Table 5. USER 65 Buffer Module 
Connection Requirements 



User 

Equipment 

CPU 


Buffer 
Module 
Socket 


Cable To 
User Equipment 


Jumper 


Signal 


User's 
CPU 
Pin 


R6502 


J3 


PSOO-D603-001 


R 
M 
N* 


R/W 

01 (OUT) 

00 (IN) 


34 

3 

37 


R6503 


J4 


PS00-D605-001 


P 
B 
D 

E 
F 
A 
N* 


R/W 

RES 

VSS 

IRQ 

NMI 

02 (OUT) 

00 (IN) 


26 
1 
2 
3 
4 
28 
27 


R6504 


J5 


PS00-D605-001 


P 
B 
D 

E ■ 

A 

N* 


R/W 

RES 

VSS 

IRQ 

02 (OUT) 

00 (IN) 


26 

1 

2 

3 

28 

27 


R6506 


J4 


PS00-D605-001 


P 

6 

D ■ 

K 

S 

A 

N* 


R/W 

RES 

VSS 

RDY 

IRQ 

02 (OUT) 

00 (IN) 


26 
1 
2 
3 
4 
28 
27 


R6506 


J4 


PS00-D605-001 


P 

B 

D 

L * 

S 

A 

M 

N* 


R/W 
RES 
VSS 

01 (OUT) 
IRQ 

02 (OUT) 
01 (OUT) 
00 (IN) 


26 
1 
2 
3 
4 

28 
3 

27 


R6507 


J5 


PS00-D605-001 


P 
B 
D 
K 
A 
N* 


R/W 

RES 

VSS 

RDY 

02 (OUT) 

00 (IN) 


26 

1 

2 

3 

28 

27 


R6512 


J3 


PS00-D603-0pl 


R 
N* 


R/W 
02 (IN) 


34 
37 


R6513 


J4- 


PS00-D604-G01 


P 
C 
E 
F 
T 
N* 


R/W 
VSS 
IRQ 
NMI 
RES 
02 (IN) 


26 

1 

3 

4 

28 

27 


R6514 


J5 


PS00-D604-001 


P 
C 
E 
T 

N* 


R/W 
VSS 
IRQ 
RES 
02 (IN) 


26 

1 

3 

28 

27 


R6515 


J4 


PS00-D604-001 


P 
C 
J 

L 
S 
T 
N* 


R/W 
VSS 
RDY 

Frq 

RES 
02 (IN) 


26 
1 
2 

4 
28 
27 


*Jumper N is required with an external clock. Switch S3 on the 
USER 65 Host Module must be positioned to the EXT position 
when the extended clock or frequency reference is used. 
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TYPICAL APPLICATION 

A typical application for the USER 65 module is illustrated. The 
user's system may include any combination of ROM's, PROM's, 
RAM's, I/O devices, and a 40- or 28-pin CPU socket. For 
emulation purposes, the USER 65 module is installed in the 
CPU socket instead of a CPU. The user must provide page 
0($0000-$OOFF) and page 1($0100-$01FF) either internally or 
externally for use by the System 65 Monitor. For system devel- 
opment purposes, the user's ROM may be emulated with one 
or more RAM modules provided in the System 65 chasis. This 
permits easy manipulation, debugging, and reassemt)ly of the 
user's program during the development phase. For editing and 
assembling of the source program, the user may use the System 
65 RAM or may provide his own RAM modules externally. 

The USER 65 module may be used with the System 65 Monitor 
enabled or disabled. With System 65 Monitor enabled, the full 
resources of the System 65 Monitor are available for program 
checkout and debugging. In this mode the System 65 uses 
addresses $COOO-$FFFF; these addresses cannot be used by 
the programmer. 



SPECIFICATIONS 



Parameter 


Value 


Common Specifications 

Operating Frequency. 
Operating Temperature. 
Power Requirements 


1 MHz or 2 MHz 

0° to 70°C 

+5 Vdc ± 5%@ 1.5A 


Host Module Specifications 

Module Dimensions. 
Edge Contacts: 
Edge Contact Signals: 


9.75 in. wide x 7.50 in. high 
86 pins on 0.156 in. centers 
System 65 compatible 


Buffer Module Specifications 

Module Dimensions: 
Cable Lengths: 

To System 65 

To User Equipment 


4.125 in: wide X 7.375 in. high 

60 in. 
12 in. 



USER'S SYSTEM 








SYSTEM 6E 




ROM's 
RAM's 
I/O DEVICES 


USER 65 
BUFFER MODULE 


r 


— INTERNAL 
ROM, 
RAM& 
I/O 


SOCKET-^- 
FOR R6500 
CPU 














USER 65 f ^^ 








"L HOST 


















MODULE 
































USER 65 Module Hook-up 
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M65-031 AND M65-032 
16K STATIC RAM MODULES 



OVERVIEW 

The 16K Static RAM Module contains 16K (16,384) bytes of 
Random Access Memory (RAM), implemented with 32 R2114 
1024 X 4 Static RAM devices and is available In either 1 MHz 
(M65-031) or 2 MHz (M65-032) version. Also included are 
address decoding and selection, write protection and data buff- 
ering circuitry. 

The module's 16K bytes of RAM memory are segmented Into 
two independent 8K-byte sections. Each 8K section is controlled 
by an enable/disable switch and three address range select 
switches, located at the top of the Module. Each 8K section can 
be independently write-protected via special lines. 

The Static RAM Module is directly compatible with the Rockwell 
System 65 Microcomputer Development System, and can be 
used to increase the system's read/write memory capacity from 
16K bytes to 48K bytes, without hardware modification. The 
module may also be installed in user-designed equipment, via 
the Auxiliary Card Cage. 

FEATURES 

• System 65 compatible 

• Available in 1 MHz (450 ns access) and 2 MHz (250 ns 
access) versions 

• 1 6K bytes of Random Access Memory, with two independent 
8K sections 

• Separate write protect capability for each 8K section 

• Static— no clocks or strobes required 

• 9.75 in X 6.00 in. module 

• Single +5V supply 




FUNCTIONAL DESCRIPTION 

The edge connector pin assignments for the RAM Module are 
compatible with the MothertX)ard pin assignments given In Sec- 
tion 4 of the Systeni 65 User's Manual (Document No. 29650 
N35; Order No. 206). 

The RAM Module's 16K bytes of read/write memory are pro- 
vided by 32 R2114 1024 x 4-bit Static RAM devices. 

Address Buffers Z47, Z46 and Z33 and Data Buffers Z32 and 
Z45 present a single TTL load to the Mothertx)ard edge con- 
nector. The data signals are inverted to make them compatible 
with the system 65 Data Bus (D0-D7). 

Module Switches SI andS2 provide independent 8K RAM sec- 
tion enable/disable and address selection. S1-4and S2-4 permit 
each 8K section of RAM to be enabled or disabled. S1-1, -2 
and -3 and S2-1, -2, and -3 select the base address to which 
the respective 8K sections will respond, these switch settings 
are compared to upper address bits A13, A14 and A15 in 
Address Comparator devices Z10 and Z21. The Comparator 
outputs enable or disable 1 -of-8 Decoder devices Z9 and Z20 
to provide the input chip select signals to the two 8K RAM 
sections. 

Write protection is controlled by seven Write Protect lines, WP1- 
WP7, one line for each 8K section of memory (the lowest sec- 
tion, addresses $0000-$1 FPF, may not be write protected; note 
that Z48-2 is tied to ground to permanently enable writing to this 
section). A low voltage on WP1-WP7 enables writing into the 
associated 8K section. 

When the Address Comparator enables the RAM Device Select 
Decoders, Address Select switches S1-1 through S1-3 and 
S2-1 through S2-3 are used by Z35 and Z36 to select one of 
the seven Write Protect lines. The selected line controls the 
RAM Write Control signals, Z34-6 and Z34-8. 



M65-0d1 16K Static RAM Module 



Document No. 29650N46 
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16K Static RAM Modules 



ADDRESS SELECT 
AND ENABLE/DISABLE 
SWITCHES 



WP1-WP7 



J Isi/S2 



CHIP 

SELECT 

LOGIC 



I 




R/W/02 



CONTROL 
BUFFER 



V 



DATA 
BUFFER 



ADDRESS 
BUFFER 



A 



Tr/w Jo 



D0-D7 



A0-A15 



SYSTEM 65 BUS LINES 



RAM Module Functional Block Diagram 




INSTALLATION 

Use the following procedure to install 16K Static RAM Modules 
in the System 65 or, with appropriate changes, in an Auxiliary 
Card Cage. 

1 . Turn System 65 power off. 

CAUTION 

Never install or remove modules with System 65 power 
on— It may cause damage to the module and/or to the 
System. 

2. Remove the top cover of the System 65. 

3. The RAM Module has two banks of switches— 81 and S2— 
one bank for each 8K section of RAM. Using Tables 1 and 
2, select the enable/disable and address range character- 
istics for each 8K section. 



the System 65 Monitor Board, and must not be enabled 
in RAM Modules. 

4. Insert the RAM Module(s) into any vacant slot(s) in the 
System 65 chassis. 

5. Install System 65 top cover. 

6. Turn system 65 power on. 



Table 1. RAM Enable/Disable Switch Settings 



Switch S1/S2-4 Position 


RAM Enable/Disable State 


Up (Off) 
Down (On) 


RAM Disabled (Deselected) 
RA[\4 Enabled (Selected) 



NOTES 

For proper System 65 operation . . . 

a. Page (address range $0000-$OOFF) and Page 1 ($0100- 
$01 FF) must be provided in RAM — either internal RAM 
or external RAM as interfaced by USER 65 or its 
equivalent. 

b. RAM addresses in the range $COOO-$FFFF are used by 
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Table 2. RAM Address Range Select Switch Settings 



SPECIFICATIONS 



Switch S1/S2 Position 


8K Address 
Range Selected 


-1 


-2 


-3 


Up 

Down 

Up 

Down 

Up 

Down 

Up 

Down 


Up 

Up 

Down 

Down 

Up 

Up 

Down 

Down 


Up 

Up 

Up 

Up 

Down 

Down 

Down 

Down 


$0000-$1FFF 
$2000-$3FFF 
$4000-$5FFF 
$6000-$7FFF 
$8000-$9FFF 
$AOOO-$BFFF 
$COOO-$DFFF 
$EOOO-$FFFF 


Note: "Up" is toward the top edge of the Module. | 



Memory Size: 


16K bytes 


Word Length: 


8 bits 


Interface: 


System 65 compatible 


Max. Access Time: 


450ns{P/NM65-031) 




250 ns (P/N M65-032) 


Module Components: 


32 R21 14 Static 1024 x 4-bit RAM 




devices 


Module Dimensions: 


9.75 in. wide x 6.00 in. high 


Edge Connector: 


86 pins on 0.156-in. centers 


Operating Temperature: . 


0°C to -t-70°C 


Power Requirements: 


+5 Vdc ±5% @ 3.0 amps (typical) 



LOGIC LEVELS Ta = o°c to +70°c, Vcc = +5V ±5% 



Ciiaracteristic 


Symbol 


Min 


Max 


Unit 


Condition 


Inputs (D0-D7), A0-A15, WP1-WP7, 02, R/W 
Input Low Voltage 
Input High \foltage 


V|H 


2.0 


0.8 
Vcc 


V 
V 


l,L = 400Ma 
l,H -40Ma 


Outputs (D0-D7) 

Output Low Voltage 
Output High Vbltage 


Vol 

VoH 


2.4 


0.5 
Vcc 


V 
V 


Iql = 48 ma 
loH = 10 ma 
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M65-040 
PROM PROORAMMER MODULE 



OVERVIEW 

The M65-040 PROM Programmer Module provides System 65 
users with a means to program, verify, read and check Pro- 
grammable Read Only Merriory (PROM) devices, and supports 
2704, 2708, 2716, 2516, 2532, and 2758 devices. The PROM 
Programmer Module connects directly to the PROM Socket on 
the front panel of the System 65 chassis, via supplied cable. 

The Module is supplied with a mini-floppy diskette which holds 
a set of software routines that allow the user to check a PROM 
for proper initialization, program the PROM from System 65 
memory, verify the PROM with System 65 memory, and read 
the contents of the PROM into memory. Utility functions to load, 
verify and dump memory are also supplied. 

FEATURES 

• System 65 development system compatible 

• Supports programming of 2704, 2708, 2516, 2532, 2716 
(Intel and Texas Instruments) and 2758 PROM devices. 

• Comes with software on mini-floppy diskette 

FUNCTIONAL DESCRIPTION 

The edge connector pin assignments for the PROM Pro- 
grammer Module are identical to the Motherboard pin assign- 
ments given in Section 4 of the System 65 User's Manual 
(Document No. 29650N35). 

Table 1 summarizes the PROM Socket interface, and applies 
to both the PROM socket located on the PROM Programmer 
Module and the PROM socket located on the System 65 front 
panel. 




The PROM Programmer Module consists of two R6520 Periph- 
eral Interface Adapters (PIAs), data buffers, address decoders, 
26V power supply, level shifters and power-up circuitry. 

The power-up circuitry (Z9) generates an automatic reset during 
power-up. A reset signal may also come from the Reset line of 
the System 65 Bus. 

' The PROM Programmer Module contains data bus buffers, Z12 
and Z13, to provide a logical inversion and a single TTL load to 
the System 65 bus signals. The two R6520 PIAs, Z5 and Z8, 
are used to store the address, data and controljnformation for 
the PROM device. The address, Read/ Write (R/W), and 02 sig- 
nals are buffered and decoded by Z10, Z11, Z14, Z15 and Z16. 
PIA No. 1 is addressed at locations $C018-$C01B. PIA No. 2 
is addressed at locations $CdlC-$C01 F. 

The PROM device receives address lines A0-A9 and data lines 
D0-D7 directly from the PIA devices. The program lines (see 
Table 1, PROM socket pin nos. 18, 19 and 20) are level-shifted 
to provide either OV, +5V, +12V, +25V or +26V to the PROM 
device, depending on the device type. The 26-volt power is gen- 
erated fom the +5-volt power through a DC-DC converter, Z6, 
and an adjustable voltage regulator, Z1. Relays XR1 through 
XR4 are used to switch tile power lines (see Table 1, PROM 
socket pin nos. 21 and 23) to +5V, +12V and -5V to the PROM 
device, depending on the device type. The -5V power is gen- 
erated from the -12V power line through a voltage regulator, 
09. 




M65-040 PROM Programming Module 



Table 1. 


System 65 PROM Socket Interface Summary 


PROM 
Socket 


PROM Device Type 


J1 
















Pin 




Intel 


Intel 


Intel 


T.I. 


T.I. 


T.I. 


Pin 


Number 


2704 


2708 


2758 


2718 


27ie 


2B16 


2532 


Number 


1 


A7 


A7 


A7 


A7 


A7 


A7 


A7 


21 


2 


A6 


A6 


A6 


A6 


A6 


A6 


A6 


19 


3 


AS 


A^ 


A5 


A5 


A5 


A6 


A5 


17 




A4 


A4 


A4 


A4 


A4 


A4 


A4 


15 




A3 


A3 


A3 


A3 


A3 


A3 


A3 


23 




A2 


A2 


A2 


A2 


A2 


A2 


A2 


25 




A1 


A1 


A1 


A1 


A1 


A1 


A1 


26 




AO 


AO 


AO 


AG 


AO 


AO 


AO 


24 




DO 


00 


00 


DO 


Q1 


Q1 


Q1 


22 




01 


01 


01 


01 


Q2 


Q2 


Q2 


20 




D2 


02 


02 


D2 


Q3 


Q3 


Q3 


18 , 


12 


GND 


GND 


GND 


GNO 


VSS 


VSS 


VSS 


16 




D3 


03 


03 


03 


Q4 


Q4 


Q4 


10 




04 


D4 


04 


04 


Q5 


Q5 


Q5 


8 




OS 


D5 


05 


05 


Q6 


Q6 


Q6 


6 




06 


D6 


06 


06 


07 


Q7 


Q7 


2 




D7 


07 


07 


D7 


Q8 


Q8 


Q8 


4 


18 


PGM 


PGM 


CE/PGM 


CE/PGM 


CS/PGM 


PD/PGM 


AH 


13 


19 


VDD 


VDD 


GNO 


A10 


VDD 


AlO 


AIO 


11 


20 


CS/WE 


CS/WE 


OE 


OE 


AIO 


CS 


PD/PGM 


9 


21 


VBB 


VBB 


VPP 


VPP 


VBB 


VPP 


VPP 


7 


22 


GNO 


A9 


A9 


AS 


A9 


A9 


A9 


S 


23 


A8 


A8 


AS 


A8 


A8 


A8 


.As:--''^ 


3 


24 


VCC 


VCC 


.VCC 


VCC 


VCC(PE» 


VCC 


VCC 


1 



Document No* 29650N42 
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PROM Programmer Module 



MODULE INSTALLATION 

Install the PROM Programmer Module as follows: 

1 . Turn System 65 off. 

CAUTION 

Never install or remove modules with System 65 power 
on — it may cause damage to the module and/or to the 
System. 

2. Remove the top cover of the System 65. 

3. Insert the PROM Programmer Module into any vacant slot 
in the System 65 chassis, 

4. Connect one end of the supplied cable to the connector on 
top of the PROM Programmer Module and the other end to 
the connector mounted on the inside front panel of System 
65. Observe the correct polarity of the plugs and sockets; 
i.e., align the arrows marked on the plugs and sockets. 

5. Install the top cover of the System 65. 

6. Set the System 65 RUN/STEP Switch to RUN. 

NOTE 

The PROM programmer will not operate properly if the 
RUN/STEP Switch is in the STEP position. 

7. Turn System 65 power on. 

8. The PROM Programmer Module has an automatic reset fea- 
ture. The standard power- up message should appear on the 
system terminal device at power-on. A manually-initiated 
reset may, however, be performed whenever required. 



PROM DEVICE INSERTION/REMOVAL 

CAUTION 

The Prom device is fragile, and dropping, twisting or 
uneven pressure may break it. Never press down on the 
window area of the chip. 

The PROM device may be inserted into System 65 front panel 
socket or into the socket located on the PROM Programmer 
Module, 

CAUTION 

Only one PROM device should be installed at a time — in 
either the System 65 socket or the PROM Programmer 
Module socket. Programming with PROM devices installed 
in both locations may cause erroneous results and/or 
damage to the PROM. 

PROM INSERTION/REMOVAL ON THE SYSTEM 65 
FRONT PANEL 

To insert the PROM device: 

1 . Push the PROM socket lever out from the System 65 front 
panel, to release pin pressure. 

2. Position the PROM device in front of the socket, being careful 
to observe the Pin 1 location. 



CAUTION 

Incorrect PROM installation may cause PROM damage 
and/or may blow Fuses F1 and F2 on the PROM Pro- 
grammer Module. 

3. Insert the PROM into the socket, then push up and in on the 
socket lever to apply pressure to the pins. 

To remove the PROM device, grasp the PROM device at each 
end, then push the socket lever away from the System 65 front 
panel to release pin pressure. 

PROM INSERTION/REMOVAL ON PROM 
PROGRAMMER MODULE 

To insert the PROM device, position the PROM device in front 
of the socket, being careful to observe the Pin 1 location. 

CAUTION 

Incorrect PROM installation may cause PROM damage 
and/or may blow Fuses F1 and F2 on the PROM Pro- 
grammer Module. 

With the PROM properly oriented, gently start all pins evenly 
into the socket pin guides. Then press firmly and evenly on the 
device (avoiding contact with the light window) until the device 
is securely seated. 

To remove the PROM device, exert an even, upward force on 
both sides of the device while counteracting with a lesser, evenly 
applied downward force. This will prevent the PROM device 
from popping out one side and bending or breaking pins still 
engaged at the other end of the socket. 

OPERATION 

The PROM Programmer software allows checking, reading, ver- 
ifying and programming 2704, 2708, 2758, 2516, 2532 or 2716 
type devices. The data/instructions are copied to/from the System 
65 RAM memory in the address range specified by the user. 
The user can then transfer this information to/from the diskette 
(or other I/O device) using System 65 software routines. 

LOADING THE PROM PROGRAMMER ROUTINES 

There is one PROM programmer object file supplied on the 
PROM Programmer diskette, PROM*n, where "n" is the pro- 
gram release revision letter. File PROM*n occupies from $0200 
to $OFFF. User programs can be loaded starting at $1000. To 
load the PROM*n program, use the System 65 Load Command 
L Then enter the file name (PROM*n) and disk drive number 
desired. Since the PROM*n program may occupy the same 
memory area in which user's data may reside, an offset may be 
applied to the user's data to locate it to $1000 or above (see 
Load, Verify and Dump functbns with offset). PROM*n uses 
page ($0080-$009A) and page 1 ($0100-$01FF). 

NOTE 

The System 65 RUN/STEP switch must be in the RUN 
position for PROM programming. 
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After the program is loaded, use the five (5) key to start the 
PROM Programmer routines for a 1 IVIHz system or the six (6) 
key f6r a 2 MHz system. The 5 (or 6) key rnay also be used for 
reentry into the PROM Programmer routines. Once the routines 
are entered, the only way to exit back to the System 65 monitor 
is to press the ESC key, if the program is vyaiting for input, or 
the Reset switch. 

The PROM Programmer PROGRAM PROM(P) and VERIFY 
PROM (V) functions require that the data to be programmed 
aridyor verified be in RAM memory prior to execution. If the pro- 
gram data resides on diskette (or other media), use the System 
65 Monitor L command to load the object, code into memory 
before entering the PROM programmer functionis with key 5 (or 
6). Alternatively, use the PROM Programmer L command to 
load the program data with optional offset after. the PROM Pro- 
grammer functions have been entered. 

PROM PROGRAMMER OPERATION 

Before entering any of the PROM Programmer functions to 
follow, ensure that the required PROM device is installed in the 
desired PROM socket — the System 65 front panel socket or the 
PROM Programmer Module's PROM socket— per the PROM 
Device Insertion/Removal instructions. The PROM Programmer 
functions may be entered in the absence of an installed PROM 
device, but this may cause verify errors. 



CAUTIONS 

Insert a PROM device only when System 65 power is 
on and either the Monitor prompt (<) or the PROM 
Programmer prompt (=) is the last character displayed 
on the system terminal. Failure to do so may cause 
damage to the PROM device. 
DC power to the PROM device installed in the PROM 
socket is set to zero upon System 65 power- up or 
depression of the Reset switch. During a PROM Pro- 
granfimer function, DC power is supplied to the PROM 
socket after entry of the last address, then the com- 
manded PROM programming function is performed. 
The DC power is removed upon completion of the pro- 
gramming function, before the next PROM Pro- 
grammer prompt character (=) is displayed. 



Once started, the routines will ask the user for certain infor- 
mation. This information should be entered on the system ter- 
minal. For numbers or addresses, type in the number followed 
by a space 0. carriage return to terminate the number. Leading 
zeros are not necessary. Only the last four digits of the number 
are used. If a mistake is made before pressing the space bar 
or carriage return, reenter the correct number (all four digits). 
If a mistake is made after entering a number, exit the PROM 
Programmer routines using the ESC key or Reset switch on the 
front panel and restart with key 5 (or 6). If an invalid command 
or number is entered the routines will print WHAT? and ask you 
to reenter. 

Following illustration is an example of a PROM Programmer 
load and initialization along with the user's response. 



Next, the data to be copied to the PROM device can be loaded 
using the L command. In this example, the file USERIN was 
loaded. Type 5 (or 6) to start the routines. Next, enter the device 
type. If a 2716 was entered, the message TMS 2716 (Texas 
Instruments) PROM? will be printed. Enter Y for yes or N for 
no. The routines will reprint the device type for verification each 
time a new function is requested. A single character should now 
be entered to indicate the function requested as outlined in the 
subsequent text. 



:L>OFF5ET=ei0ei3 
DOME 


IN=F 


FILE 


=PROM+F 


DISK=i 


PROM PROGiRflMMER 


FOR 1 


MHZ 


SVSTEM 


-VER E> 


ENTER £704, 2708 

=^716 

TMS 2716 PROtr-- 

=N 


275S, 


2716 


2516, 25 


i2 


OEVICE TVPE= 


...... 









ENTER PRCiM COMMFirJO VERIFVi, W PROGRHM. P > , READ- R^. OR CHECK<C^ 
OP NEMOP V C OMtlRND VER 1 F V ', F •) , LORC' •; L ^ . DUMP < D > . MEM F I LL u M ^ , I NVEPT < I ^ 



Power- Up and Loading Responses 

PROM PROGRAMMER RE-ENTRY 

After initialization by the (5) or (6) entry and selection of a PROM 
type, the PROM Programmer function may be re-entered from 
the System 65 Monitor by typing 7. This allows the Monitor to 
be entered from the PROM Programmer to perform utility func- 
tions then the PROM Programmer quickly re-entered to continue 
PROM operations. Initial entry using key 5 or 6 must be used, 
however, to change PROM type selection. The message WHAT? 
will be displayed if Key 7 Js typed prior to initialization of the 
PROM Programmer function:' 

ADDRESS SELECTION 

The addresses entered are the hexadecimal locations of the 
RAM memory used for checking, programming, reading, or ver- 
ifying. The upper address bits are then stripped off to form the 
address for the PROM devices. In general, the addresses must 
comply with the following restrictions: 

1. Cannot be Page 0($0000-$OOFF) or Page 1 ($0100-$01FF). 

2. Cannot overlap the PROM Programmer routine for file name 
PROM*n ($O200-$0FFF). 

3. The last address must be greater than or equal to the first 
address entered. 

4. The address range from first to last must not exceed the size 
of the PROM being programmed. 

In addition, there are further restrictions on certain PROM 
devices, imposed by the, PROM manufacturer. The 2704, 2708, 
and Tl TMS2716 must be programmed using their total address 
space during one programming. This means that the 2704, 
2708, and Tl TMS2716 must start on a 1/2K, 1K or 2K address 
boundary, respectively. They also have to extend 1/2K, IK or 
2K bytes in length, respectively. The 2516, 2532, 2758 and Intel 
2716 do not have this requirement. Therefore, single byte or 
multi-bytes may be programmed within the address range of the 
device. The routines are designed to check for any invalid 
address entered and will print WHAT? and ask for the address 
again. 
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PROGRAM FUNCTION (THE P COMMAND) 

The Program Function (P) loads the contents of System 65 
memory into PROM. It is entered by pressing the P key in 
response to the ENTER command message. The routines will 
9sk where any errors detected during verifying should be printed. 
This is indicated by the message ERROR LIST OLn"=. Enter 
any of the standard I/O device characters (space for CRT, P for 
Printer, etc.). 

After the first and last address is entered, the routines will check 
to see if the PROM is initialized. Since these PROMs are ini- 
tialized to an all-ones condition by placing them under an ultra- 
violet light, a check is made prior to programming for an all-ones 
condition. If any zero is detected in the bounds of the address 
range entered, the messages PROM NOT INITIALIZED and 
CONTINUE Y or N will be printed. The use has the option of 
aborting the programming (type N for no) and initializing the 
PROM properly or continuing with the programming by typing 
the Y (yes) key. 

It is possible to change a 1 to with the PROM programmer, 
but the PROM must be exposed to an ultraviolet light to set the 
bits back to one's according to the respective manufacturer's 
specifications. If the PROM is initialized or "Y" entered, a star 
will be printed every 1-5 seconds, indicating programming in 
progress. After programming, the message VERIFYING will be 
printed and the PROM device will be verified against the spec- 
ified RAM locations. This is automatically done every time. If 
there are no errors detected, the message DONE will be printed 
and the next operation requested. Any errors detected will be 
printed on the selected I/O device. 



ENTER 2794, 2706. 2758, 2716, 2516, 2532 

-2716 

TMS 2716 PROH? 



ENTER PROM COHMfiND : VERIFVCV), PROQRfiMCP>, REfiD<R>, OR CHECK<C> 
OR MEMORY COMMRND: VERIFV<F>, LOfiD<L>, DUMP<D), MEM FILL<M), INVERT<I> 



PROORRM 

ERROR LIST 

OUT-L 

ENTER FIRST ADDRESS 



ENTER LfiST f»DRESS 

-27FF 

PROM NOT INITIALIZED 

CONTINUECV OR N) 



NOTES 

1 . A verification error showing a series of 1 's in a specific 
PROM bit position after programming may indicate a 
poor connector contact caused by improper PROM . 
installation in the PROM socket. See the PROM Device 
Insertion/Removal Instructions. 

2. If fuse F1 or F2 on the PROM Programmer Module is 
blown, the PROM may not verify correctly. Verify that 
both are good if a verify error occurs. 

VERIFY FUNCTION (THE V COMMAND) 

The Verify Function (V) verifies the contents of the PROM with 
the contents of System 65 RAM. It is entered by pressing the 
V key In response to the ENTER command message. 

The routines will request where any errors detected should be 
printed. This is indicated by the message ERROR LIST OUT=. 
Enter any of the standard I/O device characters defined In the 
System 65 User's Manual (space for CRT, P for Printer, etc.)' 
Next, type in the first and last addresses. As soon as the last 
address is entered, power will be applied to the PROM device 
and the contents of the PROM compared to the respective con- 
tent of the RAM. If no errors are found, the message DONE will 
be printed, and the next operation requested. If errors are 
detected, the address, contents of PROM, and contents of RAM 
in disagreement will be displayed/printed on the selected I/O 
device. 



FOR 1 MHZ SYSTEM <VER E> 

ENTER 27a4, 2708, 27S8, 2716, 2516, 2532 

-2716 

TMS 2716 PROM? 



ENTER PROM COMMAND: VERIFV<V>, PROGRRM<P>, RERDCR), OR CHECK<C> 

OR MEMORY COMMRNO : VERIFV<F>, LOftD<L>, DUMP<D), MEM FILL<M>, INVERT< 1> 
«V 

VERIFY 
ERROR LIST 
OUT-L 
ENTER FIRST flOORESS 

-leee 

ENTER LAST RDDRESS 

-17FF 

ERROR 

RDDR PROM RftM 

leee ce ze 



itii|ii|ii|iiKiK>|c*>|citi>|fi|i>tci|ci4<>|i>Ki»>K>t»K 

DEVICE TVPE= 
2716 



ENTER PROM COMMfiND : VERIFY<V>, PROGRRM<P>, RERD<R>, OR CHECK<C) 
OR MEMORY COMMfiND. VERIFY<F>, LOflD<L), DUMP<D>, MEM F1LL<M>> 1NVERT< I> 




Program Function Example 



Verify Function Example with Errors 

READ FUNCTION (THE R COMMAND) 

The Read Function (R) reads the contents of PROM into System 
65 RAM. it is entered by pressing the R key in response to the 
ENTER command message. 

After the first and last addresses are entered, power will be 
applied to the PROM and the contents copied into the specified 
RAM locations. When completed, the mess^ge DONE will be 
printed and the next operation requested. 
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The PROM Programmer READ function reads program data 
into System 65 RAM memory from PROM. After reading is com- 
plete, save the PROM data on diskette (or other media) using 
the System 65 Monitor D Command after exiting the PROM 
Programmer functions. Alternatively, use the PROM Pro- 
grammer D command to dump the data with optional offset 
beforethe PROM Programmer functions are exited. The amount 
to be stored or loaded at one time is limited only by the RAM 
locations available. 



ENTER 27a4> 2706. 2758< 2716, 2516> 2532 

-2716 

TMS 2716 PROM? 



EHTER PROM COMMRND: VERIFV<V>, PROQRfiM<P)> REftDCR), OR CHECK<C> 
OR MEII10RV COMMAND: VERIFVCFS, l.OflD<L>, DUMPCD). MEM FItL<M>, INVERT< I > 



ENTER FIRST ADDRESS 



Read Function Example 

CHECK FUNCTION (THE C COMMAND) 

The Check Function (C) is used to check that the PROM is 
initialized. It is entered by pressing the C key in response to the 
ENTER command message. 

After the first and last addresses are entered, power is applied 
* to the device and all specified locations are checked for $FF. 
The message PROM NOT INITIALIZED will be printed if all 
locations do not contain $FF. The message DONE will be printed 
when the Check Function is complete. 



<5> 

PROM PROQRftMMER FOR 1 MHZ SVSTEM <VER E> 

ENTER 2704, 2708, 2758, 2716, 2516, 2522 

=2716 

TMS 2716 PROM? 



=C 

ENTER FIRST ADDRESS 

=1000 

ENTER LOST ADDRESS 

=17FF 

PROM NOT INITIALIZED 

DONE 



LOAD MEMORY WITH OFFSET FUNCTION 
(THE L COMMAND) 

The Load Memory with Offset Function (L), copies data from an 
input object code file into memory addresses offset by an 
entered amount from the addresses on the input file. The entered 
offset value is additive with carry from bit 15 ignored, e.g.: 



Input File 


Offset 


Address in 


Address 


Value 


Memory 


$1000 





$1000 


$1000 


$2000 


$3000 


$7000 


$A000 


$1000 


$E000 


$2000 


$1000 



ENTER 2704, 2708, 2758, 2716, 2516, 2532 

=2716 

TMS 2716 PROM? 



IN«F FILE=flIMBAS DISK-2 



DEVICE TVPE= 
2716 

ENTER PROM COMMAND: VERIFV<V>- PROQRAM<P>, READ(R), OR CHECK CO 

OR MEMORV COMMAND; VERIFV<F>, LOADCL), DUMP<D>, MEM FILL<W). INVERT< I ) 



Load Memory with Offset Function Example 

VERIFY MEMORY WITH OFFSET FUNCTION 
(THE F COMMAND) 

The Verify Memory with Offset Function (F) compares the con- 
tents of an object code file with the contents of memory at 
addresses in memory offset by an entered amount from the 
addresses on the reference object code file. The entered offset 
is additive in the same manner as the Load with Offset function. 
The contents of both memory (MEM) and reference file (FILE) 
are displayed/ printed along with the address (ADDR) if any dif- 
ferences in value are detected. 



ENTER 2704, 2788, 2758, 2716, 2516, 2532 

=2716 

TMS 2716 PROM? ' - 



VERIFV 

OFFSET=D000 IN=F FILE=AIMBAS DISK=2 

ERROR LIST 

OUT=L ADDR/MEM/F I LE 

2000 Ee 50 2200 4C 52 



Checic Function Example 



Verify Memory witli Offset Function Example with Errors 
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DUMP MEMORY WITH OFFSET FUNCTION 
(THE D COMMAND) 

The Dump Memory with Offset Function (D) copies data from 
memory to an output object code file with addresses in the 
output file offset an entered amount from the addresses in 
memory. The entered offset value is additive from the output 
file to memory with carry from bit 15 ignored; e.g.: 



Output File 


Offset 


Address in 


Address (FROM =) 


Value 


Memory 


$1000 





$1000 


$4000 


$D000 


$1000 


$1000 


$8000 


$9000 


$A000 


$1000 


$B000 



ENTER 2704. 2788. 2758. 2716> 2516. 2532 

-2716 

TMS 2716 PROM? 



DEVICE TVPE= 
2716 



DUMP 

OFFSET-Oeee 0UT=F FILE-PRMOUT D1SK-2 

FROM-4000 T0-47FF 



DEVICE TVPE« 
2716 

i|i!«citii«citi>ti!«ii4<iK]tiit(iKi«i*it<>t<i|<4ii«i>K>l< 



ENTER PROM COMMAND: VERIFV<V>. PROQRRM<P>. REflD<R>> OR CHECK<C> 
OR MEMORY COMMRND : VERIFV<F). LOFlD<L). DUMP<D>. MEM F1LL<M>. INVERTS 1> 



Dump Memory with Offset Function Example 

MEMORY FILL FUNCTION (THE M COMMAND) 

The Memory Fill Function (M) allows a user selected range of 
RAM to be initialized to an entered bit pattern. The desired 
PROM object code can then be loaded. All unloaded memory 
in the PROM address range will remain initialized with the pre- 
viously filled bit pattern. This allows PROM codes over a total 
PROM address range to be easily verified without invalid data 
errors being indicated due to random bit patterns in unused 
addresses. 

Enter the bit pattern to be loaded In hexadecimal in response 
to the MEM FILL= prompt. The last two digits entered will be 
accepted. Terminate the entry with a carriage return. Then enter 
the starting and ending addresses in hexadecimal of the RAM 
to be filled. Terminate entries with a carriage return. The last 
four digits entered will be accepted. 



ENTER 2704, 2708- 2758. 2716. 2516. 2522 

=2716 

TMS 2716 PROM? 



i|ii|i4<«i«i|ii«i>ici|ii|ii|ci|iit<iKi4i>K>Ki|iit<i4t>«< 

DEVICE TVPE= 
2716 



Memory Fill Function Example 

INVERT MEMORY (THE I COMMAND) 

The Invert Memory Function (I) allows selected bits to be inverted 
within a selected address range. This function allows the con- 
tents of RAM to be easily one's complemented if the PROM 
code is to be inverted from the ROM code. 

Enter the bit pattern to be exclusively or'ed with memory. A "1" 
in a bit position will invert the bit value while a "0" will leave the 
bit value unchanged. Enter "FF" to invert all bit values and "00" 
to invert none of the bit values. Terminate the entry with a car- 
riage return. The last two digits entered will be accepted. Enter 
the starting and ending addresses as described for the MEM 
FILL function. 



ENTER 2704. 2708. 2758. 2716. 2516. 2532 

-2716 

TMS 2716 PROM? 



DEVICE TVPE« 
27i6 



ENTER PROM COMMAND: VERIFVCVJ. PROGRfiM<P). REfiD<R). OR CHECKCC) 
OR MEMORV COMMftND. VERIFV<F>. LOPlD<L>. DUnf>CD>. MEM FILL<M>. INVERTS I > 




Invert Bits Function Example 
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SPECIFICATIONS 



Parameter 


Value 


PROM Devices Supported 


2704, 2708, 2758, Intel 2716 and Texas Instruments 2716 


Programming Time (approximately) 


2704— 100 sec. 
2708— 200 sec. 
2758— 60 sec. 
Intel 2716—120 sec. 
Tl. 2716— 400 sec. 
2516— 120 sec. 
2532—240 sec. 


Interface 


System 65 compatible 


Module Dimensions 


9.75 in. wide x 6.00 in. high 


Edge Connector 


86 pins on 0.156 in. centers 


Operating Temperature 


0°to + 70°C 


Power Requirements 


+5 Vdc ± 5% @ 750 ma (fused at 2 amps) 
4-12 Vdc ± 5% @ 50 ma (fused at Vz amp) 
-12 Vdc ± 5% (S 50 ma. 


Fuse Description 


F1 — AGC y2A— 250V (Bussman) 
F2— AGC 2A— 250V (Bussman) 
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OVERVIEW 

The M65-045 PROM/ROM Module permits system read only 
memory to be increased by up to 16K bytes. Tiie module pro- 
vides 16 24-pin DIP sockets for accepting industry-standard 
2708, 2716, or 2758 PROM devices, or 2316 or 2332 ROM 
devices. PROMs and ROMs cannot be mixed on the module. 

The PROM/ROM Module's 16K-byte address space is seg- 
mented into four independent 4K-byte sections. Each 4K-byte 
section is provided with a switch for selecting its base address. 
Further, each socket has an individual enable/disable switch, 
providing resolution down to IK bytes. 

FEATURES 

• System 65 compatible 

• 16K-byte read only memory capacity 

• Accepts 2708, 2716 or 2758 PROM devices 

• Accepts 2316 or 2332 ROM devices 

• Sockets can be individually enabled/disabled 

• Base address is switch-selectable for each 4K-byte address 
space 

• Single +5V supply 



FUNCTIONAL DESCRIPTION 

The edge connector pin assignments for the PROM/ROM Module 
are identical to the motherboard pin assignments given in Sec- 
tion 4 of the System 65 User's Manual (Document No. 
29650N35, Order No. 206). 

The PROM/ROM Module comes with 16 sockets for accepting 
the following types of memory devices: 

• Up to four 2332 ROMs, or 

• Up to eight 2316 ROMs, or 

• Up to eight 2716 PROMs, or 

• Up to 16 2708 or 2758 PROMs 

The address switches on the module are set in accordance with 
the type and number of PROM or ROM devices installed. Each 
socket may also be selected by a switch. Further, each 4K 
address space also has a separate switch for selection of its 
base address. The Chip Select Logic specifies the PROM/ROM 
to be accessed and the address lines from the System bus 
select the memory location. The selected PROM/ROM device 
responds by placing 8 bits of data on the data lines (DO through 
D7) for transfer to the CPU. 





M65-045 PROM/ROM Module 



ADDRESS SELECT 
SWITCHES 



3 



CHIP 

SELECT 

LOGIC 



n 



o 



16 PROM/ROM 
SOCKETS 



ENABLE/DISABLE 
SWITCHES 



ADDRESS 
BUFFER 



SYSTEM 65 BUS LINES 



PROM/ROM Module Functional Block Diagram 



Document No. 29650N47 
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SWITCHES AND JUMPERS 

The PROM/ROM Module can accommodate a variety of stan- 
dard PROM and ROM devices. The user must configure the 
Module for his specific application, and does so with various 
switches and jumpers on the Module itself. 

The PROM/ROM Module has a total address space of 16K 
bytes, divided into four 4K-byte sections. Each 4K section has 
a separate base address select switch, S3 through S6, which 
must be set to the desired hexadecimal value (0 - F). For 
example, if Switch S3 is set to 0, the base address for Sockets 
Z4, Z5, Z6 and Z7 is $C000 (where $ indicates hexadecimal). 
Further, each individual socket can be enabled or disabled from 
driving the Data Bus by setting/resetting Switches S1 and 82. 



There is a further restriction for ROMs: Since ROMs have chip 
selects, they will only work in the proper sockets with proper 
base address switch settings. For example, a 2316 ROM with 
CS3=1, CS2=0 and CS1 =1 will work only in Socket Z22 (see 
Table 4) and with a selected base address value of 2, 6, A 
orE. 

The PROM/ROM Module must also be jumper-configured for 
the device being used. Jumper Information is given with switch 
select tables. The function of each jumper is summarized in 
Table 1. 



Table 1. PROM/ROM Board Jumper Functions 



Jumper No. 


Jumper Function 


1 
2 

4 
5 

■ ■ ^' ^ 

,.., 7 ,, 

8 : . 

10 
11 
12 


Connects A1 2 to Pin 18 of all sockets 

Enables 1 K address selection 

Connects +12VDC to Pin 19 of all sockets 

Enables 2 K address selection 

Connects A1 3 to Pin 21 of all sockets 

Connects A10 to Pin 19 of all sockets 

Connects A1 1 to Pin 21 of all sockets 

Connects +5VDC to Pin 21 of all sockets 

Connects A1 1 to Pin 18 of all sockets 

Connects -5VDC to Pin 21 of all sockets 

Connects GND to Pin 18 of all sockets 

Enables active low chip selects on Sockets Z7, Z14 , Z22 and Z29 



Table 2. Switch Settings for 2716 PROM Operation 



Base Address 
(A15,A14/At3,A12) 


Address All 


Socket 


Enable/Disable Switch 


S3(0-F) 



1 


Z5 
Z7 


S1-2 
S1-4 


S4(0-F) 



1 


Z11 
Z14 


31-6 
S1-8 


S5(0-F) 




1 


Z18 
Z22 


S2-2 
S2-4 


S6(0-F) 




1 


Z24 
Z29 


32-6 
S2-8 


Note: For 2716 PROMs, add Jumpers 4, 6, 8, 11 and 12. 
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Table 3. Switch Settings for 2708 or 2758 PROM Operations 



Base Address 
(A15,A14,A13,A12) 


Address 
All AID 


Socket 


Enable/Disable Switch 


S3(0-P) 




T 

1 
1 1 


Z4 
Z5 
Z6 
Z7 


S1-1 
SI -2 
SI -3 
SI -4 


S4(0-F) 




1 

1 
1 1 


Z10 
Z11 
Z13 
Z14 


SI -5 
S1-6 
SI -7 
81-8 


S5 (0-F) 




1 

1 
1 1 


Z17 
Z18 
Z21 
Z22 


S2-1 
S2-2 
S2-3 
S2^ 


S6 (0-F) 




1 

1 

1 1 


Z23 
Z24 
Z28 
Z29 


S2-5 
S2-6 
S2-7 
S2-8 


Note: For 2708 PROMs, add Jumpers 2, 3, 4, 11 and 12 and add Capacitors G6-C9, C14-C17, C21-C24, C29-C32, C37-C40, C45-C48, 
C52-C55 and C59-C62. All capacitors are 0.1 /xf. 
For 2758 PROMs, add Jumpers 2, 8, 1 1 and 12 and jumper left post of Jumper 3 to right post of Jumper 4. 



Table 4. Switch Settings for 2316 ROM Operation 



Base Address 
(A15,A14,A13,A12) 


ROM Chip Selects* 
A13 A12 All 
CSS CS2 CS1 


Socket 


Enable/Disable Switch 


33(0,4,8,0 



1 


Z5 

Z7 


SI -2 
SI -4 


84(1,5,9,0) 


1 
1 1 


Z11 
Z14 


SI -6 
S1-8 


35 (2, 6, A, E) 


1 
1 1 


Z18 
Z22 


S2-2 
S2-4 


36 (3, 7, B, F) 


1 1 

1 1 1 


Z24 
Z29 


S2-6 
S2-8 


Note: *Assumes CSI =A11, CS2=A12 and CS3=A13. For 2316 ROMs, add Jumpers 1, 4, 5 and 6. 



Table 5. Switch Settings for 2332 ROM Operation 



Base Address 
(A15,A14,A13,A12) 


ROM Chip Selects* 
A13 A12 
S2 SI 


Socket 


Enable/Disable Switch 


S3 (0,4, 8,0) 





Z7 


SI -4 


S4 (1,5,9,0) 


1 


Z14 


SI -8 


S5(2,6,A,E) 


1 


Z22 


S2^ 


S6(3,7,B, F) 


1 1 


Z29 


S2-8 


Note: *Assumes 81 =A12 and S2=A13. For 2332 ROMs, add Jumpers 2, 5, 6 and 9. 



INSTALLATION 

install PROM/ROM Modules in the System 65 chassis or, with 
appropriate changes, in an Auxiliary Card Cage as follows: 

1 . Turn System 65 power off. 

CAUTION 

Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 



2. Remove the top cover of the System 65. 

3. Set the switches on the PROM/ROM Module per Tables 2 
through 5. The base memory address are assigned by four 
hexadecimal switches, S3 through 86. Individual sockets are 
enabled/disabled by Switches S1 and S2. 

4. Install the required jumpers per directions given with the 
switch table. 

5. Install the required PROM or ROM devices in their appro- 
priate sockets. 
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M65-045 



PROM/ROM Module 



6. Insert the PROM/ROM Module(s) into any vacant slot(s) in 
the System 65 chassis. 

7. Install the top cover of the System 65. 

8. Turn System 65 power on. 



SPECIFICATIONS 



Parameter 


Value 


Memory Capacity 


16K bytes 


Word Length 


8 bits 


Interface 


System 65 compatible 


Module Components 


16 24-pin DIP sockets 


Module Dimensions 


9.75 in. wide x 6.00 in. high 


Edge Connector 


86 pins on 0.156-in. centers 


Operating Temperature 


0°Cto+70°C 


Power Requirements 


+5 Vdc + 5% @ 500 ma. with no 




devices installed 



LOGIC LEVELS t^ = o°c to +70°c, v^^ = +5v + 5% 



Characteristic 


Symbol 


Min 


Max 


Unit 


Condition 


Inputs (Db-D7,A0-A1 5, 
02, R/W) 












Input Low Voltage 


V|L 




0.8 


V 


1,^-400 Ma 


Input High Voltage 


V|H 


2X1 


^CC 


V 


l,H-40Ma 


Outputs (D0'-D7) 












Output Low Voltage 


^OL 




0.5 


V 


l0L = 48ma 


Output High Voltage 


^OH 


2.4 


^CC 


V 


lQ^ = 10ma 
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M65-060 

Microcomputer Oera/opment Systems 




M65-060 
EXTENDER CARD 



OVERVIEW 

The M65-060 Extender Card provides easy access to a printed 
circuit module installed in its system enclosure, for signaltracing 
or troubleshooting. In that context, the Extender Card consists 
of a series of bus lines connecting the Card's standard contact 
edge, on one end, and a connector used for accepting the stan- 
dard contact edge of an 86-pin system module. 

This contact edge and the edge connector pins are connected 
pin-for-pin via the bus lines on the Card. Each of the bus lines 
is provided with a clip-on terminal to allow test equipment to be 
readily connected. With the module under test connected to the 
Extender Card and this assembly installed in the system's Aux- 
iliary Card Cage or System 65 chassis, the user is given free 
access to both sides of the module being tested. 

The edge connector pin assignments for the System 66 Moth- 
erboard are given in Section 4 of the System 65 User's Manual 
(Document No. 29650N35). 

SPECIFICATIONS 



INSTALLATION 

The procedure below should be used to Install an Extender 
Card in the System 65 chassis or, with appropriate changes, in 
an Auxiliary Card Cage. 

1 . Turn System 65 power off. 

CAimON 

Never install or remove modules with System 65 power 
on— it may cause damage to the module and/or to the 
System. 

2. Remove the top cover of the System 65. 

3. Remove the desired circuit module from System 65, if 
installed. 

4. Insert the Extender Card into any vacant slot in the System 
65 chassis. 

5. Insert the desired circuit module into the plug on top of the 
Extender Card. 

6. Turn System 65 power on. 



Psr&niBtor 


Value 


Edge Contacts 


86 pins on 0.156-in. centers 


Edge Connector 


86 pins on 0.156-in. centers 


Extender Card Dimensions 


9.75 in. wide x 9.00 in. high 
X 0.062 in. thick 



B 




M65-060 Extender Card 



Document No. 29650N41 



6-43 



Product Description Order No. 210 
Rev. 1, August 1983 



M65-071 

Microcomputer Developmer)t Systems 




M65-071 
DESIGN PROTOTYPING MODULE 



OVERVIEW 

The M65-071 Design Prototyping Module allows development 
of custom circuits for installation in either Rockwell's System 65 
Microcomputer Development System or in user-designed equip- 
ment, via the Auxiliary Card Cage. 

This Module is a System e^rcompatible printed circuit module 
with no mounted components, but with prerouted power bus and 
power return lines. Spaced beside the power lines are plated- 
through holes that permit wire-wrap sockets to be installed. 
Additional holes, at the top edge of the module, permit a variety 
of wire-wrap flat ribbon cable connectors to be installed. 



The pin assignments for the Design Prototyping Module's 86- 
pin edge connector are identical to the Motherboard pin assign- 
ments given in Section 4 of the System 65 User's Manual (Doc- 
ument No. 29650N35; Order No. 206). 




M65-071 Design Prototyping IVIodule 



DocMment No. 29650N45 
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M65-071 



Design Prototyping IVIodule 



INSTALLATION 

Install a Design Prototyping Module in the System 65 or, with 
appropriate changes, in an Auxiliary Card Cage as follows: 

1. Turn System 65 power off. 

CAUTION 

Never install or remove modules with System 65 power 
on — It may cause damage to the module and/or to the 
System. 

2. Remove the top cover of the System 65. 

3. Insert the Design Prototyping Module into any vacant slot in 
the System 65 chassis. 

CAUTION 

Installation of improperly-operating circuits may cause 
malfunction and/or damage to the System 65. 

4. Install the top cover of the System 65. 

5. Turn System 65 power on. 



SPECIFICATIONS 



Parameter 


Value 


Component Mounting Area 




Number of Component Rows 


14 


Number of Hole Rows 


35 


Vertical Hole Spacing 


46 holes on 0.1 -in. centers 


Horizontal Hole Spacing 


35 holes on either 0.3-ln. 




or 0.1 -in. centers 


Flat Ribbon Connector Mounting 




Area 




Number of Pins 




Per Connector 


170 . 


Module Dimensions 


7.50 in. high x 9.75 in. wide 




X 0.062 in. thick 


Edge Connector 


86 pins on 0.156-in. centers 



u 
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M65-660 

Microcomputer Development Systems 




IVI65-660 

SYSTEM 65 MAGRb ASSEMBLER 

& LINKING LOADER 



DESCRIPTION 

The System 65 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or relocatable object code and links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the System 65 Development 
System and generates code for execution by any central pro- 
cessing unit (CPU) in the Rockwell R6500 NMOS micropro- 
cessor, R6500/* NMOS one-chip microcomputer and R65C00 
CMOS microprocessor device families. 

MACROASSEMBLER 

The macro assembler translates CPU instructions and data 
statements written in symbolic form (the source program), into 
absolute or relocatable code. Instructions, consisting of a label 
(if Included), a mnemonic operation code, an operand (if required) 
and an arithmetic operator (if included), are assembled one-at- 
a-tlme into one- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 
one or more bytes of memory are generated from data state- 
ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions to 
be pre-defined for in-line code inclusion by specifying only the 
macro name. Conditional assembly allows portions of instruc- 
tion sequences or macros to be included in (or excluded from) 
in-line code. The combination of the macro and conditional 
assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and 
increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
specified control parameters. 

LINKING LOADER 

The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
manageable size modules by separate software designers and 
integrated by the linking process. This also allows program 
changes to be made to one module without affecting any of the 
other modules^a key requirement in many program validation 
and certification procedures. 

Small programs can still be assembled into absolute executable 
code without using the linking loader, however, to simplify 
development. 

The assembler/loader operates in conjunction with the ROM- 
resident System 65 Debug Monitor/Text Editor (OS 3.1). 



MACRO ASSEMBLER FEATURES 

• Supports three CPU families 

— B6500 NMOS microprocessor 
—R6500/* NMOS microcomputer 
— R65C00 CMOS microprocessor 

• Flexible object code generation 
— AbsolMte code (executable) 
— Relocatable code (linkable) 

• Macro definition includes 
— Multiple parameters 
— Other macros 

— CPU Instructtons 
— Assembler directives 

• Macro call includes 
— Macro name 

— Argument list 

• Condition assembly 
— IF condition 

—ELSE complementary condition 
— 12 conditional operators 

• Symbol cross reference table 

— Lists defined and used symbols 
— Listed in alphanumeric order 

LINKING LOADER FEATURES 

• Resolves inter-module symbol linkage 

• Assigns absolute addresses 

• Generates absolute executable code 

• Produces reports 

^Load map of module locations 
— Symbolic debug table 
— Symboi table 

• Interactive or command file setup 

ORDERING INFORMATION 



Part No. 


Description 


M65-660-3 


Macro Assembler and Linking Loader'^' 


Order No. 


Description 


249 


Macro Assembler and Linking Loader User's 
ManuaP' 


Notes: 

1. Requires System 65 OS 3.1 ROMs 

2. Included with M65-660-3. 



Document No. 29650N64 
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M65-660-3 



Macro Assembler & Linking Loader 



Assembler Directives 








Assembly Listing Control 


Option Control 






.TTL 


Title 


.OPT 


Option 




,SBTTL 


Subtitle 




LlST/NOLiST 


Assembly listing 


PAG 


Page 




GEN/NOGEN 


Object code listing 


.SKI 


Skip 




ERR/NOERR 


Error generation 


.ERR 


Error 




SYM/NOSYM 
CREF/NOCREF 


Symbol generation 

Cross reference generation 


Source File Control ' 




ABS 


Absolute object code 


.END 


End of Assembly 




REL 


Relocatable object code 


.FILE 


NextRle 




MEM 


Absolute object code to 


INCL 


Include 




TOC/NOTOC 


memory 

Table of contents 


Datastorage 






OBJ/NOOBJ 


Object code generation 


.BYTE 


Initialize byte memory loGation 




MD/NOMD 


Macro definition 


.WORD 


Generate 16-bit address 




ME/NOME 


Macro expansion 


.DBYTE 


Generate 16-bit data word 




CC/NOCC 


Conditional list 


.SBYTE 


Initialize ASCII string 




PLEN 
LLEN 


Page length 
Line length 


Equate 






FF/NOFF 


Form feed 


= 


Assign value to symbol 




CLS 


Clear definitions 






-RAD 


Radix 2, 8, 10, or 


16 


Conditional 










.IF 


Condition 


Relocation/Linking 




.ELSE 


Complementary condition 


.DEF 


Internal definition 




.EIF 


End of conditional 


.REF 


External reference 








.2REF 


Zero page reference | 


Macro 




PSECT 


Program section 




.MACRO 


Define Macro 


.IDENT 


Module identification | 


ENDM 


End of macro definition 








.MEXIT 


End of macro expansion 








.NARG 


Number of passed arguments 








Linl(ing Loader Directives 








ERR 


Errors destination 


ORG 


Origin 




OBJ 


Object code generation 


ORDER 


Section order 




MAP 


Load map generation 


DEF 


Symbol definition 




CALS 


Symbol table location 


LOAD 


Load code specification | 


SYM 


Global symbol table 


END 


Command file end 




DEBUG 


Debug symbol table 
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Microcomputer Development Systems 




SPS-200 

SOFTWARE PREPARATION SYSTEM (SPS) 

PERIPHERAL CONNECTDR MODULE 



INTRODUCTION 

The optional SPS Peripheral Connector Module (PCM) (Part 
No. SPS-200), which connects directly to the AIM 65 Microcom- 
puter Master Module connector, provides the Software Prepara- 
tion System (SPS) with a complete set of external I/O interfaces. 
These I/O interfaces support external printers, serial devices, 
audio cassette 20 mA current loop and parallel I/O devices such 
as the RM 65 board family. 

The external printer interface routes and buffers (TTL levels) the 
printer signals to a Centronics compatible 34-pin connector for 
printer support. 

The RS-232 interface operates at the ± 5V level. No handshak- 
ing signals are provided, but selectable handshake signals have 
been wired for static levels. Feed throughs are provided to cut 
and jumper these signals. Data Set/Data Terminal operation is 
selected using a jumper pair. 

The 20mA current loop interface routes four 20mA current loop 
signals from the AIM 65 Master Module connector (J1) to a 
dedicated Molex connector to provide current loop I/O support. 

The audio cassette recorder interface signals are routed to two 
mini-phone (3.5 mm) jacks for audio cassette support. The 
remote control lines are controled by reed relays and routed to 
two sub-mini-phone (2.5 mm) jacks. 

The parallel I/O connector interface supports the 40-pin signals 
routed to the Interface by the AIM 65 Master Module User 



VIA (Z22). The parallel interface connector is compatible with 
many of the RM 65 modules, e;g., single Board Computer 
(SBC) and Multi-function Peripheral Interface (MPI), and with the 
AIM 65/40 Microcomputer connector, e.g.. User Parallel I/O, 
Display Interface and Printer Interface. 

FEATURES 

• 34-pin connector for Centronics compatible printer support 

• RS-232 connector for serial interface support 

• Molex connector for 20 mA current loop support 

• 3.5 mm mini-phone jack connectors for audio cassette 
support 

• 2.5 mm sub-mini-phone jack connectors for remote tape 
control 

• 40-pin parallel I/O connector, compatible with the RM 65 
module family 

REFERENCE DOCUMENTS 

The following documents contain information regarding set-up 
and operation of SPS-200. 



Order No. 


Title 


2167 
209 


R6500 Software Preparation System (SPS) 

User's Manual 
AIM 65 Microcomputer User's Guide 




SPS-200 Peripheral Connector Module 



Document No. 29001 D34 
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SPS-200 



Peripheral Connector Module 



EXTERNAL PRINTER INTERFACE 

SPS Module Printer Connector 



Pin 


Signal 


Pin 


Signai 


1 


STROBE 


13 


Data 6 


2 


Ground 


14 


Ground 


3 


Data 1 


15 


Data 7 


4 


Ground 


16 


Ground 


5 


Data 2 


17 


Data 8 


6 


Ground 


18 


Ground 


7 


Data 3 


19 


ACK 


8 


Ground 


20 


Ground 


9 


Data 4 


21 


Not Used 


10 


Ground 


22 


Ground 


11 


Data 5 


23 to 34 


Not Used 


12 


Ground 








Interface Module Connector 



TOP VIEW 
PINS 18 & 36 ARE NOT CONNECTED 



PIN 1 



MATES TO 
INTERFACE 
MODULE 



WIRE1 



34 WIRE 



34 PIN 

SOCKET RIBBON CABLE 

RECEPTACLE 
3M NO. 3414-6000 
OR EQUIVALENT 

h 6 FEET 



MATES TO 
EXTERNAL 
PRINTER 
PIN1 

36 PIN 

CENTRONICS 

TYPE PLUG 

3M NO. 3366-1001 

OR EQUIVALENT 



Printer Interface Cable (User Supplied) 
Centronics Type Connector Pin Assignment 



Pin 


Signal 


Pin 


Signai 


J-1 


STROBE 


J-8 


Data 7 


J-2 


Data 1 


J-9 


Data 8 


J-3 


Data 2 


J-10 


ACK 


J-4 


Data 3 


J-11 to -17 


Not Used 


J-5 


Data 4 


J-19to-29 


Ground 


J-6 


Data 5 


J-30 to -35 


Not Used 


J-7 


Data 6 


J-1 8 and J-36 


Not Connected 



18 



g 



PRINTER 



r 



36 



19 



CABLE 
CONNECTOR 
(AMP) 552931-1 
(OR EQUIVALENT) 

REAR PANEL 
CONNECTOR 



RS-232 INTERFACE 



RS-232 Connector Pin Assignments 



Pin 


Signal 
Mnemonic 


Signai Name 


Input/Output 


Data Set 


Data Term 


1 


GND 


Chassis Ground 






2 


TD 


Transmit Data 


1 





3 


RD 


Receive Data 


O 


1 


5 


GTS 


Clear to Send^ 


+ 5V Always 


+ 5V Always 


6 


DSR 


Data Set Ready^ 


+ 5V Always 


+ 5V Always 


7 


GND 


Signal Ground 






8 


DCD 


Data Carrier Detected^ 


+ 5V Always 


-H 5V Always 


9-25 




Not Used 







iThis can be cut for a No Connect option 




CABLE 
CONNECTOR 
25 y (AMP) 206771-1 
(OR EQUIVALENT) 

REAR PANEL 
CONNECTOR 
(3M) 3483-1000 



RS-232 Connector Pin Locations 






20 mA CURRENT LOOP INTERFACE 



20 mA Current Loop Connector Pin Assignments 



Pin 


Signal Mnemonic 


Signai Name 


1 
2 
3 
4 


TTYKYBD 

TTYKYBD RETURN ( + ) 

TTYPTR 

TTYPTR RETURN ( + ) 


TTY Keyboard 

TTY Keyboard Return ( + ) 

TTY Printer 

TTY Printer Return ( + ) 



KEYBOARD 
RETURN 
PRINTER 
RETURN 



TO TTY 
KEYBOARD 

TO TTY PRINTER 



CURRENT LOOP MOLEX NO. 08-50-0114 PINS 
CONNECTOR INSIDE NO. 22-01-2041 HOUSING 

(SIDE VIEW) 



External Printer Connector 



20 ma Current Loop Connector Pin Locations 
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Peripheral Connector Module 



PARALLEL I/O CONNECTOR INTERFACE 



AUDIO CASSETTE RECORDER INTERFACE 





Parallel I/O Connector Pin Assignments 


Pin 


Mnemonic 


Signal Name 


Input/Output 


1* 


CB2 


Port B, Control No. 2i 


I/O 


2 




No Connect 




3* 


CB1 


Port B, Control No. 1 


I/O 


5* 


PB7 


Port B, Bit 7 


I/O 


7* 


PB6 


Port B. Bit 6 


I/O 


9* 


PB5 


Port B, Bits 


I/O 


ir 


PB4 


Porta. Bit 4 


I/O 


13* 


PBS 


Port B, Bit 3 


I/O 


15* 


PB2 


Port B, Bit 2 


I/O 


17* 


PB1 


Port B, Bit 1 


I/O 


19* 


PBO 


Port B, Bit 


I/O 


21 


PA7 


Port A, Bit 7 


I/O 


23 


PA6 


Port A, Bite 


I/O 


25 


PAS 


Port A, Bits 


I/O 


27 


PA4 


Port A, Bit 4 


I/O 


29 


PA3 


Port A, Bit 3 


I/O 


31 


PA2 


Port A, Bit 2 


I/O 


33 


PA1 


Port A, Bit 1 


I/O 


35 


PAO 


Port A, Bit 


I/O 


37 


CA2 


Port A, Control No. 2 


I/O 


39 


CA1 


Port A, Control No. 1 


I/O 


40 




No Connect 




Note: Even Numbered pins connected to GND. 


*These signals are used by the Printer Interface 




1 This can be cut/jumpered to + 5V. 





40 



i 



§ 



39 



CABLE 
CONNECTOR: 
(3M) 3417-6040 
(OR EQUIVALENT) 
REAR PANEL 
CONNECTOR: 
(3M) 3324-0000 



Parallel I/O Connector Pin Locations 



DATA SET/DATA TERMINAL SETUP 



DATA SET 
JUIVIPER POSITIONS 



TERIWI 



DATA TERMINAL 
JUMPER POSITIONS 



TERM 



O ^ ^ O 

o o o Q 



SET 



SET 




3.5 MM JACK 

TO TAPE EARPONE 
(TIP IS SIGNAL) 



25 MM JACK 
TO TAPE 1 REMOTE 



EAR 



CONNECTORS 



2.5 MM JACK 
TO TAPE 2 REMOTE 



35 MM JACK 

TO TAPE MICROPHONE 
(TIP IS SIGNAL) 



Audio Cassette Recorder Interface 



WARNING 

This equipment generates, uses and can radiate radio 
frequency energy and if not installed and used in 
accordance with the instructions manual, may cause 
interference to radio communications. It has been 
tested and found to comply with the limits for a Class 
A computing device pursuant to Subpart J of Part 15 
of FCC Rules, which are designed to provide reason- 
able protection against such interference when 
operated in a commercial environment. Operation of 
this equipment in a residential area is likely to cause 
interference in which case the user at his own expense 
will be required to take whatever measures may be 
required to correct the interference. 

INFORMATION TO USER: If this equipment does cause inter- 
ference to radio or television reception which can be 
determined by turning the equipment on and off, the user is 
encouraged to try to correct the interference by one or more 
of the following measures: 

• reorient the receiving antenna 

• relocate the computer with respect to the receiver 

• move the computer with respect to the receiver 

• plug the computer into a different outlet so that the com- 
puter and receiver are on different circuits 

If necessary, the user should consult the dealer or an experi- 
enced radio/television technician for additional suggestions. 
The user may find the following booklet prepared by the 
Federal Communications Commission helpful: 

"How to Identify and Resolve Radio and TV 
Interference Problems: 

This booklet is available from the U.S. Government Print- 
ing Office, Washington, D.C. 20402, Stock Number 
004-000-0345-4. 
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CO 

■0 

in 

lO 



TAPE REMOTE 
JACKS 



AIM 65 J1 



GND 
PAS 
PA2 
PA1 
PA4 
PAS 
PA6 
PA7 
PBO 
PB1 
PB2 
PBS 
PB4 
PAO 
PB7 
PBS 
PB6 
CB1 
CB2 
CA1 
CA2 
-12V 
+ 5V 



02_ 

R/W 

TAPE B1 RTN 

TAPE 1B 

TAPE 2B RTN 

TAPE 2B 

AUDIO IN 

AUDIO OUT LO 

+ 12V 

AUDIO OUT HI 

TTY KYBD RTN 

TTY PTR RTN 

TTY KYI 

TTY PTR 

TAPE 2A 

TAPE 1A 

SERIAL IN 
+24V 



+ 5V r------- T, 



+ 12V 
SERIAL IN 
TERM 







+ 5V^^ 



RS-232 
CONNECTOR 



k'S 
»-6 
-7 

Lo-o-8 

9 

10 

11 

12 

13 



+ 5V 



:f:iO/iF 



10 pF 



CURRENT LOOP 
CONNECTOR 



■0 



O 

o 

3 
3 
<D 
Q 



+ 5V 



o 

c 



Figure 1. Peripheral Connector Module Schematic 




SPS-200 



Peripheral Connector Module 
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AIM 65 MICROCOMPUTER FAMILY 
Professional, Hard Working, Low Cost, Blue Collar Microcomputer 



For low cost prototypes or low to medium volume 
production, Rockwell offers an extended family of board 
level "blue collar" products, easy to design-in and 
implement. All are built around the R6502 CPU and R6500 
peripherals so that applcations using the modules can be 
readily redesigned into devices as volume warrants. And, all 
of the board products are available with a wide range of 
languages— Microsoft BASIC, FORTH, PL/65, assembly, 
instant Pascal — for optimum system solutions. 

The AIM 65 (R6500 based Advanced Interactive 
Microcomputer) is an under $500 microcomputer, complete 
with keyboard, display and hard copy printer. It has 
extensive options, many interfaces and expansion 
capabilities. If you're planning on computerizing a product, 
AIM 65 is designed to do the job. If you're interested in 
designing a system around the R6500 family of devices, 



AIM 65 is also a mini-development system at the price of 
most evaluation boards. And, AIM 65 comes with complete 
documentation, making it simple to use. Since it is a "best 
seller" widely used in universities and industry, a large 
library of commercially available texts and manuals has 
developed, making it even easier to use. 

In addition to bare board blue-collar versions, the AIM 65 
is available in an enclosure, complete with power supply, for 
use as a desk top computer. Additional memory cartridges 
are available to plug onto the desk top AIM 65 providing 
additlbnal languages or memory. These can let AIM 65 
function as a test instrument, analyzer or controller. 

Whatever your application, for a learning tool, evaluation 
system or industrial controller, a blue collar AIM 65 
Microcomputer is an economical solution. 



*AIM 65 Microcomputer is a trademarlt of ttie Roclcwefl international Corp. 



=-»/i«s^^^ ^' 
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A65-1 00,-400 

AIM 65 Microcomputer Family 




A65-100 AND A65-400 
AIM 65 MICROCOMPUTER 



PRODUCT OVERVIEW 

The AIM 65 micrcxjomputer is a complete, assembled micro- 
computer system featuring a 20-coiumn thermal printer, a 20- 
character alphanumeric display, and a full-size terminal style 
keyboard. On-board memory sockets accept up to 20K bytes 
of PROM/ROM and 4K bytes of static RAM. A user R6522 Ver- 
satile Interface Adapter (VIA) dedicates 16 parallell/0 data lines 
and four handshaking control lines to application usage. The 
address, data, and control lines are also accessible for off-board 
memory, peripheral and I/O expansion. An 8K-byte ROM -resi- 
dent debug monitor and text editor provides immediate inter- 
active operation upon power turn-on. 

With its self-contained printer and display, the AIM 65 mi- 
crocomputer is ideal for educational and industrial desk-top 
applications. The on-board printer, unicjue to single-board 
microcomputers in its class, make the AIM 65 microcomputer 
a natural for any control and monitor application requiring hard 
copy output — such as equipment performance monitoring, data 
logging, test and evaluation, specialized data acquisition and 
reduction, laboratory measurements and analysis, and untold 
others. 

Tl^ie interactive monitor simplifies computer program checkout 
with single step functions which trace instruction execution and 
register contents as well as stop execution at specified breaks 
point addresses. Memory and registers can be examined and 
altered tb set up controlled executton conditioris and to allow 
detailed analysis of program performance. The text editor allows 
computer prbgram Assembly and high level language instruc- 
tions and data to tie easily entered and edited at the soured 
code level. 




FEATURES 

• Single Board Computer with on-board RAM, ROM, and I/O 
—Powerful and Popular 6502 CPU 

— Up to 4K bytes of 21 1 4 Static RAM 

—Up to 20K bytes of 2532 PROM or R2332 ROM 

— User-Dedicated Application Parallel I/O Interface 

— Low-Cost Audio Cassette Recorder Interface with 2 

Recorder Remote Control Lines 
—20 mA Current Loop Serial Interface 
— Expansion Bus Interface 

• 20-Column Thermal Printer 
—64 Character ASCII Format 
—120 Lines per Minute 
—5x7 Dot Matrix Character Font 

• 20-Character Display 
—64-Character ASCII Format 
— 16-Segment Font 

—High Contrast Monolithic Characters 

• Full-Size 54-key Terminal Style Keyboard 

—26 Alphabetic, 10 Numeric, and 22 Special Characters 
—9 Control Functions and 3 User-Defined Functions 

• ROM-Resident Interactive Debug Monitor 

— Monitor-Generated Prompts and Single Keystroke Com- 
mands 
—Single-Step Executbn with Tracing and Breakpoints 
—Memory and Register Examine and Alter 
—Mnemonic Instructton Entry and Disassembly 

• Text Editor 

—Line Oriented Commands (Read, Insert, Delete, List) 
—Character String Find and Change 

• Parallel Application Interface 

^R6522 Versatile Interface Adapter (VIA) 
—Two 8-blt Parallel Bidirectional Data Ports 
—Two 2-bit Handshake Control Ports 
—Two Programmable 1 6-bit Counter/Timers 
—8-bit Serial Interface 

• Optional ROM-Based Languages 
— 4K Symbolic Assembler 
—8K BASIC Interpreter 

—8K PL/65 Compiler 

— 8K FORTH Compiler/Interpreter 

— 20K Pascal Compiler/Interpreter (16K Bytes Off-Board) 




A65-400 AIM 65 Microcomputer 



Document No. 29000D79 
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ORDERING INFORMATION 



Part No. 


Description 


A65-100 


AIM 65 with IK RAM 


A65-400 


AIM 65 with 4K RAM 


A65-415 


AIM 65 with 4K RAM & BASIC Interpreter ROMs 


A65-420 


AIM 65 with 4K RAM, BASIC Interpreter ROMs 




& Assembler ROM 


A65-450 


AIM 65 with 4K RAM & FORTH ROMs 


Order No. 


Description 


209 


AIM 65 Microcomputer User's Guide'^' 


209L 


AIM 65 Monitor Listing^^' 


217 


AIM 65 Reference Card<i' 


219 


AIM 65 Schematic (Wall Chart)<^' 


201 


R6500 Hardware Manual' 


202 


R6500 Programming Manual*^' 


200 


R6500 Programming Reference Card'^' 


221 


AIM 65 BASIC Language Reference ManuaP' 


233 


AIM 65 BASIC Reference Card'^' 


265 


AIM 65 FORTH User's Manual'^' 


283 


AIM 65 FORTH Reference Card*^) 


Notes: 




1. Included with all models. 


2. Included with A65-0415 and A65-0420. 


3. Included with A65-0450. 



FUNCTIONAL DESCRIPTION 

The AIM 65 microcomputer consists of a Master Module (which 
includes the central processing and control circuitry, decoders, 
memory, I/O and printer control circuitry), an attached Display 
Module and a separate Keyboard Module. A thermal printer is 
mounted directly on the Master Module while the Display Module 
is mounted on angle brackets which are fastened to the Master 
Module. 

Central Processing and Control 

The R6502 8-bit microprocessor, the central processing unit 
(CPU) of the AIM 65 microcomputer, provides the overall control 
and monitoring of all AIM 65 operations. The R6502 commu- 
nicates with other AIM 65 elements on three separate buses. 
A 16-bit address bus allows the CPU to directly address 65,536 
memory locations. An 8-bit bidirectional data bus carries data 
from the CPU to/from memory and interface devices. The con- 
trol bus carries various timing and control signals between 
the CPU and interfacing peripherals, devices, and off-board 
elements. 

The CPU operates at 1 MHz, which is derived from a 4 MHz 
crystal-controlled oscillator. The 02 system clock and read/write 
control signals are generated by the CPU, and are buffered and 
routed to other devices on-board and to the expansion connector. 

A decoder circuit provides chip select signals to the on-board 
PROM/ROM and RAM sockets and to the I/O devices. 4K-byte 
chip selects are sent to the PROM/ROM sockets ($BXXX- 
$FXXX) while 1K-byte select signals are routed to the RAM 
sockets ($OOXX-$XCXX). On-board I/O is also decoded to 1K- 
byte selects ($AOXX-$ACXX). 



A pushbutton switch initiates RESET to the on-board devices 
and to interfacing equipment through the expansion connector. 
Installed terminal posts allow connection to a remote RESET 
switch. The STEP/RUN switch selects program execution in 
either the single-step mode or the run mode. In single-step 
mode, execution of all instructions in the address range 0- 
$9FFF can be traced or can be stopped at any of four specified 
breakpoints. The KB/TTY switch selects operation using the 
AIM 65 keyboard and display or using a, teletypewriter attached 
to the 20 mA current loop interface. 

Memory 

Two 1024 X 4 2114 static RAM devices are required for each 
1 K-byte of installed RAM. Both 1 K and 4K versions are avail- 
able. The 1K version may be expanded on-board in IK incre- 
ments up to 4K using the spare RAM sockets. 

Five PROM/ROM sockets accept installation of the 4K-byte 
R2332 ROM, 2532 PROM, or smaller devices with compatible 
pinouts, e.g., 2K-byte 2516 PROM. The AIM 65 microcomputer 
comes with two R2332 ROMs containing the Debug Monitor/ 
Text Editor installed at addresses $E0OO-$FFFF. 

I/O 

The 16 bidirectional data lines and 4 handshake control lines 
of the user-dedicated R6522 VIA are routed directly to the 
application connector. The high current capacity of the VIA's 
eight "B" port lines can directly drive many industry-standard 
devices, such as solid state relays. One of the lines can be used 
as either a serial input or output line. 

The audio recorder interface connects to one or two low-cost 
audio cassette recorders. Two remote control lines can control 
two separate recorders independently during read and write 
operations using the AIM 65 blocked audio recording format. 

Peripherals 

The printer prints on heat-sensitive roll paper by means of ten 
thermal elements, mounted on a movable head, each of which 
can print two 5x7 matrix dot characters. The printed characters 
are formed by dot patterns stored in the AIM 65 Monitor/Editor 
ROMs. A motor-driven platen advances the paper after each 
row of horizontal dots is printed. The motor and thermal element 
driver voltages are derived from an external +24V power supply. 
The printing is controlled by subroutines resident in the Monitor/ 
Editor ROMs. 

The AIM 65 display consists of five four-digit 16-segment 
alphanumeric displays and an R6520 Peripheral Interface 
Adapter (PIA) mounted on the Display Module which connects 
to the Master Module through two short solid-conductor ribbon 
cables. Each display quad contains internal memory, decoder, 
and driver circuitry. The display quads interface with the Master 
Module through the PIA. Data may be sent to the display using 
Monitor ROM subroutines. 

The Keyboard Module connects to the Master Module by a 
removable 16-conductor flat ribbon cable. The interface is 
through an R6532 RAM, I/O, and Timer (RIOT) device which 
supports the Monitor with the RAM and timer. The key matrix 
is strobed by eight lines output through the RIOT with the matrix 
returns routed back through eight R6532 input lines. 
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OPTIONS 

optional hardware and accessory Items are available which 
expand the functbnality of the AIM 65 Microcomputer. The 
microcomputer can be easily installed in an attractive, profes- 
sional, injection molded plastic enclosure for desk-top applica- 
tions. Plug-in memory cartridges (A65-905 series) connect to 
the AIM 65 enclosure to expand memory In configurations of 
RAM and/or PROM/ROM. System expansion via RM 65 mod- 
ules adds memory, input/output and peripheral (e.g., floppy disk 
and CRT display Interface) functions to the on-board AIM 65 
resources. Three different adapters/buffer modules connect the 
AIM 65 Expansion Connector to either one RM 65 module or 
to one of the multi-slot RM 65 motherboards. PROM program- 
ming can be performed using either the AIM 65 PROM Pro- 
grammer or the RM 65 PROM Programmer Module (RM65- 
2901). The latter module has the advantage of being able to be 
used with other RM 65 modules connected to the system, e.g., 
RM 65 FDC module with AIM 65 DOS 1.0 (A65-090) firmware, 
to simplify source and object code handling. 

Optional ROM-based languages support computer program 
development in both R6500 assembly language and high level 
languages. BASIC (by Microsoft) is the most popular microcom- 
puter language used for computation and low speed control 
applications. FORTH is a highly efficient language in terms of 
memory utilization and execution speed — and also greatly 
shortens program development time. PL/65 provides structured 
control statements and compiles to 6500 assembly language to 
serve as an efficient system Implementation language. The AIM 
65 Pascal is a unique implementation of a substantial subset of 
standard Pascal which features interactive statement entry and 
execution with debug features at the source statement level. 



OPTION ORDERING INFORMATION 



Part No. 


Description 


Accessories 




and Hardware 




A65-002 


AIM 65 Enclosure 


A65-003 


AIM 65 Service Test Board 


A65-004 


AIM 65 Power Supply & Cable 


A65-006 


AIM 65 Enclosure and Power Supply 


A65-901 


AIM 65 PROM Programmer 


A65-905 


AIM 65 Memory Cartridge 


RM65-7101E 


RM 65 Single Card Adapter for AIM 65 


RM65-7104E 


RM 65 Adapter/Buffer Module for AIM 65 


RM65-7116E 


RM 65 Cable Driver & Buffer Module for AIM 65 


Firmware 




A65-010 


AIM 65 Assembler ROM 


A65-020 


AIM 65 BASIC Interpreter ROMs 


A65-030 


AIM 65 PL/65 Compiler ROMs 


A65-040 


AIM 65 Math Package ROM 


A65-050 


AIM 65 FORTH Interpreter System ROMs 


A65-060 


AIM 65 Instant Pascal ROMs 


A65-090 


AIM Disk Operating System Version 1.0 




(DOS 1 .0) ROM'^' 


Software 




A65-024 


AIM 65 BASIC Compiler'^- ^- '^ 


A65-052 


AIM 65 FORTH Compiler'^- ^- ^- ^> 


Notes: 




1 . Requires RM 65 Floppy Disk Controller (FDC) module. 


(RM65-5101NE). 


2. Requires AIM 65 DOS 1 .0 ROM (A65-090). 


3. Provided on 


5V4" double-density disk. 


4. Requires AIM 65 FORTH Interpreter ROMs (A65-050). 







Expansion 


Connector Pin Assignments 






Top (Component Side) 


Bottom (Solder Side) 


Signal 




Input/ 






Signal 




Input/ 


Mnemonic 


Signal Name 


Output 


Pin 


Pin 


Mnemonic 


Signal Name 


Output 


SYNC 


SYNC 





1 


A 


AO 


Address Bit 


O 


RDY 


Ready 


1 


2 


B 


A1 


Address Bit 1 





01 


Phase 1 Clock 





3 


C 


A2 


Address Bit 2 





rm 


Interrupt Request 


1 


4 


D 


A3 


Address Bit 3 





8.0. 


Set Overflow 


1 


5 


E 


A4 


Address Bit 4 





MMl 


Non-Maskable Interrupt 


1 


6 


f= 


A5 


Address Bit 5 





RfeS 


Reset 


1 


7 


H 


A6 


Address Bit 6 





D7 


Data Bit 7 


I/O 


8 


J 


A7 


Address^ it 7 





06 


Data Bit 6 


I/O 


9 


K 


A8 


Address Bit 8 





D5 


Data Bit 5 


I/O 


10 


L 


A9 


Address Bit 9 





D4 


Data Bit 4 


I/O 


11 


M 


AlO 


Address Bit TO 





D3 


Data Bit 3 


I/O 


12 


N 


All 


Address Bit 11 





D2 


Data Bit 2 


I/O 


13 


P 


A12 


Address Bit 12 





D1 


Data Bit 1 


I/O 


14 


R 


A13 


Address Bit 13 





DO 


Data Bit 


I/O 


15 


S 


A14 


Address Bit 14 





-12V 


*-12Vdc 





16 


T 


A15 


Address Bit 15 





+12V 


*+12Vdc 





17 


U 


SYS 02 


System Phase 2 Clock 





CS5 


Chip Select 8 





18 


V 


SYSR/W 


System ftead/Write 





CS9 


Chip Select 9 





19 


w 


R/W 


Read/Write "Not" 





CSA 


Chip Select A 





20 


X 


TEST 


Test 





+5V 


+5 Vdc 





21 


Y 


02 


Phase 2 Clock "Not" 





GND 


Ground 




22 


z 


RAM R/W 


RAIVl Read/Write 





Note: *Notus< 


3d on AIM 65. 
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Application Connector Pin Assignments 



Top (Component Side) 


Bottom (Solder Side) 


Signal 












Signal 








Mnemonic 


Signal Name 


Type 


I/O 


Pin 


Pin 


Mnemonic 


Signal Name 


Type 


I/O 


GND 


Ground . , 






1 


A 


+5V 


+SV 


Power 


, 


PA3 


Port A Data Bit 3 


NMOS 


I/O 


2 


B 




NC 






PA2 


Port A Data Bit 2 


NMOS 


I/O 


3 


C 


02 


CPU Phase 2 Clock 


NMOS 





PA1 


Port A Data Bit 1 


NMOS 


I/O 


4 


D 


R/W 


CPU Read/Write 


NMOS 




PA4 


Port A Data Bit 4 


NMOS 


I/O 


5 


E. 


TAPE IB RTN 


Tape IB Remote Control Return 




I/O 


PAS 


Port A Data Bit 5 


NMOS 


I/O 


6 


F 


TAPE IB 


Tape IB Remote Control 




I/O 


PA6 


Port A Data 'Bit 6 


NMOS 


I/O 


7 


H 


TAPE 2B RTN 


Tape 2B Remote Control Return 




I/O 


PA7 


Port A Data Bit 7 


NMOS 


I/O 


8 


J 


TAPE 2B 


Tape 2B Remote Control 




I/O 


PBO 


Port B Data Bit 


NMOS 


I/O 


9 


K 




NC 






PBl 


Port B Data Bit 1 


NMOS 


I/O 


10 


L 


AUDIO IN 


Audio Input Low 




1 


PB2 


PortB Data Bit 2 


NMOS 


I/O 


11 


M 


AUDIO OUT LO 


Audio Output Low Level 







PBS 


Port B Data Bit 3 


NMOS 


I/O 


12 


N 


+ 12V 


+ 12 Vdc 


Power 


o 


PB4 


PortB Data Bit 4 


NMOS 


I/O 


13 


P 


AUDIO OUT HIGH 


Audio Output High Level 







PAO 


Port A Data Bit 


NMOS 


I/O 


14 


R 


TTY KYBD RTN (+) 


TTY Keyboard Return 


20 mA (+) 




PB7 


Port B Data Bit 7 


NMOS 


I/O 


15 


s 


TTY PWR RTN (+) 


TTY Power Return 


20 mA (+) 




PBS 


Port B Data Bit 5 


NMOS 


I/O 


16 


T 


TTY KYBD 


TTY Keyboard (Data In) 


20 mA (-) 


1 


PB6 


Port B Data Bit 6 


NMOS 


I/O 


17 


U 


TTY PWR 


TTY Power (Data Out) 


20 mA (-) 





CB1 


Port B Control Bit 1 


NMOS 


I/O 


18 


V 


TAPE 2A 


Tape 2A Remote Control . 




I/O 


CB2 


Port B Control Bit 2 


NMOS 


I/O 


19 


w 


TAPE 1A 


Tape 1A Remote Control 




I/O 


CA1 


Port A Control Bit 1 


NMOS 


1 


20 


X 




NC 






CA2 


Port A Control Bit 2 


NMOS 


I/O 


21 


Y 


SERIAL IN . 


Serial Input 




1 


-12V 


-12 Vdc*- 


Power 





22 


z 


+24V 


+24 Vdc** 


Power 





Notes: *P 


In 22 jumpered to -12\ 


' through 


umper 














•*p 


in 2 jumpered to-f-24V 


through ji 


jmper. 















SPECIFICATIONS 



Parameter 


Value 


Outside Dimensions* 
Master Module 
Width 
Depth 
Height** 
Weight 


11.5 in. (292 mm) 
10.5 in. (267 mm) 
2.35 in. (60 mm) 
1 lb. 11 oz. (630 g) 




Keyboard Module 
Width 
Depth 
Height 
Weight 


11.Sin.(292mm) 
4.0 in. (102 mm) 
1.2 in. (30 mm) 
1 lb. 3 oz. (443 g) 




Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0° to 50°C 
0° to 70'^C 
0% to 85% (without condensation) 




Power Connector 


6-Post Terminal Block 




Interface Connector 

JI (Application) and 
J3 (Expansion) 

J2 (Printer) 
J4 (Keyboard) 
J5 (Display) 


44-pin edge connector 

(0.1S6 in. centers). Mates with Viking 

2VH22/1ANDS or equivalent. 

17-pin flexible cable strip connector 

16-pin DIP connector 

32-pin strip connector 




Shipping Specifications 
Size (in box) 
Weight (in box) 


13 in. (330 mm) x 14 in. (355 mm) x 7.5 in. (190 mm) 
8 lb. (3 kg) 


Notes: * Reference PA00-D010. ' 
**To top of the display. 
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ELECTRICAL CHARACTERISTICS 



Power Requirements 



Voltage 


Typ 


Max 


Peak 


Units 


+5V ±5% Regulated 
IK RAM + 2 ROMs* 
4K RAM + 5 ROMs 

+24V ±15% Unregulated 


1.1 
1.8 
0.5 


1.8 
2.8 
1.5 


1.8 
2.8 
2.5** 


A 
A 
A 


Notes: 
* For additional RAM and ROM, allow 

Typ 
1K 2114 RAM (2 devices) 0.160 
4K 2332 ROM device) 0.080 

**+24V peak current specified as worst case witli printer dury cycle 


Max 
0.200 
0.120 

of 75%. For most cases, 


Units 
A 
A 

a +24V 2 A power supply 


is sufficient. 





NMOS Interface (Input Voltage - +5.0V, TA = 25*^0 




Symbol 


Parameter 


Min 


Max 


Unit 


^H 
V|L 
•iH 

'iL 

Vol 
'oH 

'OL 


. Input High Voltage 

Input Low Voltage 

Input High Current 
(V,„ = 2.4V) 

Input Low Current 
(V,j_ = 0.4A) 

Output High Voltage 

"load «oo*' 

Output Low Voltage 

<'load<-3'^^> 

Output High Current (Sourcing) 

(Vqu >2.4V) 

(Vq^ > 1.5V, via PB0-PB7 only) 

Output Low Current (Sinking) 
(Vql<0-4V) 


2.4 
-0.3 
-100 

-1.0 

2.4 

-100 
-1.0 

1-6 


5.0 
+0.4 
-300 

-1.6 

5.0 

0.4 


V 
V 
MA 

mA 

V 

V 

MA 

fYlA 

mA 


TTL —Industry Standard LSTTL 3S TTL —Industry standard Tri-State LS TTL 
OCTTL —Industry Standard Open Collector LS TTL TPTTL —Industry standard Totem Pole LS TTL 
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PORTA 
(10 LINES) 

A 



APPLICATION CONNECTOR 



ILJLl 



PORT B 
(10 LINES) 

A 



TELETYPE 
INTERFACE 



DUAL AUDIO 
CASSETTE 
INTERFACE 



¥^^ 



SYSTEM 
R6522 VIA 



I 



PRINTER 
INTERFACE 



I 



20-COLUMN 

ALPHANUMERIC 

THERMAL 

PRINTER 



R6532 
RAM-l/0- TIMER 



i 



KEYBOARD 
INTERFACE 



A 



V 



54-KEY 

TERMINAL STYLE 

KEYBOARD 



1 



V 



"i_r 



EXPANSION CONNECTOR 



USER DEDICATED 
R6522 VIA 



O 



i 



=> 




R6502 
CPU 



I 



20-CHARACTER 

ALPHANUMERIC 

DISPLAY 



AIM 65 Microcomputer Block Diagram 



READ/WRITE 

MEMORY (RAM) 

(1KOR4K) 



PROM/RAM 

EXPANSION SOCKETS 

(UP TO 12K) 



ADVANCED 

INTERACTIVE 

MONITOR 

(8K) 
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MONITOR COMMANDS 

Major Function Entry 

<RESET Button)— Enter and Initialize Monitor 

ESC — Reenter Monitor 

E — Enter and Initialize Text Editor 

T — Reenter Text Editor 

N ~ Jump to DOOO 

5 — Jump to BOOO 

6 — Jump to B003 

Instruction Entry and Disassembly 

I — Enter mnemonic instruction entry mode 
K — Disassemble memory 

Display/Alter Registers and Memory 

* — Alter Program Counter to (address) 
A — Alter Accumulator to (byte) 

X — Alter X Register to (byte) 

Y — Alter Y Register to (byte) 

P — Alter Processor Status to (byte) 

8 — Alter Stack Pointer to (byte) 

R — Display all registers 

M — Display four memory locations, starting at (address) 

(SPACE) — Display next four memory locations 

/ — Alter current memory location 

Manipulate Breakpoints 

# — Clear all breakpoints 

4 — Toggle breakpoint enable on/off 

B — Set one to four breakpoint addresses 

? — Display breakpoint addresses 

Control Instruction/Trace 

G — Execute user's program 

Z — Toggle instruction trace mode on/off 

V — Toggle register trace mode on/off 
H — Trace Program Counter history ' 

Control Peripheral Devices 

L — Load object code into memory from peripheral I/O device 
D — Dump object code to peripheral I/O device 

1 — Toggle Tape 1 control on/off 

2 — Toggle Tape 2 control on/off 

3 — Verify tape checksum 
CTRL PRINT — Toggle Printer on/off 
LF — Line Feed 

PRINT — Print Display contents 

Call User-Defined Functions 

F1 — Call User Function 1 
F2 — Call User Function 2 
F3 — Call User Function 3 



TEXT EDITOR COMMANDS 

R — Read lines into text buffer 

I — Insert line into text buffer 

K — Delete current line of text 

(SPACE) — Display current line of text 

L — List lines of text to peripheral I/O device 

U — Move up one line 

D — Move down one line 

T — Go to top line of text 

B — Go to bottom line of text 

F — Find character string 

C — Change character string 

Q — Quit Text Editor, return to Monitor 



AIIM 65 Memory Map 



EOOO 
DFFF 



DOOO 
CFFF 

COOO 
BFFF 

BOOO 
AFFF 

AOOO 
9FFF 

8000 
7FFF 



4000 
3FFF 



AIM 65 

DEBUG MONITOR 

& TEXT EDITOR ROMs 



OPTIONAL 
ASSEMBLER 



OPTIONAL 
BASIC 



OPTIONAL 
FORTH** 



OPTIONAL 
PL/65* • 



RESERVED 



OPTIONAL 
Pascal** 



AIM 65 
ONBOARD I/O 



USER AVAILABLE 



OPTIONAL 
Pascal** 



1000 
FFF 

4A0 
49F 

200 
IFF 

100 
FF 



<> 



> ON -BOARD 



^ 



USER AVAILABLE 



USER AVAILABLE •• 



6502 STACK AND 
AIM 65 SYSTEM 



> OFF-BOARD 




> ONBOARD 



NOTES: 



•USER AVAILABLE IF MONITOR/EDITOR IS NOT USED. 
••USER AVAILABLE IF OPTIONAL LANGUAGE IS NOT USED: 



LANGUAGE 


PAGED 


PAGE 2-4 


Assembler 


ODE- 


NOT USED 


BASIC 


0-D6 


200-211 


FORTH 


0-A4 


200 - 30A 


PL/65 


0-04 


200- 49 F 


Pascal 


06-B4, FC-FF 


200 - 2FF 


Monitor /Editor 


DFFF 


NOT USED 
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A65-0500 
AIM 65 MICROCOMPUTER SYSTEM 



DESCRIPTION 

The AIM 65 "500" Series Microcomputer %stem offers the pop- 
ular AIM 65 Microcomputer, power supply, interconnect wiring, 
switches, and attractive injection molded enclosure— all fully 
connected, assembled, and ready for operation. Four models, 
pre-configured with varying combinations of ROM-based lan- 
guages, support many different educational, scientific, or indus- 
trial applications. The stylistic, low profile, compact enclosure 
with fine textured, nonreflective brown finish complements 
classroom, industrial, office or laboratory environments. 

All models include a full-size terminal-style keyboard and 20- 
character alphanumeric display for interactive operator com- 
munications and a 20-column printer for hard copy records of 
computed results of programs and/or data. Serial interface 
and control lines are provided for audio cassette storage of pro- 
grams and data files. The microcomputer memory features 4K 
bytes of RAM arrd 8K bytes of ROM-resident interactive debug 
monitor and text editor in addition to the available languages. 
Most important may be the flexibility afforded by the user- 
dedicated I/O port that interfaces to application sensors, actua- 
tors or peripherals. Built-in I/O features include two 8-bit parallel 
handshake and one serial bidirectional data ports. Two 16-bit 
timer/controllers are available for time measurement or event 
counting. Finally, the microcomputer bus is accessible at a con- 
nector for external expansion with the AIM 65 memory cartridge 
system (A65-905-XX), AIM 65 PROM programmer (A65-901) 
or a selection of RM 65 modules such as floppy disk or CRT 
controllers. ! 

^'^^.-;'' 




FEATURES 

• R6502 CPU-based single board computer 

• 20-character 1 6-segment display 

• 20-column thermal printer 

• Full-size 54-key terminal-style keyboard 

• ROM-resident Debug Monitor/Text Editor 

• Parallel application connection 

• Expansion bus connection 

• Includes power supply, switches and wiring 

• Sturdy aluminum base 

• Low-profile injection molded ABS top cover 

• Enclosed, plug-in memory cartridge option for desk-top 
expansion 

• RM 65 peripheral, input/output and memory module expar>- 
slon interface 

• Fully assembled, tested and warranted. 

ORDERING INFORMATION 



Part No. 


Description 


A65-0500 
A65-0515 

A65-0520 
A65-0550 


AIM 65 Microcomputer System with 4K RAM and 

12K PROM/ROM capacity 

AIM 65 Microcomputer System with 4K RAM, 8K 

BASIC Interpreter ROMs and 4K PROM/ROM 

capacity ^ 

AIM 65 Microcomputer System with 4K RAM, 8K 

BASIC interpreter ROMs and 4K Assembler ROM 

AIM 65 Microcomputer System with 4K RAM, 8K 

FORTH ROMs and 4K PROM/ROM capacity 


Order No. 


Description 


209 

209L 

217 

200 

201 

202 

221 

233 

265 

283 


AIM 65 Microcomputer User's Guide ^^ ^ 

AIM 65 Monitor Usting^^' 

AIM 65 Reference Card <^> 

R6500 Programming Reference Card^"" ' 

R6500 Hardware Manual ^^^ 

R65Q0 Programming Manual '^ ' 

AIM 65 BASIC Language Reference Manual '^^ 

AIM 65 BASIC Reference Card^^' 

AIM 65 FORTH User's Manual^^' 

AIM 65 FORTH Reference Card^=^' 


Notes: 

1. Included with all models. 

2. Included with A65-0515 and A65-0520. 

3. Included with A65-0550. 



All\/I 65 Microcomputer System 
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A65-0500 



AIM 65 Microcomputer System 



SPECIFICATIONS 



Characteristics 


Values 


Dimensions 

Width 
Depth 
Height 


13.0 in. (330 mm) 
15.5 in. (395 mm) 
3.9 in. (100 mm) 


Weight 


1 1 lb. (5 kg) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°to50°C 
0°to70°C 
0% to 85% (without condensation) 


Power 

Input voltage 
Fuse 
Power cord 

Power supply output 


115 Vac ± 10%, 47-63 Hz <^' 

115 Vac, 1 A 

6 ft., 3-conductor cord (125 VAC, 13A rating) with molded vinyl grounding 

plug (NEMA 5-1 5P) Class B 

5 VDC (3.0A max.) 

24 VDC (0.5 ave., 2.5A peak) 


Interface Connector <2) 

J1 (Application) and 
J3 (Expansion) 


44-pin edge connector (0.156 in. centers) 
Mates with Viking 2VH22/1 AND5 or equivalent 


Notes: 

1. Power supply transformer input connections can be changed for 230 Vac ± 10% input voltage. 

2. Refer to Data Sheet Order No. D79 for A65-100, -400 for additional specifications. 
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A65-002 • A65-006 

AIM 65 Microcomputer Family 




A65-002, A65-006 
AIM 65 MICROCOMPUTER ENCLOSURE 



PRODUCT OVERVIEW 

The AIM 65 Microcomputer Enclosure is an attractive, profes- 
sional housing for the Rockwell AIM 65 Microcomputer. Fea- 
turing low-profile stylistic design, fine-textured, non-reflective 
finish and handsome brown color, the enclosure makes the AIM 
65 Microcomputer a pleasing addition to the office, laboratory, 
classroom and light Industrial environment. The 13 x 15.5 x 
3.9 Inches enclosure occupies minimal desk-top space. 

The enclosure consists of a sturdy aluminum base and a durable 
injection-molded top cover. The base includes mounting provi- 
sions for the power supply, line cord, power switch and circuit 
breaker. The cover is UL approved flame-retardant ABS mate- 
rial with metal threaded inserts for firm attachment to the base. 

Offered with or without an internal power supply, the enclosure 
comes with a rocker-type power on/off switch, a pushbutton 
reset switch, a 6-foot, 115 Vac line cord with 3-prong plug, a 
fuse holder and fuse, and internal wiring for easy assembly to 
the AIM 65 Microcomputer. 

The filtered power supply provides +5V (regulated) at 3A and 
+24V (regulated) at .5A (average)/2.5A (peak). Prewired DC 
power lines terminated with lugs connect directly to the AIM 65 
Microcomputer power terminal strip. The AIM 65 Microcomputer 
system passes the FCC Class B radio frequency interference 
requirements for personal computers when used with the A65- 
006 Enclosure and power supply. 

An external paper holder and paper feed guide allows easy 
printer paper replacement without top cover removal. A clear 
plastic tear bar with a straight knife edge is permanently attached 
to the top cover for convenient paper tear-off. Rear openings 
permit access to the application and expansion connectors. A 
remote Reset switch installed on the top cover is pre-wired to 
slip-on terminals to mate with external Reset switch posts on 
the AIM 65 Master Module. Removeable plugs allow access to 
the RUN/STEP and TTY/KB switches on the AIM 65 Master 
Module. 



FEATURES 

• Attractive, low-profile styling 

• Compact and Portable 

• Sturdy aluminum base with integral accessory mounting 
brackets 

• Durable injection-molded ABS top cover 

—Access holes to Application and Expansion connectors 
— External RESET push-button switch 
—Pluggable access holes to STEP/RUN and TTY/KB switches 
—Clear plastic printer paper tear bar 

• All necessary accessories 

—Rocker-style power on/off switch 

— Fuse holder 

« 

—Line Cord 

— All assembly hardware included 

• Optional +5V +24V internal power supply operates from 1 1 5/ 
230Vac @ 50/60 Hz 




Document No. 29000D80 
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A65-002 and A65-006 



AilM 65 Microcomputer Enclosure 



ORDERING INFORMATION 



Part No. 


Description 


A65-002 
A65-006 


AIM 65 Enclosure (without Power Supply) 
AIM 65 Enclosure and Power Supply 



SPECIFICATIONS 



Ciiaracteristic 


Value 


Characteristic 


Value 


Dimensions 

Depth 
Width 
Height 


12.9 in (328 rnm) 
15.5 in (394 mm) 
%.9 in ( 99 mm) 


Accessories (cont.) 

Power Cord 
Type 
Plug 
Length 
Rating 


3-wire/l 8-gauge 
US3-prong(NEMA5-15P) 
6 feet 
125V/13A 


Weight 

without Power Supply 
with Power Supply 
Shipping Weight 
without Power Supply 
with Power Supply 


5 lb. oz. (2.24 kg) 
9 lb. 6 oz. (4.20 kg) 

6 lb. 8 oz. (2.9 kg) 
10 1b. 14 oz. (4.87 kg) 


Power Supply 

AC Input 

DC Output 1 
Voltage 

Current 

Overvoltage Protection 

DC Output 2 
Voltage 
Current 

Short Circuit Protection 


115/230 Vac ± 10%, 
47-63HZ 

(Derate output current 
10% for 50 Hz operation) 

Adjustable -h5Vdc±5% 

(regulated) 
3.0A 
6.2±0.4Vdc 

Adjustable +24Vdc (regulated) 
0.54 (average)/2.5A (peak) 

Automatic current limit/foldback 


Construction 

Base Material 

Mounting Brackets 
Cover 
Material 
Forming 
Color 
Finish 


Sheet Aluminum with 

Chem-film finish 
Integral 

Flame-retardant ABS plastic 
Injection Molded 
Dark Brown 
Non-Reflective, 
fine textured 


Accessories 

Fuse 

Power On/Off Switch 
Reset Switch 


115 Vac @1 A/ 
230Vac@0.5A 
Rocker-style 
Square Push-button 


Temperature Rating 


0° to 50°C full rated output 
(Derated linearly) to 40%@70°C 


UL Recognized 
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A65-003 

AIM 65 Microcomputer Family 




A65-003 
AIM 65 SERVICE TEST BOARD 



DESCRIPTION 

The AIM 65 Service Test Board, in conjunction with the AIM 65 
Microcomputer and AIM 65 Debug Monitor ROMs, performs a 
complete functional test of the microcomputer. This test board 
provides a convenient way to test the AIM 65 microcomputer 
either after repair or during periodic inspection and preventative 
maintenance. The module connects directly to the AIM 65 
Microcomputer Application and Expansion connectors. Power 
is supplied from the AIM 65 Microcomputer eliminating addi- 
tional power connection requirements. 

The ROM-based test program can be initiated immediately after 
microcomputer power turn-on. Menu type command prompts 
simplify test selection. Five separate commands allow test level 
selection appropriate to the test objective. ALL TESTS selection 
performs nine separate tests consecutively to check all micro- 
computer circuits as well as the application and expansion inter- 
faces. Once initiated, operation is automatic with operator 
response required only to type keys to test the keyboard and 
to advance testing after printer adjustment. SINGLE TEST mode 
allows a specific test to be performed — this is especially useful 
when testing a particular device or circuit. CONTINUOUS TEST 
performs a repetitive test of the microcomputer without operator 
intervention^thus supporting burn-In operation and test after 
component replacement. R6532 and 2114 RAM can be selec- 
tively checked with the R6532 RAM and 2114 RAM tests, 
respectively. 

Test commands and results are displayed and printed. The 
printout provides hardcopy test results for easy inclusion in 
equipment maintenance records. Adjustment of potentiometers 
controlling printer speed, printer dot intensity and audio tape 
circuit gain enables proper and consistent settings. An LED pro- 
vides visual indication of proper audio circuit gain adjustment. 
Mechanical adjustment of printer gear alignment is also 
supported. 



FEATURES 

• Performs complete functional test 

• No external equipment required 

• Provides hardcopy test results 

• ROM-based 4K-byte test program for immediate operation 

• Performs five tests upon command 
—ALL TESTS 

—SINGLE TEST 
—CONTINUOUS TEST 
— R6532 RAM TEST 
—2114 RAM TEST 

• Tests nine separate functions in ALL TEST mode or upon 
SINGLE TEST command 

— Chip select logic 

— ROM checksum 

— R6532 and 2114 RAM 

—User R6522 VIA 

—System R6522 VIA 

— Display 

— Printer 

—Switch 

— Keyboard 

• Isolates most failures to component level 

• Supports calibration of variable adjustments 
— Audio tape circuit gain 

— Printer speed 
— Print intensity 
— Printer dot alignment 

• Audio tape circuit gain adjustment LED indicator 

• Easy installation— connects directly to AIM 65 Application 
and Expansion connectors 

• No external power required 

ORDERING INFORMATION 



Part No. 


Description 


A65-003 


AIM 65 Service Test Board 


Order No. 


Description 


2117 


AIM 65 Self-Test Module User's Manual 
(Included with A65-003) 



Document No. 29001 D24 
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A65-003 



AIM 65 Service Test Board 




A65-003 AIM 65 Service Test Module 
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A65-004-03 

AIM 65 Microcomputer Family 




A65-004-03 
AIM 65 POWER SUPPLY AND CABLE 



DESCRIPTION 

The AIM 65 Power Supply and Cable is a compact open frame 
DC power supply with output cable for connection to an AIM 65 
Microcomputer. The power supply fits compactly inside the 
AIM 65 Enclosure (A65-002) to provide a complete table top 
microcomputer system. The +5V/3A output provides plenty of 
power for full on-board PROM/ROM and RAM expansion. The 
+24V/1 .5A output supplies power for the AIM 65 microcomputer 
printer. 

Slip-on terminals on the AC input terminal strip simplify con- 
nection to a wide range of input power: 110/115/215/230 Vac 
at 47-63 Hz.<The 3-wire DC output cable, factory connected to 
the power supply output terminals, can be readily connected to 
the AIM 65 input power terminals. 

Both outputs are current limited to prevent damage to the power 
supply if the outputs are overloaded or accidentally shorted 
together. Full power is provided from 0° to 50°C. 



FEATURES 

• Dual AC input voltage 

—1 10 or 1 15 Vac @ 47-63 Hz or 
—215 or 230 Vac @ 47-63 Hz 

• Two DC output voltages 

— +5V for AIM 65 Microcomputer logic 
— +24V for AIM 65 Microcomputer printer 

• Slip-on input connection 

• Compact size— fits in AIM 65 Enclosure 

• Meets FCC Class B RFI requirements for personal computers 
when connected to the AIM 65 Microcomputer 

• DC output cable mcluded 

ORDERING INFORMATION 



Part No. 


Description 


A65-004-03 


Power Supply and Cable . 




A65-004-03 Power Supply 
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A65-004-03 



AIM 65 Power Supply and Cable 



SPECIFICATIONS 



Parameter 


Value 


Parameter 


Value 


AC Input 


1 1 5/230 Vac ± 1 0%, 47-63 Hz 


Dimensions 






(Derate output current 10% for 50 


A 


6.31 in. (160.3 mm) 




Hz ope ration) 


B 


4.50 in. (114.3 mm) 






C 


3.78 in. (96.0 mm) 


DC Output 1 




D 


1.62 in. (41.3 mm) 


Voltage 


Adjustable +5 Vdc ± 5% (regulated) 


E 


0.45 in. (1 1 .4 mm) 


Current 


3.0A 


F 


1.10 in. (27.9 mm) 


Overvoltage Protection 


6.2 ± 0.4 Vdc 


G 


2.12 in. (53.8 mm) 






H 


0.95 in. (24.1 mm) 


DC Output 2 




1 


1.24 in, (31.5 mm) 


Voltage 


Adjustable +24 Vdc (regulated) 


J 


3.62 in. (91 .9 mm) 


Current 


0.5A (average)/2.5A (peak) 


K 


1 .20 in. (30.5 mm) 






L 


8-32 THD (3) 


Short Circuit Protection 


Automatic current limit/foldback 


Output Cable 








Length 


10 in. (254.0 mm) 


Temperature Rating 


0°C to 50°C full rated output (Derated 


Type 


3-wire jacketed with internal balun 




linearly to 40% @ 70°C) 


Load Termination 


Spade lugs 






Routed Outputs 


+5V, +24V and COM 



n 



Lt 



1' 



ni 



B 



AC INPUT TERMINAL DC OUTPUT TERMINAL* 
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t 
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*SHOWN WITHOUT DC OUTPUT CABLE ATTACHED 
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A65-010 

AIM 65 Microcomputer Family 




A65-010 
AIM 65 ASSEMBLER ROM 



ASSEMBLY LANGUAGE 

An assembler translates microprocessor Instructions and data 
statements written in symbolic form (the source program) into 
machine executable code (the object program). The AIM 65 
Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an qperand (if required) 
and arithmetic operator (if required) into a machine Instruction 
consisting of from one to three bytes of memory. Constants 
comprising one or more bytes of memory are generated from 
data statements while one or more bytes of memory are assigned 
to variables. The assembler operates in two passes. Pass 1 
checks for syntax errors and assigns values to symbols In a 
symtx)l table. Pass 2 generates the actual rnachine code and 
outputs the assembly listing which lists the source code and the 
corresponding machine code. 

The source code Is usually entered using the AIM 65 Text Editor 
then assembled to generate the machine code for program 
execution and debugging. Program changes to the source pro- 
gram can easily be edited then the program reassembled to 
generate the new machine code thus eliminating the need for 
the programmer to code and recede the program in machine 
code — a time consuming and laborious process. 



PRODUCT OVERVIEW 

The AIM 65 Assembler is a 4K-byte ROM-resident^ two-pass 
symtx)lic assembler that plugs into socket Z24 on the AIM 65 
Microcomputer Master Module and operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. The assembler 
translates computer program instructions written in standard 
assembly language for the 6502 microprocessor into machine 
code that will operate in any 6502 or 65XX CPU. Operating 
optbns are selected interactively by the operator upon assembly 
command. These options specify source code device, object 
code device, symbol table location, full assembly or errors only 
output listing and output listing device. Memory to memory 
assembly is supported for rapid program generation. Compati- 
bility with the" RM 65 Floppy Disc Controller (FDC) module 
(RM65-5101NE) and AIM 65 DOS 1.0 ROM (A65-090) allows 
source code to be input from one or more files on floppy disk 
and object code to be output to a floppy disk file to assemble 
very large programs and to permanently save source and object 
code. 



FEATURES 

• AIM 65 Microcomputer host 

• 6502 machine code generation 

• ROM-resident for immediate operation 

• Symbolic linkage — operands and labels 

• Interactive assembler operation setup 

• Operator selected input device 
—Memory (text buffer) 

— Audio tape 
— TTY 
—User defined 

• Operator selected object code output device 
^^Memory (RAM) 

— Audio tape 

—TTY 

-^Display/printer 

—Printer 

— User-defined 

• Operator selected assembly/error listing output device 
—Display/printer 

— Printer 

— User-defined 

• Assembler directives 

• AIM 65 DOS 1 .0 compatible 

MEMORY MAP 



Address (Hex) 


Contents 


$DGOO-$DFFF 
$0-$AC 


Assembler Program 
Assembler Variables 


ORDERING INFORMATION 


Part No. 


Description 


A65-010 


AIM 65 Assembler ROM 


Order No. 


Description 


209 


AIM 65 User's Guide 
(includes AIM 65 Assembler 
User's Instructions) 



Document No. 29001D12 
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A65-010 



AIM 65 Assembler ROM 



R6502 CPU INSTRUCTIONS 



Mfiemonic 


Instruction 






ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


AND Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 


BCC 


Branch on Carry Clear 


LSR 


Shift Right One Bit (Memory or Accumulator) 


BCS 


Branch on Carry Set 


NOP 


No Operation 


BEQ 

BIT 


Branch on Result Zero 

Test Bits in Memory with Accumulator 


ORA 


OR Memory with Accumulator 


BMI 


Branch on Result Minus 


PHA 




BNE 


Branch on Result Not Zero 


PHP 


Push Processor Status on Stack 


BPL 


Branch on Result Plus 


PLA 


Pull Accumulator from Stack 


BBK 


Force Break 


PLP 


Pull Processor Status from Stack 


BVC 
BVS 


Branch on Overflow Clear 
Branch on Overflow Set 


ROL 
ROR 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 


CLC 


Clear Carry Flag 


RTI 


Return from Interrupt 


CLD 


Clear Decimal Mode 


RTS 


Return from Subroutine 


CLI 
CLV 
CMP 


Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 


SBC 
SEC 
SED 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 
Set Decimal Mode 


CPX 
CPY 


Compare Memory and Index X 
Compare Memory and Index Y 


SEI 
STA 


Set Interrupt Disable Status 
Store Accumulator in Memory 


DEC 


Decrement Memory by One 


STX 


Store Index X in Memory 


DEX 


Decrement Index X by One 


STY 


Store Index Y in Memory 


DEY 


Decrement Index Y by One 


TAX 


Transfer Accumulator to Index X 


EOR 


Exclusive-OR Memory with Accumulator 


TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 


INC 


Increment Memory by One 


TXA 


Transfer Index X to Accumulator 


INX 


Increment Index X by One 


TXS 




INY 


Increment Index Y by One 


TYA 


Transfer Index Y to Accumulator 


JMP 


Jump to New Location 






JSR 


Jump to New Location Saving Return Address 







AIM 65 ASSEMBLER DIRECTIVES 



Coffiinsnd 


Function 


Command 


Function 


= 


Equate 


.OPT 


Listing control option 


.BYTE 


Byte constant 


LIS/NOL 


Assembly listing generation 


.WORD 


Word constant 


GEN/NOG 


Object code question 


.DBYTE 


Double-byte constant 


ERR/NOE 


Error listing generation 


.PAG 


Page heading 


.FILE 


Source code file linkage 


.SKIP 


Skip line 


.END 


Last statement/first source code file linkage 
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AIM 65 Microcomputer Family 




A65-020 
AIM 65 BASIC INTERPRETER ROMS 



BASIC LANGUAGE 

BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gairied 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E -39 to 1 .701 41 1 83E4-38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrap^ 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 

PRODUCT OVERVIEW 

The AIM 65 BASIC Interpreter, consisting of input formatter, 
lister, floating point functions, interpreter and input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
Z25 and Z26 on the AIM 65 Microcomputer Master Module. AIM 
65 BASIC operates in one of two modes, development and run- 
time. In the development mode, BASIC statements are entered 
and executed as either direct or indirect commands. Direct com- 
mands are executed upon entry to provide immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number and are executed upon RUN command entry. The 
AIM 65 microcomputer peripherals, i.e., the keyboard, 20-char- 
acter single line display and 20 column printer, are used in the 
development mode to enter statements, to list entered indirect 
statements and to display/print execution results. The AIM 65 
Debug Monitor/Text Editor ROMs must be resident in both the 
run-time and the development mode. 

In the run-time mode, BASIC begins execution of the application 
program (i.e., previously entered indirect statements) without 
entering the BASIC command level. A short user-provided driver 
program initializes BASIC upon entry from the AIM 65 Monitor 
command level via key depression or execution command (or 
upon power turn-on or RESET if the RESET vector points to the 
application program). 

The AIM 65 BASIC Interpreter ROMs, when installed in the AIM 
65 Microcomputer, support development and checkout of an 
application program written in BASIC that is to be installed in 
an RM 65 Single Board Computer (SBC) module for run-time 
operation. The developed program, located in PROM or loaded 
from mass storage, will run with RM 65 Run-Time BASIC ROM 



installed in the RM 65 SBC module. In this configuration, all RM 
65 input/output operations must be user-provided and can be 
tested using the AIM 65 Microcomputer prior to being installed 
in the RM 65 environment. 



LANGUAGE FEATURES 

• BASIC is easy to learn 

• Microsoft BASIC is universally accepted 

• BASIC is widely used 

• Supports simple and complex statements 

• Floating point arithmetic functions 
— Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 

—Natural logarithm 

• String variables and arrays 

• Integer variables 

• Subroutine calls 

• Conditional expressions 

• User function 

INTERPRETER FEATURES 

• AIM 65 Microcomputer host 

• ROM resident for immediate operation 

• Operates in development and run-time modes 

• Fast execution (reference Microsoft 6502 BASIC 
Interpretation) 

• Develops programs for execution in AIM 65 Microcomputer 
with AIM 65 BASIC installed or in RM 65 Single Board Com- 
puter (SBC) module based system with RM 65 Run-Time 
BASIC installed 

• Executes application program from RAM or PROM 

ORDERING INFORMATION 



Part No. 


Description 


A65-020 
RM65-0122 


AIM 65 BASIC ROMs 

RM 65 Run-Time BASIC ROM 


Order No. 


Description 


221 
233 
810 


AIM 65 BASIC Language Reference Manual*^' 

AIM 65 BASIC Reference Card'^^ 

RM 65 Run-Time BASIC User's Manual'^' 


Notes: 

1 . Included with A65-020. 

2. Included with RM65-01 22. 
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A65-020 



AIM 65 BASIC Interpreter ROMs 



MEMORY MAP 



Address (Hex) 



$BOOO-$CFFF 

$200-$20F 

$0-$D6 



Contents 



AIM 65 BASIC Program 
AIM 65 BASIC Variables 
AIM 65 BASIC Variables 



PROM PROGRAMMING 

The "application program is easily programmed into a PROM for 
operation in an OEM or end-user environment using the AIM 65 
Microcomputer connected to either an RM 65 PROM Pro- 
grammer module (RM65-2901E) or an AIM 65 PROM Pro- 
grammer and CO-ED Module (A65-901). 



BASIC STATEMENTS 



Program Statements 


Commands 


String Functions 


DEFFN 


CLEAR 


ASC 


DIM 


CONT 


CHR$ 


END 


FRE 


LEFTS 


FOR 


LIST 


LEN 


GOSUB 


LOAD 


MID$ 


GOTO 


NEW 


RIGHTS 


IF . . . GOTO 


PEEK 


STR$ 


IF . . . THEN 


POKE 


VAL 


LET 


RUN 




NEXT 


SAVE 


Arithmetic Functions 


ON . . . GOSUB 




ABS 
ATN* 


ON . . . GOTO 


Input/Output 


REM 
RESTORE 


DATA 
GET 


COS 
EXP 


RETURN 
STOP 
USR 
WAIT 


INPUT 
READ 


INT 
LOG 


PRINT 
SPC 


RND 
SIN 




TAB 


SGN 




POS 


SQR 
TAN 


* Links to user-provided function. 
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A65-024 
AIM 65 BASIC COMPILER 



BASIC LANGUAGE 

BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acGeptance and is commonly used world-wide in 
schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E-39 to 1 .701 41 1 83E+38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental, functions 
support trigonometric, exponential, square, square root, poly- 
nomial and logarithmic operations. 

PRODUCT OVERVIEW 

The AIM 65 BASIC Compiler, consisting of the BASIC compiler 
and BASIC run-time library, is contained on an AIM 65 diskette. 
The BASIC Compiler, in conjunction with the BASIC run-time 
library, compiles a program written in the BASIC language into 
a 6500 assembly language source file and an optimized run- 
time library file. The BASIC source code file is made up of 
indirect BASIC commands and statements. The two output files, 
assembly source file and optimized run-time file, are then 
assembled using the AIM 65 Assembler to create a BASIC 
object code file for execution. 

The AIM 65 Text Editor can be used to create and edit the 
application program source code. The AIM 65 peripherals, i.e., 
keyboard, 20-character single-line display and 20-column printer, 
are used to enter and list BASIC statements and to display/print 
execution results. 

The disk-based compiler operates on the AIM 65 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65 DOS 1.0. The AIM 65 Assembler (Part 
No. A65-010) is required to support the BASIC Compiler on the 
AIM 65 Microcomputer. 



LANGUAGE FEATURES 

• BASIC is easy to learn 

• Microsoft BASIC is universally accepted 

• BASIC is widely used 

• Supports simple and complex statements 

• Floating point arithmetic functions 
—Add, subtract, multiply, divide 

— Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 
— ^Natural logarithm 

• String variables and arrays 

• Integer variables 

• Subroutine calls 

• Conditional expressions 

• User function 

COMPILER FEATURES 

• Aim 65 Microcomputer host 

• Generates standalone object code 

• Compiles to 6500 assembly language easing optimization 

• Fast execution 

• Develops programs for execution in AIM 65 Microcomputer 
without AIM 65 BASIC installed or in RM 65 Single Board 
Computer (SBC) module based system without RM 65 Run- 
Time BASIC installed 

• Executes application program from RAM or PROM 

ORDERING INFORMATION 



Part No. 


Description 


A65-024 


AIM 65 BASIC Compiler 


Order No. 


Description 


2159 
233 


AIM 65 BASIC Compiler User's Manual ^^> 
AIM 65 BASIC Reference Card<^ ' 


Note: 

1. Included with A65-024. 
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MEMORY MAP 



Address (Hex) 


Contents 


$1000-$3C00 
$0-$FF 


AIM 65 BASIC Compiler 
AIM 65 BASIC Variables 



PROM PROGRAMMING 

The application program is easily programmed Into a PROM for 
operation in an OEM or end-user Environment using the AIM 65 
Microcomputer connected to either an RM 65 PROM Pro- 
grammer module (RM65-2901E) or an AIM, 65 PROM Pro- 
grammer and CO-ED Module (A65-901). 



BASIC STATEMENTS 



Program Statements 

DEFFN 

DIM 

END 

FOR 

GOSUB 

GOTO 

IF . . . GOTO 

IF . . . THEN 

LET 

NEXT 

ON . . . GOSUB 

ON . . . GOTO 

REM 

RESTORE 

RETURN 

STOP 

USB 

WAIT 



Commands 

PEEK 
POKE 

Input/Output 

DATA 

GET 

INPUT 

READ 

PRINT 

SPC 

TAB 

POS 



String Functions 

ASC 

CHR$ 

LEFTS 

LEN 

MID$ 

RIGHTS 

STR$ 

VAL 

Arithmetic Functions 

ABS 

ATN* 

COS 

EXP 

INT 

LOG 

RND 

SIN 

SGN 

SOR 

TAN 



* Links to user-provided function. 



i 
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PL/65 LANGUAGE 

PL/65 is a high level language developed for the R6500 family 
of microprocessors. Resembling PL/I and Algol in general form, 
PU65 combines high level language attributes with the power 
and flexibility of assembly language for efficient generation of 
time-critical and system implementation software. High jevel 
constructs speed program development and eliminate machine 
coding errors by the use of compiler generated algorithms. All 
language features are aimed at improving the productivity of the 
systems programmer by simplifying the writing of computer pro- 
grams normally written in assembly language. 

PRODUCT OVERVIEW 

The AIM 65 PLyeS Compiler is contained in two 4K-byte ROMs 
that plug into sockets Z25 and Z26 on the AIM 65 Microcom- 
puter Master Module. The compiler operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. Source code 
written in PL/65 is compiled into assembly language instructions 
rather than 6502 CPU machine code to allow program enhance- 
ment at the assembly level, if needed, and to avoid symbol 
manipulation in the compiler. Drop down capability allows 
assembly language to be incorporated in-line in the source 
code, however. The generated assembly language may then be 
assembled on the AIM 65 Microcomputer using the AIM 65 
Assembler ROM. 

Compatibility with the RM 65 Floppy Disk Controller (FDC) 
module and AIM 65 DOS 1 .0 firmware allows efficient mass 
storage and file handling of source code written in PL765, the 
Piy65 compiler generated assembly language and the assem- 
bled machine code — especially for large programs. The com- 
piler inputs source code from the AIM 65 Text Editor, audio tape, 
TTY or user-defined devices and outputs assembly code to dis- 
play/printer, memory, audio tape, TTY or user defined devices. 
The floppy disk Interface is implemented through the user-defined 
functions via DOS 1 .0 firmware. 

PL765 compilers have also been implemented on the AIM 
65/40 Microcomputer and the System 65 Development system 
to allow programs written in PLy65 to be transported between 
these systems. AIM 65 and AIM 65/40 PU65 Is a subset of the 
System 65 PLy65. 



FEATURES 

• AIM 65 Microcomputer host and target 

• ROM resident for immediate operation 

• Resembles PL/I and Algol 

• Increases program productivity and efficiency 

• Improves program reliability 

• Reduces programming errors 

• Drops down to assembly language by block or single Instruc- 
tion for optimal code efficiency 

• Includes control structures for conditional branching and iter- 
ative looping 

• Supports structured programming and self^documentation 

• Encourages modular program design 

• Compatible with RM 65 FDC module and AIM 65 DOS 1.0. 



MEMORY MAP 



Address (Hex) 


Contents 


$BOOO-$CFFF 
$0200-$049F 
$0-$4 


PL765 Compiler Program 
PLVes Compiler Variables (Compilation Only) 
PL/65 Compiler Variables (Compilation and 
Runtime) 



ORDERING INFORMATION 



Part No. 


Description 


A65-030 
A65-010 


AIM 65 PLy65 Compiler ROMs 
AIM 65 Assembler ROM'^' 


Order No. 


Description 


257 


AIM 65 PLy65 Compiler User's Manual' 


NOTES: 

1. Included with A65-030. 

2. User's Instructions included in AIM 65 User's Guide 
(Order No. 209). 
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PL/65 LANGUAGE STATEMENTS 



Specification 


Biocic 






ENTRY 


BEGIN 




SHIFT 


EXIT 


DO 




ROTATE 


TFILE 


END 




ASSEMBLY CODE 


DFILE 






INC 




Deciaration 




INCW 


Conditional Execution 

IF-THEN-ELSE 


DECLARE 

DEFINE 

DATA 




DEC 
DECW 
STACK 
UNSTACK 


Branching 








GOTO 


Assignment 




Looping 


CALL 


Direct Single Byte Move 


FOR-TO-BY 


RETURN 


Indirect Single Byte Move 


WHILE 


RTI 


Direct Multiple Byte 


Move 




BREAK 
HALT 






Misceilaneous 

Comment 
Tab 
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FLOATING POINT ARITHMETIC 

Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation Intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. In the AIM 65 
Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from -127 to +127. The mantissa is a 32- 
blt number normalized such that the most significant bit (MSB) 
is always equal to "1". Operating on floating point numbers 
alleviates programming difficulty and additional development 
time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers in magnitude from 
2.93873588E-39 to 1.70141 183E+38 can be handled in the 
AIM 65 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 



PRODUCT OVERVIEW 

The AIM 65 Math Package contains a full complement of floating 
point arithmetic, conversion, trigonometric, utility and other tran- 
scendental functions as user callable subroutines in a 4K-byte 
ROM. Programmed in 6502 machine language for fast execu- 
tion, these functions support calculation intensive applications. 
These functions are host computer independent and may be 
installed in any 6502 CPU based microcomputer supporting the 
memory map requirements. The math package is located at 
$D000-$DFFF to allow direct installation in an AIM 65 Micro- 
computer, an RM 65 Single Board Computer (SBC) module or 
in an RM 65 PROM/ROM module. 



In addition to the machine language interface, direct linkage to 
AIM 65 FORTH and RM 65 Run-Time FORTH provides floating 
point processing in the FORTH language. When installed in an 
AIM 65 Microcomputer with AIM 65 FORTH also installed, the 
floating point words can be automatically linked to the FORTH 
vocabulary during FORTH initialization. Application programs 
written in FORTH can thus be both developed and executed on 
the AIM 65 Microcomputer. For OEM or end user installation in 
an RM 65 system with user-provided input/output functions, 
such programs can be developed on an AIM 65 Microcomputer 
then transferred to an RM 65 SBC based system with RM 65 
Run-Time FORTH installed for execution in the RM 65 
environment. 



FEATURES 

• Floating point arithmetic 
— Addition and subtraction 
— Multiplication and division 

• Integer arithmetic 
—Multiplication 
— Division 

• Comparison (<, =, >) 

• Trigonometric 
—Sine and cosine 

— Tangent and arctangent 

• Conversion 

— Degrees to radians 
— Radians to degrees 

• Polynomials 
—Consecutive power 
— Odd power 

• Logarithmic 
—Natural log 
—Common log 

• Square root, power, exponential 

• Absolute value, integer and floating point sign, greatest integer 

• 6502 CPU machine instruction linkage 

• Host computer independent 

• AIM 65 FORTH and RM 65 Run-time FORTH compatible 

• 4K-byte ROM based 

• Nine digit accuracy 

• Wide range (2.93873588E-39 to 1.70141 183E+38) 

ORDERING INFORMATION 



Part No. 


Description 


A65-040 
A65-050 
RM65-0152 


AIM 65 Math Package ROM 

AIM 65 FORTH ROMs 

RM 65 Run-Time FORTH ROMs 


Order No. 


Description 


2118 

265 

812 


AIM 65 Math Package User's Manual*^' 

AIM 65 FORTH User's ManuaP' 

RM 65 Run-Time FORTH User's ManuaP' 


Notes: 

1 . Included with A65-040. 

2. Included with A65-050. 

3. Included with RM65-01 52. 
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MEMORY MAP 



Address (Hex) 


Contents 


$DOOO-$DFFF 

$AB-$C4 

$25C-$27E 


AIM 65 Math Package Program 
AIM 65 Math Package Variables 
AIM 65 Math Package Variables 



MATH PACKAGE FUNCTIONS 








Assembly 






Assembly 






Language 


FORTH 




Language 


FORTH 




Label 


Word 


Function 


Label 


Word 


Function 


INIT 




Initialize Math Package 


SIN 


SIN 


Sine 


FADDT 


F+ 


Floating Point Add 


COS 


COS 


Cosine 


FADD 




Floating Point Add (Memory) 


TAN 


TAN 


Tangent 


FSUBT 


F- 


Floating Point Subtract 


ARCTAN 


ARCTAN 


Arc Tangent 


FSUB 




Floating Point Subtract (Memory) 


DEGRE 


DEGREES 


Convert Radians to Degrees 


FMULTT 


P 


Floating Point Multiply 


RADS 


RADIANS 


Convert Degrees to Radians 


FMULT 




Floating Point Multiply (Memory) 


POLYX 


POLYODD 


Odd Exponent Polynomial 


FDIVT 


F/ 


Floating Point Divide 


POLY 


POLY 


Consecutive Exponent Polynomial 


FDIV 




Floating Point Divide (Memory) 


MOVFM 


M>F 


Move Number from Memory to FAC 


IMULT 




Integer Multiply 


MOVMF 


F>M 


Move Number from FAC to Memory 


IDIVID 




Integer Divide 


MOVFA 




Move Number from ARG to FAC 


FTOD 




Convert Floating Point to Integer 


MOVAF 




Move Number from FAC to ARG 


DTOF 




Convert Integer to Floating Point 


CONUPK 


M>A 


Move Number from Memory to ARG 


NEGFAC 




Negate Floating Point Number 




S>A 


Move Number from Stack to ARG 


ABS 


FABS 


Absolute Value of Floating Point 




S>F 


Move Number from Stack to FAC 






Number 




F>S 


Move Number from FAC to Stack 


INT 


INT 


Truncate Floating Point Number 


FIN 


FIN 


Convert ASCII to Floating Point 


SGN 


SGN 


Signof FACtoFAC 


FOUT 


FOUT 


Convert Floating Point to ASCII 


SIGN 


FSIGN 


Sign of FAC to ARG 


MINLN 


MIN-WIDTH 


FOUT Minimum Field Width Variable 


FGOMP 


FGOMP 


Compare Floating Point Numb)er 


DECLN 


DEC-LENGTH 


FOUT No. of Places to the Right of the 


SQR 


SQR 


Square Root 






Decimal Point Variable 


FPWRT 


t 


Raise to a Power 








EXP 


EXP 


Exponential 








LOG10 


LOG 


Common Log 








LOG 


LN 


Natural Log 
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FORTH LANGUAGE 

FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 

FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO . . . LOOP, BEGIN . . . END, IF . . . THEN and IF . . . ELSE 
. . . THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40— a distinct advantage over languages like BASIC, where 
all information must be in decimal. 

In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 

FEATURES 

• AIM 65 Microcomputer host and target 

• ROM resident for immediate operation 

• Application oriented 

• Extensible language 

• Over 200 pre-defined functions 

• Interactive compilation 

• Reverse polish notation 

• Compact memory usage 

• Fast execution 

• Easy debugging 

• Stack impfementation 

• 16-bit words 

• Built-in structured macro assembler 

• Shortens software development time 



PRODUCT OVERVIEW 

AIM 65 FORTH, consisting of primitives, interpreter, macro 
assembler and input/output functions, Is contained in two 4K- 
byte ROMs that plug into the AIM 65 Microcomputer Master 
Module sockets Z25 and Z26. FORTH functions are linked 
to AIM 65 Debug Monitor and Text Editor ROMs providing 
access to the AIM 65 peripherals (keyboard, single-line display 
and 20 column printer) as well as user-defined input/output 
functions. Both interactive and batch modes of operation are 
supported. Interactive operation interprets FORTH words upon 
entry for immediate execution and debugging or for compilation. 
In the batch mode, FORTH words can be entered into the Text 
Buffer then input to FORTH for interpretation. The batch mode 
allows an application program to be easily edited using Text 
Editor commands. Application programs written in FORTH can 
thus be developed, as well as executed for checkout or pro- 
duction operation, on the AIM 65 Microcomputer. 

AIM 65 FORTH ROMs, when installed In an AIM 65 Microcom- 
puter, can also be used to develop and checkout an application 
program written in FORTH that is to be installed in an RM 65 
Single Board Computer (SBC) module for runtime operation. 
The developed program will run with RM 65 Run-Time FORTH 
ROMs installed in the RM 65 SBC module. In this configuration, 
all RM 65 input/output operations must be user-provided and 
can be tested using the AIM 65 Microcomputer as the host com- 
puter prior to being installed in the RM 65 environment. 



ORDERING INFORMATION 



Part No. 


Description 


A65-050 
A65-040 
RM65-0152 


AIM 65 FORTH ROMs 
AIM 65 Math Package ROM 
RM 65 Run-Time FORTH ROM 


Order No. 


0@scription 


265 
283 
2118 
812 


AIM 65 FORTH User's Manual"' 
AIM 65 FORTH Reference Card<^- 2) 
AIM 65 Math Package User's ManuaP) 
RM 65 Run-Time FORTH User's ManuaP' 


NOTES: 

1. Included with A65-050. 

2. Included with A65-040. 

3. Included with RM65-01 52. 
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DEVELOPING FORTH PROGRAMS 

FORTH is built on subroutine-like functions, called "words." 
These words are linked together to form a "dictionary," which 
is the central core of the language. Writing a program in 
FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
way new features and extensions can be added by simply 
defining one or more new words. Adding new features to 
conventional languages like BASIC or Pascal requires the 
language system to be completely reassembled or 
recompiled. 

FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPM), the notation that is used in 
Hewlett-Packard scientific oalculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 

FORTH programs are developed using "top-down/bottom- 
up" techniques. That is, the programmer begins by defining 
the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding. In FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion: 
Each sub-module is a stand-alone component of the pro- 
gram, and can be conripletely debugged without having the 
complete program in the system. This type of software 
development is difficult, if not impossible, to do with most 
other high-level languages. 

FLOATING POINT FUNCTIONS 

AIM 65 FORTH contains both a single- (16-bit) and double- 
(32-bit) precision integer arithmetic capability. In AIM 65 
applications where floating point arithmetic is desired, the 
AIM 65 Math Package may be used in conjunction with the 
FORTH ROMs. These floating point functions may be called 
using FORTH words included in the math package ROM. 
When this ROM is Installed in socket Z24 on the AIM 65 
Microcompyter, the floating point math words can be auto- 
matically linked to the FORTH dictionary during FORTH 
initialization. The AIM 66 Math Package ROM can also be 
installed in either an RM 65 SBC or PROM/ROM module. 



MEMORY MAP 



FORTH WORDS 



STACK MANIPULATION 



Address (Hex) 


Contents 


$DOOO-$DFFF 


Math Package Program 


$BOOO-$CFFF 


FORTH Program 


$280-$2FF 


Terminallnput Buffer 


$25C-$27F 


Math Package Variables 


$20O-$257 


FORTH User Variables 


$AB-$C4 


Math Package Variables 


$10-$AA 


FORTH Variables 



DUP 


Duplicate top of stack. 


2DUP 


Duplicate top two stack items. 


DROP 


Delete top of stack: 


2DR0P 


Delete top two stack items. 


SWAP 


Exchange top two stack items. 


OVER 


Copy second Item to top. 


ROT 


Rotate third item on top. 


-DUP 


Duplicate only if non-zero 


>R 


Move top itern to return stack. 


R> 


Retrieve item from return stack. 


R 


Copy top of return stack onto stack. 


PICK 


Copy the nth item to top. 


SP@ 


Return address of stack position 


RP@ 


Return address of return stack pointer 


BOUNDS 


Convert "address count" to "end- 




address start-address." 


.S 


Print contents of stack. 


DEFINING WORDS 




:<name> 


Begin colon definition of <name>. 



VARIABLE <namd> 

CONSTANT <name> 
CODE <name> 
;CODE 

<BUILDS . . . DpES> 

USER 

MEMORY 



End colon definition. 

Create a variable <name> with initial 

value n; returns address when 

executed. 
Create a constant <name> with value 

n; returns value when executed. 
Begin definition of assembly-language 

primitive operation <name>. 
Used to create a new defining word, 

with execution-time "code routine" for 

this data type in assembly. 
Used to create a new defining word, 

with execution-time routine for this 

data type in higher-level FORTH. 
Create a user variable. 



@ 


Fetch value addressed by top of stack. 


! 


Store n1 at address n2. 


c@ 


Fetch one byte only. 


C! 


Store one byte only. 


? 


Print contents of address. 


+ 1 


Add second number on stack to 




contents of address on top. 


CMOVE 


Move n3 bytes starting at address n1 to 




area starting at address n2. 


FILL 


Put byte n3 into n2 bytes starting at 




address n1. 


ERASE 


Fill n2 bytes in memory witti zeroes, 




beginning at address n1. 


BLANKS 


Fill n2 bytes in memory with blanks, 




beginning at address n1 . 


TOGGLE 


Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


DECIMAL 


Set decimal base. 


HEX 


Set hexadecimal base. 


BASE 


Set number base. 


DIGIT 


Convert ASCII to binary. 





The number zero. 


1 


The number one. 


2 


The number two. 


3 


The number three. 



[ 
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FORTH WORDS (CONT'D) 

ARITHMETIC AND LOGICAL 



+ 



/ 

MOD 
/MOD 
./MOD 

•/ 

u. 
u/ 

M* 
M/ 
M/MOD 



MAX 
MIN 

+ - 

ABS 
DABS 

NEGATE 
DNEGATE 

S- >D 

1 + 

2 + 

1 - 

2 - 
AND 
OR 
XOR 



Add. 

Add double-precision numbers. 

Subtract (n1 - n2) 

Multiply. 

Divide (n1/n2). 

Modulo (i.e., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, thien divide (n1.n2/n3), with 

double intermediate. 
Lll<e ./MOD; but give quotient only. 
Unsigned multiply leaving double 

product. 
Unsigned divide. 
Signed multiplication leaving double 

product. 
Signed remainder and quotient from 

double dividend. 
Unsigned divide leaving double quotient 

and remainder from double dividend 

and single divisor. 
Maximum. 
Minimum. 
Set sign. 

Set sign of double-precision number. 
Absolute value. 
Absolute value of double-precision 

number. 
Change sign. 
Change sign of double-precision 

numtser. 
Sign extend to double-precision 

number. 
Increment value on top of stack by 1 . 
Increment value on top of stack by 2. 
Decrement value on top of stack by 1 . 
Decrement value on top of stack by 2. 
Logical AND (bitwise). 
Logical OR (bitwise) 
Logical exclusive OR (bitwise). 



COMPARISON OPERATORS 



0< 
0= 

u< 

NOT 



True if n1 less than n2. 

True if n1 greater than n2. 

True if top two numbers are equal. 

True if top number negative. 

True if top number zero. 

True if u1 less than u2. 

Same as 0=. 



MISCELLANEOUS AND SYSTEM 

(<comment>) 



CFA 

NFA 

PFA 

LFA 

LIMIT 

QUIT 



Begin comment (terminate by right 
parentheses on same line). 

Alter PFA to CFA. 

Alter PFA to NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. 

Clear return stack and return to 
terminal. 



CONTROL STRUCTURES 



DO... LOOP 
DO... +LOOP 



LEAVE 

BEGIN . . . UNTIL 

BEGIN ... WHILE 

...REPEAT 
BEGIN ... AGAIN 
IF . . . THEN 



. ELSE . . . THEN 



END 
ENDIF 



Set up loop, given index range. 
Like DO . . . LOOP, but adds stack 

value to index. 
Place current index value on stack. 
Terminate loop at next LOOP or 

+LOOP 
Loop back to BEGIN untiltrue at 

UNTIL 
Loop while true at WHILE, REPEAT 

loops uriconditionally to BEGIN. 
Unconditional loop. 
If top of stack true, execute following 

clause THEN continue; otherwise 

continue. at THEN. 

If top of stack true, execute ELSE 
clause THEN continue; othenwise 
execute following clause, THEN 
continue. 

Alias for UNTIL 

Alias for THEN. 



COMPILER-TEXT INTERPRETER 



[COMPILE] 
COMPILE 

LITERAL 
DLITERAL 

EXECUTE 



Force compilation of IMMEDIATE word. 
Compile following <name> into 

dictionary. 
Compile a number into a literal. 
Compile a double-precision number into 

a literal. 
Execute the definition on top of stack. 
Suspend compilation, enter execution. 
Resume compilation. 



DICTIONARY CONTROL 

CREATE 
FORGET 



HERE 
ALLOT 
TASK 



- FIND \ 
DP 

C, 

PAD 

IMMEDIATE 

INTERPRET 

LATEST 

LIT 

CLIT 

LITERAL 

SMUDGE 

STATE 



Create a dictionary header. 
FORGET ail definitions from <name> 

on. 
Returns address of nfext unused byte in 

the dictionary. 
Leave a gap of n bytes in the 

dictionary. 
A dictionary marker. 
Find the address of <nanrie> in the 

dictionary. 
Search dictionary for <name>. 
User variable containing the dictionary 

pointer. 
Store byte into dictionary. 
Compile a number into the dictionary. 
Pointer to temporary buffer. 
Force executton when compiling. 
The Text Interpreter executes or 

compiles. 
Leave name field address (NFA) of top 

word in CURRENT. 
Place 16-bit literal on the stack. 
Place byte literal on the stack. 
Compile a 16-blt literal. 
Toggle name SMUDGE bit. 
User variable containing compilation 

state. 



7-30 



A65-050 



AIM 65 FORTH ROMi 



FORTH WORDS (CONT'D) 



USER VARIABLES 




UABORT 


user variable for ABORT. 


UB/BUF 


User variable for B/BUF. 


UB/SCR 


User variable for B/SCR. 


UC/L 


User variable for C/L 


UEMIT 


User variable for EMIT. 


UFIRST 


User variable for FIRST. 


UKEY 


User variable for KEY. 


ULIMIT 


User variable for LIMIT. 



MONITOR & CASSETTE I/O 



COLD 

MON 

?TTY 

CHAIN 

CLOSE 

?IN 

?OUT 

GET ' 

PUT 

READ 

WRITE 

SOURCE 
FINIS 



INPUT-OUTPUT 

- CR 

CR 

SPACE 

SPACES 

CLRLiNE 

DUMP 
TYPE 

7TERMINAL 
KEY 
EMIT 
EXPECT 

WORD 

IN 

BAUD 

BL 

C/L 

TIB 

QUERY 
ID. 

HANG 



AIM 65 FORTH cold start. 
Exit to AIM 65 Monitor. 
Switcli; true - TTY; false = KB 
Chain tape file. 
Close tape file. 

Set to active input device (AID). 
Set to active output device (AOD). 
Input a cliaracter from the AID. 
Output a character to the AOD. 
Input n2 characters from AID to 

address n1. 
Output n2 characters to AOD at 

address n1 . 
Compile from tlie AID. 
Terminate complete from SOURCE. 



Output CR to printer only. 

Carriage return. 

Type one space. 

Type n spaces. 

Output a CTRL B. 

Print text string (tenninated by "). 

Dump n2 words starting at address. 

Type string of n1 ciiaracters starting at 

address n2. 
True if terminal break request present. 
Read Key, put ASCII value on stack. 
Output ASCII value from stack. 
Read n1 characters from input to 

address n2. 
Read one wbrd from input stream, until 

delimiter. 
User vanable contained within TIB. 
Set BAUD rate. 
Output a SPACE character. 
Number of characters/line. 
Pointer to terminal input buffer start 

address. 
Input text from terminal. 
Print <name> from name # field 

address (nf a). 
Wait for keystroke. 



OUTPUT FORMATTING 

NUMBER 

<# 



OUTPUT FORMATTING (CONT'D) 



#S 

SIGN 
#> 

HOLD 

HDL 

- TRAILING 

.LINE 

COUNT 



D. 
D.R 



DPL 



VOCABULARIES 

CONTEXT 



Convert next digit of double-precision 

number and add character to output 

string. 
Convert all significant digits of double* 

precision number to output string. 
Insert sign of n into output string, 
Terminate output string (ready for 

TYPE). 

Insert ASCII character into output 

string. 
Hold pointer, user variable. 
Suppress trailing blanks. 
Display line of text from mass storage. 
Change length of byte string to type 

form. 
Print number on top of .-^tack. 
Print number n1 right justified n2 

places. 
Print double-precision number n2 n2. 
Print double-precision number n2 n1 

right justified n3 places. 
Number of digits to the right of decimal 

point. 



Returns address of pointer to 

CONTEXT vocabulary. 
CURRENT Returns address of pointer to 

CURRENT vocabulary. 
FORTH Main FORTH vocabulary. 

ASSEMBLER Assembler vocabulary. 

DEFINITIONS Set CURRENT vocabulary to 

CONTEXT. 
VOCABULARY <name> Create new vocabulary. 
VLIST Print names of all words in CONTEXT 

vocabulary. 
VOC-LINK Most recently defined vocabulary. 



Convert string at address to double- 
precision number. 
Start output string. 



VIRTUAL STORAGE 




LOAD 


Load mass storage screen (compile or 




execute). 


BLOCK 


Read mass storage block to memory 




address. 


B/BUF 


System constant giving mass storage 




block size in bytes. 


B/SCR 


Number of blocks/editing screen. 


BLK 


System variable Containing current 




block numt>er. 


SCR 


System variable containing current 




screen number. 


UPDATE 


Mark last buffer accessed as updated. 


FLUSH 


Write ail updated buffers to mass 




storage. 


EMPTY-BUFFERS 


Erase all buffers. 


4-BUF 


Increment buffer address. 


BUFFER 


Fetch next menriory buffer. 


RW 


User read write linkage. 


USE 


Variable containing address of next 




buffer. 


PREV 


Variable containing address of latest 




buffer. 


FIRST 


Leaves address of first block buffer. 


OFFSET 


User variable block offset to mass 




Storage. 


. -> , 


Interpret next screen. 


;S 


Stop interpretation. 
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FORTH WORDS (CONFD) 



PRIMITIVES 

OBRANCH 

BRANCH 

ENCLOSE 

RO 

SO 

RP! 

SP! 

NEXT 



Run-time conditional branch. 
Run-time unconditional branch. 
Text scanning primitive used by WORD. 
Location of Return Stack. 
Location of Parameter Stack. 
Initialize Return Stack. 
Initialize Parameter Stack. 
The FORTH virtual machine. 



SECURITY 




!CSP 


Store stack position in check stack 




pointer. 


?COMP 


Error if not compiling. 


?CSP 


Check stack position. 


?ERROR 


Output error message. 


?EXEC 


Not executing error. 


?PAiRS 


Conditional not paired error. 


7STA0K 


Stack out of bounds error. 


ABORT 


Error; operation terminates. 


ERROR 


E)^ecute error notification and restart 




system. 


MESSAGE 


Displays message. 


WARNING 


Pointer to message routine. 


FENCE 


Prevents forgetting below this point. 


WIDTH 


Controls significant characters of 




<name>. 



MATH PACKAGE FORTH WORDS (A65-040)* 

FLOATING POINT ARITHMETIC 



F4- 
F- 



F* 

F/ 



Adds two floating point fiumbers. 
Subtracts one floating point number 

from another floating point number. 
Multiplies two floating point numbers. 
Divides one floating point number by 

another floating point number. 



UTILITY, SIGN AND COMPARISONS 



FABS 

INT 

SGN 

FSIGN 

FCOMP 

POLYNOMIAL 

POLY 

POLYODD 



Takes the absolute value of a floating 

point number. 
Truncates a floating point number to an 

integer. 
Converts the sign of a floating point 

number to a floating point number. 
Gets a value corresponding to the sign 

of a floating point number. 
Compares the value of a compacted 

number in memory to a floating point 

number. 



Evaluates a polynomial with 
consecutive exponents. 

Evaluates a polynomial with odd 
exponents. 



EXPONENTIAL AND LOGARITHMIC 



SQR 
> 

EXP 
LOG 

LN 



Takes the square root of a floating point 

number. 
Raises one floating point number to the 

power of another floating point 

number. 
Raises the transcendental number e to 

the power of a floating point number. 
Computes the logarithm to the base 10 

(i.e., common log) of a floating point 

number. 
Computes the logarithm to the base e 

(i.e., natural log) of a floating point 

number. 



USER VARIABLE 

MIN-WtDTH 

DEC-LENGTH 



. Specifies the minimum field width to be 

output. 
Specifies the number of places to the 
right of the decimal point to be 
output. 



ASCII/FLOATING POINT CONVERSIONS 



FIN 



FOUT 



Converts a number in memory from 
ASCII to floating point format. 

Converts a number from floating point 
to ASCII. 



FORMAT CONVERSION AND DATA MOVING 

M>F Unpacks the compacted number in 



F>M 

M>A 
S>A 
S>F 
F>S 



memory to floating point. 
Packs the floating point number to 

compacted format and stores the 

result in memory. 
Unpacks the floating point number in 

memory. 
Converts an integer to floating point 

format. 
Converts an integer to floating point 

format. 
Converts a number from floating point 

to an integer. 



TRIGONOMETRIC AND UNITS CONVERSION 



SIN 

COS 

TAN 

ARCTAN 

DEGREES 

RADIANS 



Calculates the sine of a floating point 

number (in radians). 
Calculates the cosine of a floating point 

number (in radians). 
Calculates the tangent of a floating 

point number (In radians). 
Calculates the arc tangent of a floating 

point number. 
Converts a floating point number from 

radians to degrees. 
Converts a floating point number from 

degrees to radians. 



•Requires AIM 65 FORTH or RM 65 FORTH be resident. 
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AIM 65 FORTH TARGET COMPILER 



FORTH LANGUAGE 

FORTH is a unique programming language well suited to a 
variety of applications. Originally developed for reaMime control 
applications, FORTH has features that make It Ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other input/output intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. 

FORTH actually provides the best of two worlds. It has the 
looping and branching constructs Of high-leveManguages (DO 
. . LOOP, BEGIN . . . END, IF . . . THEN and IF . . . ELSE 
. . . THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or arty other 
number base from two to 40— a distinct advantage over lan- 
guages like BASIC, where all information must be in decimal. 



FORTH TARGET COMPILER 

The FORTH Target Compiler generates object code from 
application programs written in FORTH. The object code is a 
compiled composite of the user's application vocabulary and 
those portions of the Target Compiler nucleus necessary to sup- 
port the application vocabulary. The disk-based FORTH Target 
Compiler operates on the AIM 65 Microcomputer in conjunction 
with the AIM 65 FORTH Interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC)modMle and the AIM 65 DOS 1-0 firmware. 

The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 
to run on AIM 65 or RM 65 SBC module-based systems with 
supporting RM 65 memory and input/output modules, e.g., 
Analog Input/Output, IEEE-488 Interface, and Multi-function 
Peripheral Interface Linkage to RM 65 Floppy Disk Controller, 
CRT Controller, and IEEE-488 module as well as the AIM 65 
Math Package, firmware can also be included for expanded 
application systems. 



FEATURES 

• Fully compatible with FORTH programs developed with AIM 
65 or AIM 65/40 FORTH Interpreter ROMs 

• Disk-based compiler operation with vocabulary overlays for 
— Text Editing 

—Disk Interfacing 
—Serial Input/Output 
— Compiling 
—Special Utilities 

• Easy compiler operation 
^^ ^^^Load screen direction 

—Compile tracing (mapping) 
—Compiles to RAM and/or disk 

• Includes 6502 Macro Assembler with 
—Forward references 
—Symbolic labels 

— Relative branches 

• Efficient object code generation 
—ROMable object code 

— Standalone operation 
— Minimum runtime nucleus 
—Optimized FORTH compiled vocabulary 
—AIM 65 autostart capability 
-User-specified origin 

• Flexible target computer installation 

—System Independent (runs on any 6502 CPU-based system 
with minimal runtime memory map requirements) 

ORDERING INFORMATION 




Part No. 


Description 


AIM 65-052 
AIM 65-050 
AIM 65-090 
AIM 65-040 


AIM 65 FORTH Target Compiler 
AIM 65 FORTH Interpreter ROMs«^' 
AIM 65 DOS 1.0 ROM'^-''' 
AIM 65/40 Math Package ROM*^' 


Order No. 


Description 


2105 

265 
2118 


AIM 65 and AIM 65/40 FORTH Target 

Compiler User's Manual'^' 
AIM 65 FORTH User's Manual*^' 
AIM 65 Math Package User's Manual^' 


Notes: 

(1 ) Required for FORTH Target Compiler operation. 

(2) Requires RM65-51 01 NE FDC module. 

(3) Included with A65-052. 

(4) Included with A65-050. 

(5) Included with A65-040. 

(6) Optional. 



Document No. 29001 D11 
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DEVELOPING FORTH PROGRAMS 

FORTH Is built on subroutine-like functions, . called "words." 
These words are linked together to form a "dictionary," which 
is the central core of the language. Writing a program in FORTH 
consists of using the dictiohary words to define each hew word. 
Once the new word has been defined it is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. In this way 
new features and extensions can be added by simply defining 
one or more new words. 

FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPN), the notation that Is used in 
Hewlett-Packard scientific calculators. A data stack Is an 
extremely efficient way of passing variables back and forth 
between operations and eliminates the need to tie up memory 
locations with variable tables. 

FORTH programs are developed using "top-down/bottom-up" 
techniques. That Is, the programmer begins by defining the pro- 
gram in very general terms, then systematically breaks these 
definitions down into more and more detailed submodules. When 
the lowest levels of sub-modules haVe been defined, FORTH 
coding begins at those levels, working back up tovyard the top 
of the program, in pyramid fashion. Each sub^module is a stand- 
alone component of the program, and can be debugged without 
having the complete program In the system. The interactive 
nature of FORtH supports this time efficient development 
technique. 

In most time-critical applications, at least part of the program 
must be written in assembly languages. FORTH has a built-in 
6502 macro assembler, and allows assembly language coding 
at almost any point in your program, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten times faster than other interpretive 
languages, and can even approach the speed of machine lan- 
guage programs for some applications. 

The application program Is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 
Nucleus. The compiled byte count will generally be less than 
the separate application/ interpreter byte count. 



FORTH TARGET COMPILER OPERATION 

The disk-based, two-pass, FORTH Target Compiler com- 
piles object code in one of two modes: BIG. COMPILE or 
QUICK.COMPILE. The QUICK.COMPILE mode compiles the 
entire object code directly to RAM then saves the compiled code 
on disk. The BIG.COMPILE mode conipiles to 1 K-byte buffer 
areas in RAM- When the buffer is full, the buffer contents 
are transferred to disk then compilation continues. The 
BIG.COMPILE mode optimizes object code RAM requirements 
although it compiles slower than the QUICK.COMPILE mode. 

Operation of the compiler is directed by one or more LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 

FLOATING POINT OPERATION 

The FORTH Target Compiler provides both single-precision 
(16-bit) and double-precision (32-bit) single integer arithmetic 
functions. If floating point arithmetic is desired, code words can 
easily be defined within th^ application program to link to external 
floating point subroutines The AIM 65 Math Package ROM, 
located at address $8000-$8FFF, can be Installed in the appli- 
cation system Alternatively, user-defined floating point func- 
tions may be linked to or even provided within the code 
definitions. 

SYSTEM REQUIREMENTS 

The AIM 65 FORTH Target Compiler operates in an AIM 65 
Microcomputer in conjunction with an RM 65 32K Dynamic RAM 
module and an RM 65 FDC module with an AIM 65 DOS 1.0 
ROM installed on the FDC module. The following table lists two 
configurations of AIM 65/40 and RM 65 hardware and firmware 
which may be used. Other configurations can be easily com- 
posed depending on the user's development and application 
requirements. 



... . 

Required 

Peripherals 

Firmware 


Host Computer 


A65-450 

AIM 65 Microcomputer 

with 4K RAM 

and FORTH ROMs 


A65-550 

AIM 65 Microcomputer 

System with 4K RAM 

and FORTH ROMs 


RM65-71 04E RM 65 Adapter/Buffer for AIM 65, or ) 

RM65-7116ERM 65 Cable Adapter/Buffer for AIM 65 ) 

RM65-7004E RM 65 4-Slot Card Cage 

RM65-3132E RM 65 32K Dynamic RAM Module 

RM65-5101NE RM 65 Floppy Disk Controller (FDC) Module (without ROM) 

A65-090 AIM 65 DOS 1.0 ROM 

A65-050 AIM 65 FORTH ROMs 

A65-040 AIM 65 Math Package ROM 


X 

X 
X 
X 
X 

(1) 

Optional 


X 

X(2) 

X 
X 
X 

(1) 

Optional 


Note: 

X = Required in addition to host computer. 

1 . Included in host computer. 

2. Remote to AIM 65 enclosure. 
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FORTH WORDS (Continued) 
EDITOR VOCABULARY OVERLAY 



BUFFERS 

INSERT-BUF 

FIND-BUF 



An 80-byte buffer beginning at PAD + 80. 
An 80-byte buffer beginning at PAD + 1 60. 



LINE ORIENTED COMMANDS: 



K 



LINE 



NEW 



TILL 



>LINE# 
(DELETE) 

(HOLD) 

(KILL) 
(PUT) 



1LINE 



Swaps the contents of the INSERT-BUF and 
FIND-BUF. 

On current screen, returns the RAM address 
of the beginning of the line#. 

Replaces INSERT-BUF and iine# in block# 
with current referenced line. 

Beginning at line#, clears each line and 
allows a NEW line to be typed in. Input is 
terminated by a null line entry (OR OR). 
Clears remaining lines on the current screen. 

Copies text into the INSERT-BUF and the 
current line until the delimiter (CR) is 
encountered. 

Beginning at the current cursor address, 
deletes text unTiLL the end of the matching 
text string is encountered. The text is held in 
FIND-BUF. 

Mov^s cursor to beginning of line# in current 
screen. Shows the line. 

Copies text into the INSERT-BUF and th^ line 
on the current screen under the cursor. 

Copies the current line into INSERT-BUF. 
Then deletes the line and scrolls the screen 
up. The last line becbmes a blank. 

Returns the current cursor line #. 

Referring to the current cursor position, 
deletes n preceding characters and calls 
UPDATE. 

Copies the referenced line number into 
INSERT-BUF and UPDATE. 

Blanks line# and UPDATE. 

Replaces the current line with contents of 
INSERT-BUF. 

Prints the current line with the cursor at 
current cursor position and the line number at 
the end of the line. 

Searches the current line after cursor position 
for a match to contents of FIND-BUF. 
Repositions cursor to it if a match is found and 
sets f=1. If no match is found, sets f=0 and 
positions the cursor to the next line. 



STRING ORIENTED COMMANDS 

D Finds the text, deletes it and shows the line. 



MATCH 



(F) 
#LAG 

#LEAD 



Finds the text, positions the cursor at the end 
of the text string and shows the line. 

Inserts the contents of INSERT-BUF into line. 

Searches the memory space beginning at 
ADDR2 for CNT2 for a match of the data 
beginning at ADDR1 for CNT1. If no match is 
found, sets f=1 and ADDR3=ADDR1 + 
CNT1. If a match is found, sets f=0 and 
ADDR3=address of the next byte after the 
matching string. 

Locates the text in the buffer. 

Returns the address of the character following 
the cursor and then counts to the line end. 

Returns the address of the character 
preceding the cursor and the count to the 
beginning of the line. 



SCREEN COMMANDS 

B 

L 
N 

TOP 
WIPE 



Moves to last block. 

Lists current screen. 

Moves to next block. 

Moves cursor to the top line of the text. 

Clears the entire screen. 



MISCELLANEOUS COMMANDS 

BUF-MOVE Move non-null contents of PAD to ADDR. 

E Erases the string in front of the cursor for a 

length equal to the string in FIND-BUFF. 

R Replaces string identified by FIND-BUFF with 

TEXT. 

S Beginning at current screen and continuing 

through screen #n, searches for a string 
match to TEXT and displays matches. 



D 



CUflSOR COMMANDS 



R# 
#LOCATE 



TEXT 



USE 
WHERE 



Returns the cursor position (n). 

Returns byte position of cursor and line 
number. 

Adds n to cursbr position and displays line. 

Takes text from input stream until DLIMiter 
character is encountered (65 characters 
maximum). MoVes text to PAD and fills to 65 
characters with blanks ($20). 

Displays CHAR as the cursor. 

Displays where an error in LOADing occurred. 
Also shows context and current. 
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FORTH WORDS 



GENERAL PURPOSE VOCABULARY 

The following FORTH words are provided in addition to those 
provided in the A65-050 FORTH Interpreter ROMs (refer to Data 
Sheet Order No. D87). 



ABORT' 
ASCII 



Prints Text if a run-time error occurs. 

During compile time, places a CLIT and the 
literal value of CHAR in the dictionary. In 
immediate mode, returns the ASCII value on 
the stack. 



Y/N? 

2R0T 
2* 



COMBINE 


Combines low byte of 1 and high byte of h to 
form n. 


20VER 


COMPILING 


Activates the Compiler Vocabulary Overlay. 


2SWAP 


DISKING 


Activates the Disk Vocabulary Overlay. 


= = ■■ . 


EDITOR 
EXTERNAL 

FALSE 

H. 

HI 


Activates the Editor Overlay. 

Execution only. NFA of next word to be 
defined. 

Returns a false flag. 

Prints n as an unsigned hexadecimal value. 

Returns the high byte of n. 


-TEXT 

?DEF 

7RANGE 

7URANGE 


IFEND 


Marks a place. 




IFTRUE 


Compiles the following input if f=1, othenA/ise 
skips. 

Returns the NFA of the latest word defined. 

Returns the low byte of n. 


DISKVC 


INTERNAL 
LO 


BACKUP 
BLOCKS 


LOADER 


Creates word NAME that loads screen no. n. 


COPY 


MODULE 


Execution only. Places NFA1 into LFA of 
NFA2. 


DOWN 


OFF 


Stores a in ADDR. 


MASSACRE 


ON 


Stores a 1 in ADDR. 


SCREENS 


ROLL 


Rotates the nth number to the top of the 
stack. 


SLATE 


ROOM 
SET 


n= RAM space left. 

Places value n In variable or constant NAME. 


SWEEP 


SPLIT 


Returns low and high byte of n. 


UP 


THRU 


Performs sequential LOAD'S beginning at 
screen no. n and continuing through screen 
no. n. 


VERIFY 


TRUE 
U. 


Returns a true flag. 

Outputs n as a double-precision number. 


VOLUME 


UNRAVEL 


Back traces the return stack. 


?WRONG 



Asks the question YES? or NO?, depending 
on fi = 1 or 0. Returns fg as true or false 
depending on input match to i^. 

Rotates double-precision numbers d,, da, dg. 

Returns da = di * dj. 

Double-precision OVER. 

Double-precision SWAP. 

Execution only. Creates a constant NAME with 
value n. 

Compares strings at ADDRI and ADDR2 for n 
bytes. Returns f=1 if same. 

IF NAME is defined, returns f=1. 

Returns f=1 if n2<n1<n3 for signed numbers. 

Returns f=1 if u2<u1<u3 for unsigned 
numbers. 



DISK VOCABULARY OVERLAY 

Copies all of drive to drive 1 . 



Copies block b1 through b1 +n to block b2 
through b2+n. 

Copies block b1 to block b2. 

Beginning at block b and continuing for n 
blocks, copies from drive 1 to drive 0. 

Clears n blocks beginning at block b, DRO. 

Copies screens S1 through S1 +n to screens 
S2 through S2+n. 

WRITES blanks ($20) to block b relative to 
DRIVE 0. 

READS blocks b through b+n searching for 
disk errors. 

Beginning at block b, copies n blocks from 
drive to drive 1 . 

Compares blocks beginning at b1 to those 
beginning at b2 for n blocks and displays 
errors. 

Returns the block number of the block of 
drive 2 relative to drive 0. 

If b1 = b2, then sets f=1, else sets f=0. 
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FORTH WORDS (Continued) 

TARGET COMPILER VOCABULARY 
OVERLAY 



LISTS 

SYMBOLS 

LOCALS 
MAGICS 

SWITCHES & FLAG 

ON 

OFF 
MAPPING 

GAG 
AUTO.FORWARD 

NUMERIC 

ROMABLE 

CONTROL WORDS 

FORWARD 

WIDE 

SET 

WINDOW.LO 
WINDOW.HI 

DESTINATION 



RAM, 
RAM. 



I.LO ) 
I.HI j 



USER.SIZE 



Defines names in the object code. 
Defines words at compile time only. 
Immediate words. 

WORDS (directives active during compile) 

Changes switch state to ON. 

Changes switch state to OFF. 

Prints or displays the name and CFA of each 
WORD when created. 

Suppresses most non-fatal error messages. 

Automatic forward reference for undefined 
words. 

Values must be preceded by a valid decimal 
character to be a valid number. 

Generates read-only code. 

Forces forward reference of the name 
immediately following. 

Name field length (headerless code). 

Changes the value of FORTH user constants. 

Defines the Target address space boundaries. 

Defines the target buffer block number. 

Identifies nucleus RAM boundaries. Extends 
from RAM.LO for USER.SIZE bytes. 

Number of bytes reserved beginning at 
RAM.LO. RAM between RAM.LO + 
USER.SIZE and RAM.HI is used for work 
buffers (PAD, etc.) when ROMABLE flag is 



READY 



START 



DEFINING WORDS 



LABEL 



VARIABLE 



BYTES 
RAM 

BCC, BCS, BNE, 
BEQ, BPL, BMI, 
BVC, BVS, 

MAGIC WORDS 

DLITERAL 

ASCII 
DOES> 



;CODE 

LOCATE 

REVEAL 
HIDE 



Initializes internal variables to their default 
value. 

Begins the compilation. Everything following 
this command will be interpreted or compiled 
in the simulated target machine environment. 



Generates an equate type statement. 

For use in assembly language to provide 
flexibility and allow code sharing. 

If ROMABLE is true, VARIABLE becomes a 
USER variable, othenwise variable is identical 
to ROM-based FORTH. 

Sets aside bytes in RAM area (like ALLOT). 

Equivalent to ROM command HERE. Returns 
current RAM address. 

Relative branch opcodes for assembly 
operation. 



Compiles a double number in line. 

Compiles CLIT of following ASCII character. 

Immediate word to separate <BUILDS 
DOES> into TARGET NUCLEUS and Target 
Compiler. 

Identical to CODE but also sets a pointer for 
LOCATE. 

Informs the compiler where the execution time 
CODE is located. 

Similar to SMUDGE. 

Sets the SMUDGE bit on the last target word. 



E 



ORIGIN Compiler's target dictionary. 

FAST.COMPILE Target space will be RAM only, based on 

WINDOW.LO and WINDOW.HI. 

BIG.COMPILE Target space maybe virtual data space on 

disk. 

CLEAR.TARGET Fills the target area with zeros. 
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PASCAL LANGUAGE 

Pascal is a powerful high-level computer programming lan- 
guage originally designed for educational purposes. Developed 
by Niklaus Wirth of the ETH Technical Institute of Zurich in 1 971 , 
Pascal has gained acceptance worldwide as the standard lan- 
guage to teach computer programming. The rich variety of 
Pascal language features allows a wide range of data structures 
to be specified and complex algorithms to be implemented. Pro- 
gramming in Pascal using structured programming techniques 
produces programs that are easy to write, understand and main- 
tain. The widespread teaching of the language coupled with the 
increased productivity of the programmer and the improved 
reliability of compiler generated code is causing Pascal to be 
increasingly adopted in Industrial and scientific applications as 
well as in the classroom. 

PRODUCT OVERVIEW 

AIM 65 Instant Pascal^'^ is a unique implementation of the 
Pascal language which combines the Immediacy of ROM-based 
software, interactive source code entry and debug facilities, on- 
board AIM 65 printer and display peripherals and low-cost 
expansion memory, to provide a complete Pascal education, 
development and application system. The language is a major 
subset of Standard Pascal (defined by K. Jensen and N. WIrth 
in their book, "Pascal User Manual and Report") incorporating 
all of the simple and structured statements, and the most widely 
used simple and structured data types. Extensions to the lan- 
guage permit direct control in Pascal of the AIM 65 Microcom- 
puter memory-mapped I/O and allow interfacing to machine- 
language programs developed with the AIM 65 Assembler. 

Instant Pascal incorporates facilities to write and debug pro- 
grams entirely at the source language level. These facilities 
include source-level editor, breakpoint, and trace — plus imme- 
diate source statement execution for examination and modifi- 
cation of data. Source statements are translated immediately 
upon entry into an intermediate language which is interpretive ly 
executed. 

The 20K-byte AIM 65 Instant Pascal software comes in a five- 
ROM set. One ROM plugs into AIM 65 Master Module socket 
Z24 while the other four ROMs plug into an RM 65 1 6K-byte 
PROM/ROM (RM65-3216E) module. 

^'^ Instant Pascal is a trademark of Melvin E. Conway. 



FEATURES 

• AIM 65 Microcomputer host and target 

• Substantial subset of Standard Pascal (Jensen and Wirth) 

• ROM resident for immediate operation 

• Direct control of memory mapped I/O 

• Machine language interface linkage 

• Source code editor 
— Position text pointer 
— Find character string 
—List, delete, insert statement 
— View statement 

• Flexible program control 

—Check syntax for coding errors without executing program 
—Execute one statement to allow examination and 

modification of data 
— Execute entire program 

• Source level debugging facilities 
—Breakpoint 

—Assignment trace lists values as they are changed 
— Statement trace lists statements as they are executed 

• Device Source I/O 

-—Input source code from specified device 
—Output source code to specified device 

MEMORY MAP 



Address (Hex) 


Contents 


$B00O-$BFFF 


Pascal Program 


$4000-$7FFF 


Pascal Program 


$FC3-$FFF 


Translator input area (default value) 


$ED2-$FC2 


Translator output area (default value) 


$300 up 


Execution stack (default value) 


$FC-$FF 


Pascal Variables 


$06-$B4 


Pascal Variables 



ORDERING INFORMATION 



Part No. 


Description 


A65-060 


AIM 65 Instant Pascal ROMs 


Order No. 


Description 


279 


AIM 65 Instant Pascal User's Manual* 


Note: 

included with A65-060. 



Document No. 29001D07 
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4STANT PASCAL EXTENSIONS TO STANDARD PASCAL 

-Variables, both simple and structured, may be given absolute memory addresses. This permits Pascal programming of memory- 
mapped I/O and linkage to machine-language subroutines. 

-The OTHERWISE: default clause is implemented in the CASE statement. Identifiers may have any length; the entire Identifier is 
significant. 

-Data of type STRING may have lengths which vary dynamically up to the declared maximum length. The type S:STRING[C] is 
implemented as S:ARRAY[0 . . C] OF CHAR, where S[0] is the value of the dynamic length. (C is a constant less than 256.) 

-The predefined procedure BREAK causes interruption of program execution, if it is enabled. 

-The predefined procedure SUBR(ENTRANCE) calls the machine-language subroutine whose entrance address is the declared 
address of the absolute variable ENTRANCE. The variant SUBR(ENTRANCE, DATA) places the address of the Pascal variable DATA 
in page before giving control to the subroutine. 

-The predefined functions FUNC(ENTRANCE) and FUNC(ENTRANCE, DATA) are the same as SUBR; in addition they return a CHAR- 
type value which the subroutine leaves in A. 



STANDARD PASCAL FEATURES NOT IMPLEMENTED IN INSTANT PASCAL 

-Files and their associated predefined procedures and variables (GET, PUT, RESET, REWRITE, EOLN, EOF) are not implemented. 
The predefined procedures READ, READLN, WRITE, WRITELN are implemented to interface with ail character-serial devices avail- 
able to the AIM 65 Monitor, including user-defined devices. The following types may be read and written: char. Integer, real, Boolean 
(Y or N on input), variable-length string. 

—Set expressions are not implemented. One-byte sets (with up to eight elements) and the relational operator IN are implemented; these 
permit Pascal-level testing of I/O device status. 

—Records are Implemented, but record variants are not. 

UDynamic storage allocation and the pointer type are not implemented. 

L-The directive FORWARD is not implemented. 

—The constant definition identifier- identifier; is not implemented. 

—Ambiguity tsetween field and variable names at the same block level is not supported. Other Pascal visibility rules are fully supported. 

—Packing of data is not done below the byte level. The word-symbol PACKED is accepted but ignored, and the predefined procedures 
PACK and UNPACK are not implemented. 

—Procedural and functional parameters to procedures and functions are not implemented. 

—GOTO may not jump outside its own block. 

-^The 60-character input line of the AIM 65 limits the length of certain constructs, in particular simple statements, procedure/function 
headings, and enumerated type lists, which may not be extended during input from one line to the next. 
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OPERATION OF INSTANT PASCAL 

All operations in the Instant Pascal system are controlled by 
a set of single-letter commands. The system generally per- 
forms one of the following six major operations. 

1 . Source input from keyboard or input device. 

2. Source output to printer or output device. 

3. Program editing: positioning the text unit pointer or deleting 
text units. 

4. Syntax checking a program. This operation is called 
automatically at the first call to execute a program after 
any change. It may also be called explicitly. 

5. Executing a program. 

6. Executing a single statement entered by the user. 

All commands are preceded by the Instant Pascal prompt 
"+<." The numeric parameter n in some of the commands 
has either a decimal value or one of the following two default 
values: "."=forever; CR=1. 



INSTANT PASCAL OPERATION COMMANDS 

Text Unit Pointer IVIovement 

Position to top text unit. 

Position to bottom text unit. 

Position up n text units. 

Position down n text units. 

Find the line containing the argument string. 



MEMORY EXPANSION 
CONSIDERATIONS 

About 1 .5 bytes per character of source code is required tc 
store an application program written in Pascal in memory dut 
to the translation process. For minimum applications requirinc 
less than 3.2K bytes of on-board user RAM, the PROM/ROIV 
module can be connected to the AIM 65 Expansion Con 
nector using an RM 65 Single Card Adapter.. For large 
applications, connection of an RM 65 multi-slot card cage 
through an RM 65 Adapter/ Buffer module is recommended 
One or more RM 65 RAM modules can then be added ai 
required. Up to 15.2K bytes of contiguous RAM can be ded- 
icated to the application program. 



+<J> 

+<B> 

+<U>/n 

+<D>/n 

+<F>string 

Source Text Editing 

+<K>/n 

+<l> 

+< >space 

+<V> 

Device Source I/O 

+<R>IN=device 
+<L>/nOUT=device 

Toggles 

-f-<S> 
+ <A> 

+<E> 

Program Control 

+<C> 

+<G>: ;. 

+<X>statement 

Miscellaneous 

+<w> 

+<N> 
+<M> 

+<Z>, 



Delete n text units. 

Insert one line of source. 

List current text unit. 

View a neighborhood of five text units centered at the current one. 

Read lines of source until empty line. 
List n text units to the specified device. 

Toggle statement trace. 

Toggle assignment trace. 

Toggle enabling of the BREAK procedure. 

Check program syntax. 

Execute program. Starts at beginning of program unless a break is in progress. Break-in-progress status 

may be cancelled with the C command or by changing the program. 

Execute and trace until the start of the next statement and return with break-in-progress status set. 

Immediately execute the statement. Identifier visibility is defined by the position of the text unit pointer in 

the program. 

Redefine page width. The default value of 20 may be changed if a terminal is attached to the AIM 65. 

Initialize to empty program. 

Report number of free memory bytes. 

Cold start. 
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A65-090 

AIM 65 DISK OPERATING SYSTEM 

VERSION 1.0 (DOS 1.0) ROM 



DISK OPERATING SYSTiM 

A disk operating system (DOS) provides a standard interface 
between tlie user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive-level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an Interactive environment, commands are usually 
Initiated by the operator from the keyboard In response to user- 
friendly prompts displayed by the system. 

PRODUCT OVERVIEW 

The AIM 65 Disk Operating System Version 1.0 (DOS 1.0) pro- 
vides disk and file managertient functions for the AIM 65 Micro- 
computer in conjunction with an RM 65 Floppy Disk Controller 
(FDC) module. With this configuration, mass storage files can 
be easily manipulated when connected to one to four 5Va" or 8" 
floppy disk drives. DOS 1.0 functions, contained on a 4K-byte 
ROM that plugs into the FDC module, are available immediately 
upon computer power turn-on without waiting for separate loading 
of a disk-based DOS into RAM. 

DOS 1.0 functions are operator commandable through inter- 
active AIM 65 Debug Monitor/Text Editor operation as well as 
language (assembler, compiler and/or interpreter) operation. 
Text and program source code may be written to, and read from, 
disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the Debug Monitor Dump and Load 
commands, respectively. Files containing source and object 
code for application programs written in AIM 65 Assembler, 
BASIC, FORTH, PL/65 and Instant Pascal languages are there- 
fore supported. In addition, utility functions format a disk, list the 
contents of the disk directory, delete a file, recover a file and 
backup a disk upon command. The DOS functions may also be 
called under program control by the application program into 
order to read and write data files. 

Disk read or write errors, both at the DOS and FDC hardware 
level, are reported upon detection. User-alterable variables allow 
changing of default valued to application unique values. 

Disks formatted by AIM 65 DOS 1.0 are compatible with AIM 
65/40 DOS 1.0 and AIM 65/40 BDOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. 



FEATURES 

• AIM 65 Microcomputer compatible 

• ROM resident for immediate operation 

• Installs on-board RM 65 Floppy Disk Controller (FDC) module 

• Provides mass storage of programs and data 

• Compatible with AIM 65 high level language and Assembler 
ROMs 

• Disk oriented comrtiahds (format, list, backup) 

• File oriented commands (list, delete, recover) 

• Input/Output commands 

-—Read and write text and object code 
— Automatic file open and close 

• User-alterable variables 

—Utility function and error handling vectors (before and after 

DOS functions) 
— Input/output vectors 
—I/O buffer vectors 

• Extensive error detection and reporting 

MEMORY MAP 



Address (Hex) 


Contents 


$8F00-$8FFF 


RM 65 FDC Module i/0 


$8000-$8EFF 


DOS 1.0 Program 


$600-$7FF 


DOS 1.0 I/O Buffer (default location) 


$500-$563 


DOS 1.0 Variables 


$4A0-$4FA 


DOS 1.0 Variables 


$D7-$DE 


DOS 1 .0 Variables 




ORDERING INFORMATION 



Part No. 


Description 


A65-090 
RM65-5101NE 


AIM 65 DOS 1.0 ROM 
RM 65 FDC Module (without ROM 
containing primitive subroutines*^*') 


Order No. 


Description 


802 


RM 65 FDC Module User's Manual*^' 


Notes: 

1 . Descrit5es user's instructions for AIM 65 DOS 1 .0. Included 
with A65-090 and RM65-5101NE. 

2. The DOS 1.0 ROM includes primitive subroutines in addition 
to DOS functions. 
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A65-901 

AIM 65 PROM PROGRAMMER AND 

CO-ED MODULE 



PRODUCT OVERVIEW 

The A65-901 PROM Programmer and CO-ED Module is one of 
the hardware options available for the AIM 65 Microcomputer 
family. 

The A65-901 PROM Programmer and CO-ED Module programs 
1K-, 2K-, and 4K-byte PROMs that can be installed in the AIM 
65 microcomputer or in a RM 65 16K PROM/ROM Module. The 
PROM Programmer provides check, program, verify and read 
functions. 

The utility of the Module is enhanced through the included Object 
Code Editor (CO-ED). CO-ED allows you to edit object code in 
much the same way as you can edit source code for the AIM 
65 Assembler, using AIM 65's Text Editor. With CO-ED, patches 
can be made directly In your program without having to go 
through the time-consuming process of re-assembling. 

The A65'901 PROM Programmer and CO-ED Module also sup- 
ports data load, verify and dump with offset functions. And the 
Module plugs directly into the AIM 65 Expansion Connector. 



FEATURES 

• Plugs directly onto the AIM 65 Expansion Connector 

• Programs the following 5 volt PROMs (or equivalents): 

— Intel 2758, 2716 and 2732 

— Tl TMS 2508, 2516 and 2532 

• Provides programming functions to check, program, verify 
and read PROM 

• Includes utility functions to load, verify, dump, fill and Invert 
memory 

• Incorporates object code editor (CO-ED) functions to control 
program pointers; search for operands, jumps/branches and 
strings; and to modify instructions with automatic address 
adjustment 

• 1 K bytes of Static RAM are included to allow single-pass pro- 
gramming of a 4K-bytG PROM when used with a 4K RAM 
version of AIM 65 

• Zero insertion force (ZIP) socket for PROM being programmed 

• On-board DC/DC Converter allows + 5V-only operation 

• Fully assembled, tested and warranted 



,1,4^. 




A65-901 PROn/l Programmer and CO-ED Module 
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FUNCTIONAL DESCRIPTION 

The R6520 Peripheral Interface Adapter (PIA) is the primary 
interface device between the AIM 65 Expansion Connector and 
the 24-pin Zero Insertion Force PROM socket and control 
circuits. During PROM programming, PROM address, PROM 
data and programming control signals are transmitted to the PIA 
on the AIM 65 Expansion Connector data lines. During PROM 
check, verify and read operations, only PROM address and 
control signals are issued to the PIA from the AIM 65. 

Four PIA I/O Lines carry the most significant address signals 
to the PROM. Eight other PIA I/O lines multiplex the PROM data 
and least significant address signals. One output line controls 
the Tri-State Data Latch. Five other PIA I/O Lines control the 
Power Switches. 



During PROM read operations, the PIA sets the address lines 
to the PROM. The tri-state Data Buffer drives the PROM data 
onto the AIM 65 Expansion Connector data lines. The Data Latch 
is disabled at this time. 

The Power Switches drive +5V or +26V onto three PROM 
socket programming lines depending on the PROM type 
selected. 

The 4K R2332 ROM contains the PROM Programmer and 
CO-ED firmware. 

1 K bytes of on-board RAM are provided for use by the PROM 
Programmer and CO-ED software. The RAM is mapped from 
$1000-$13FF to provide contiguous addressing from the top of 
a 4K RAM AIM 65. 



During PROM programming, PROM data is transferred to the 
tri-state Data Latch, which drives the latched data to the PROM. 
The PROM address is then sent to the PROM on the eight 
multiplexed data/address lines and the four dedicated address 
lines. The Power Switches are then turned on to apply the proper 
voltage levels for the required time duration to transfer the 8-bits 
of data into one PROM location. The process is repeated until 
the specified PROM address range is fully programmed. The 
tri-state Data Buffer is disabled during programming. 



The Address Decode circuitry generates individual chip select 
signals to the RAM, ROM, PIA and the Data Buffer. 

The PROM Programmer and CO-ED Module may be powered 
from the AIM 65 or from an external + 5V power supply. A DC/DC 
Voltage Converter generates -i- 30V from + 5V. The + 30V is 
regulated to +26V for on-board use. The +30V may be 
connected to an external power supply to minimize current drain 
on the +5V supply. 



CONNECT TO AIM-65 
EXPANSION CONNECTOR 



CHIP SELECT 

CLOCK AND 
CONTROL 
ADDRESS 



V* 



ADDRESS 
DECODE 



-V* 



R2332 
ROM 



-1/^ 



V-*^ 



=y-»- 



R6520 
PIA 



DATA 

BUFFER 

(TRI-STATE) 






DATA 
LATCH 
(TRI-STATE) 



-A^ 



-V-H 



IK 

2114 

RAM 



-•a#7- 
b\ 






W 



+5V TO +30V 

DC/DC 

CONVERTER 



FT 

B C 

GND GND 



+26V 

VOLTAGE 

REGULATOR 



POWER 
SWITCHES 



'-+* 



24-PIN 
PROM 
ZIF 
SOCKET 



O 

D 
f30V 




A65-901 PROM Programmer and CO-ED Module Block Diagram 
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AIM 65 Expansion Connector Pin Assignments 



Top (Component Side) 


Bottom (Solder Side) 


Signal 




v., . 

Input/ 






Signal 




Input/ 


Mnemonic 


Signal Name 


Output 


Pin 


Pin 


Mnemonic 


Signal Name 


Output 


SYNC 


*Sync 





1 


A 


AO 


Address Bit 




RDY 


*Ready 


1 


2 


B 


A1 


Address Bit 1 




01 


*Phase 1 Clock 





3 


C 


A2 


Address Bit 2 




IRQ 


'Interrupt Request 


1 


4 


D 


A3 


Address Bit 3 




S.O. 


*Set Overflow 


1 


5 


E 


A4 


Address Bit 4 




NMI 


*Non-Maskable Interrupt 


■ 1 


6 


F 


A5 


Address Bit 5 




RES 


Reset 


1 


7 


H 


A6 


Address Bit 6 




D7 


Data Bit 7 


I/O 


8 


J 


A7 


Address Bit 7 




D6 


Data Bit 6 


I/O 


9 


K 


AS 


Address Bit 8 




D5 


Data Bit 5 


I/O 


10 


L 


A9 


Address Bit 9 




D4 


Data Bit 4 


I/O 


11 


M 


A10 


Address Bit 10 




D3 


Data Bit 3 


I/O 


12 


N 


All 


Address Bit 1 1 




D2 


Data Bit 2 


I/O 


13 


P 


A12 


Address Bit 12 




D1 


Data Bit 1 


I/O 


14 


R 


A13 


Address Bit 13 




DO 


Data Bit 


I/O 


15 


S 


A14 


Address Bit 14 




-12V 


*-12 Vdc 




16 


T 


A15 


Address Bit 15 




+ 12V 


*+12Vdc 




17 


U 


SYS 02 


System Phase 2 Clock 


O 


CSS 
CS9 


Chip Select 8 
Chip Select 9 


O 



18 
19 


V 

w 


SYS_R/W 
R/W 


System Read/Write 
Read/Write "Not" 






CSA 


•Chip Select A 





20 


X 


TEST 


Test 





+5V 


. +5 Vdc 




21 


Y 


02 


Phase 2 Clock "Not" 





GND 


Ground 




22 


z 


RAM R/W 


RAM Read/Write 





NOTE: 
















* = Not used 


n this module. 















PROM Programmer Commands 



Category 


Command 


Function 


ENTRY/EXIT 


F1 
ESC 


ENTER PROM PROGRAMMER 
RE-ENTER PROM PROGRAMMER 
ESCAPE TO MONITOR 


BASE ADDRESS 


B 



PROM BASE ADDRESS 
RAM BASE ADDRESS 


PROM 


C 
P 
V 
R 


CHECK PROM 
PROGRAM PROM 
VERIFY Pf^OM 
READ PROM 


MEMORY 


L 

T 

M 


LOAD MEMORY 
VERIFY MEMORY 
DUMP MEMORY 
FILL MEMORY 
INVERTMEMORY 


RECORDER CONTROL 


1 „ ■• " ' 
2 


TOGGLE RECORDER CONTROL LINE 1 ON/OFF 
TOGGLE RECORDER CONTROL LINE 2 ON/OFF 



CO ED Commands 



Category 


Command 


Function 


ENTRY/EXIT 


F3 

/ 

ESC 


ENTER CO-ED 

EXIT CO-ED 

ESCAPE TO MONITOR 


POINTER CONTROL 


W 

■ T ■ 
' ■■ B. ' 

■■'■• u' 

D 

, Q 

X 


LOCATE PROGRAM 

MOVE TO TOP OF PROGRAM 

MOVE TO BOTTOM OF PROGRAM 

MOVE UP ONE INSTRUCTION 

MOVE DOWN ONE INSTRUCTION 

GOTO ADDRESS 

EXCHANGE POINTERS 


SEARCH 


J 
S 


FIND AN OPERAND 

FIND JUMPS AND BRANCHES 

FIND A STRING 


PROGRAM MODIFICATION 


1 

$■ 

A 

c 

M 
R 


INSERT AN INSTRUCTION 

STRIKEOUT AN INSTRUCTION 

ADJUST INSTRUCTION BLOCK 

CHANGE INSTRUCTION 

MOVE INSTRUCTION/DATA BLOCK 

RELOCATE 


UTILITY 


'■ ■ K 


FILL MEMORY 
DISASSEMBLE MEMORY 
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JPECIFICATIONS 


Parameter 


Value 


Dimensions 

Width 

Length 

Height 


4.4 in. (Ill mm) 
6.3 in. (160 mm) 
0.75 in. (19 mm) 


Weight 


5.3 ox. (150 g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0*'Cto70°C 

-40°Cto85°C 

0% to 85% (without condensation) 


Power Requirements 

With DC/DC Converter 

Without DG/DC Converter 


+ 5V +5%, l.t A (5.5 W) — Maximum 
+ 5V ±5%, 0.75 A (3.75 W)— Maximum 
+ 30V ± 5%, 0.04A (1 .2 W) — Maximum 


Memory Map 

User RAM 

I/O 

ROM 


$1000 — $13FF 
$8800 — $8FFF 
$9000 — $9FFF 
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A65-905 
AIM 65 MEMORY CARTRIDGE 



PRODUCT OVERVIEW 

The A65-905 Memory Cartridge is one of the hardware options 
available for the AIM 65 Microcomputer family. 

Many applications of AIM 65 microcomputers, particularly in test 
equipment, instrumentation, monitors, analyzers or controllers, 
require that the resident application software or fixed parametric 
data be changed periodically. This may occur because the item 
under test or being controlled has been changed, or parameter 
values have been revised. For OEM installations, the change 
may be required to customize the system for different customers. 

The AIM 65 Memory Cartridge system is an economical and 
convenient method for expanding the memory of an AIM 65 
microcomputer. The cartridges are designed for use with the 
Rockwell packaged 500 Series of desktop microcomputers, but 
may also be used with any AIM 65 board-level rtiicrocomputer. 
A Buffer Module connects to the AIM 65 Master Module, buffers 
the expansion bus signals, and provides a covered host recep- 
tacle for a Memory Cartridge. In addition to expanded RAM and 
provisions for user application PROM firmware, a variety of pre- 
configured AIM 65 high level languages, assembler and math 
package routines are available in plug-in Memory Cartridge 
form. These language cartridges permit the user to program 
different applications in different languages. Unpopulated RAM 
and PROM/ROM cartridges are also available for complete user 
flexibility. 

The Buffer Module fits under the AIM 65 Master Module and 
fastens securely to the Rockwell AIM 65 Enclosure. Rugged 
injection molded plastic covers for both the Buffer Module and 
the Memory Cartridge complement the AIM 65 Enclosure in 
color, texture and sturdiness. A Memory Cartridge plugs verti- 
cally into the Buffer Module immediately behind the microcom- 
puter enclosure to require a minimum of area in desktop 
applications. A recessed label area on the Memory Cartridge 
cover allows configuration information to be neatly added in an 
area visible to the operator. Address decoding required by the 
different cartridges is accomplished automatically without user 
intervention. 

A 16K Battery Backed CMOS RAM Cartridge retains program 
and data in memory when the AIM 65 Microcomputer power is 
turned off. Critical information can thus be preserved during AC 
power transients or outages and during normal turn-off cycles. 



FEATURES 

• Preconfigured Memory Cartridges 

— AIM 65 high level languages and support firmware 
—Up to 16K bytes additional RAM (volatile or non-volatile) 
—Up to 32K byte additional PROM/ROM 
—Combination RAM and PROM/ROM 

• Permanent Buffer Module installation 

• Convenient Memory Cartridge plug-in installation 

• Use with any AIM 65 500 Series Desktop Microcomputer 

• Compatible with A65-006 enclosure and power supply 

• Cartridges are fully assembled, tested and warranted 

ORDERING INFORMATION 



Part No. 


Description 


A65-905-00 
A65-905-01 

A65-905-02 

A65-905-03 

A65-905-04 
A65-905-05 
A65-905-06 
A65-905-07 
A65-905-08 
A65-905-09 


Buffer Module 

BASIC Interpreter, Assembler, 8K CMOS RAM 

& 4K User PROM Socket 

PL/as Compiler, Assembler, 8K CMOS RAM & 

4K User PROM Socket 

FORTH. Math Package, 8K CMOS RAM & 4K 

User PROM Socket 

Instant PASCAL & 6K CMOS RAM 

32K PROM/ROM (1) 

16K CMOS RAM 

16K CMOS RAM (unpopulated) 

8K CMOS RAM & 16K PROM/ROM (1) 

16K Battery Backed CMOS RAM 


(1) PROMs not included. 




kM 65 Desktop Microcomputer with (Memory Cartridge 
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AIM 65 Memory Cartridge 



FUNCTIONAL DESCRIPTION 

BUFFER MODULE 

The Buffer Module interfaces the AIM 65 Expansion Connector 
to a Memory Cartridge as illustrated. Non-inverting circuits 
buffer the ja ta and address lines. Data direction is controlled 
by the BR/W signal. During a write operation, data from the AIM 
65 Master Module is directed towards the cartridge. During a 
read operation, data from the cartridge is directed towards the 
AIM 65 Master Module. The RAM R/W signal is routed through 
the Buffer Module to the cartridge interface to control the Memory 
Cartridge device read/write operation. 

Address decoding Is accomplished by a factory programmed 
256 X 4 PROM which drives a 3-to-8 decoder. An interlock 
signal (PE) ensures the PROM is enabled only when a cartridge 
is installed. Three address straps within the cartridge (S1 , S2, 
and S3) identify the cartridge type installed by selecting the 
appropriate address decoding section in the PROM. The five 
most significant buffered address lines address one of the 32 
bytes within the selected section. A valid address for the installed 
cartridge results in a low level signal on the most significant 
PROM output pin. This signal in turn enables both the 3-to-8 
decoder and the data transceiver. The remaining three PROM 
outputs (01, 02, and 03) provide the selection input to the 



decoder and drive the appropriate decoder output to the low 
state. The eight decoder outputs form the eight active low chip 
select signals for the cartridge. 

PROM timing is controlled by a delay circuit implemented with 
a mono-stable multivibrator. This circuit delays the turn-on of 
the address decode PROM to prevent bus contentions at the 
beginning of each cycle. 

Power for the Buffer Module is derived from the AIM 65 power 
supply through the Expansion Connector. Power for the car- 
tridge Is routed through the Buffer Module. 

MEMORY CARTRIDGE 

The Memory Cartridge has eight 24-pin sockets which can 
accept 2K RAMs, 4K PROMs or 4K ROMs. In models -01, 
-02, -03, -05, and -08, sockets are available for user supplied 
PROMs. In model -07, sockets are provided for user supplied 
RAMs. 

Variations in socket functions are accomplished by routing 
selected signals through factory installed jumpers. The eight 
sockets are arranged into three groups as illustrated in the block 
diagram. All sockets in each group are configured to accept the 
same memory device type. 



AIM 68 

EXPANSION 

CONNECTOR 



GND 
RAM R/W 



BUFFER MODULE 



•A 



DATA 
TRANS- 
CEIVERS 



-7^ 



y. 



-^ 



^ 



i\i\ 



Buffer Modufe Block Diagram 



B 
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INSTALLATION 

BUFFER MODULE 

1 . Before installing the Buffer Module, turn off power to the AIM 
65 Microcomputer. 

2. Align the Buffer Module Connector J1 pin 1 with the AIM 65 
Expansion Connector J3 pin 1 . 

3. Carefully slide the Buffer Module under the AIM 65 Master 
Module, plugging the Buffer Module onto the Expansion 
Connector. Press In firmly on the end of the module assembly 
until all pins are securely seated. 

4. If your AIM 65 Microcomputer is installed in an AIM 65 
Enclosure, fasten the Buffer Module Assembly bottom plate 
to the base plate of the enclosure using the screws provided 
with the Buffer Module. 



2. There is no on/off switch for the battery. Remove the battery 
to prevent draining the battery when the cartridge is not 
powered. 

3. The battery will last six months in battery back-up mode. 
Therefore, replace the battery after six months of use. The 
replacement battery should be either a GE or Sanyo CR2032. 

4. A potentiometer in the cartridge sets the voltage threshold 
level at which the cartridge switches from Vqc mode to bat- 
tery back-up mode. The factory set levels are approximately 
+4.5 Vdc for battery back-up and +4.7 Vdc for Vcc power. 
Adjust this potentiometer while monitoring the voltage on pin 
4 of Z9 to raise or lower these levels. When pin 4 goes high 
(about +5 Vdc), the cartridge is in battery back-up. 

MEMORY CARTRIDGE 

1. Before installing or removing a Memory Cartridge, turn off 
power to the AIM 65 Microcomputer. 



MEMORY CARTRIDGE BATTERY INSTALLATION 
(A65-905-09 only) 

1 . The battery is NOT factory installed. Install the battery by 
sliding it into the holder plus side (+) up. 



To install the cartridge, align the cartridge with the label side 
towards the microcomputer and plug the cartridge into the 
Buffer Module receptacle (the cartridge is keyed to prevent 
improper insertion). Press down firmly on the top of the car- 
tridge until all pins are securely seated. 



CONNECTS TO 

BUFFER 

MODULE 



CHIP 

SELECTS 

{CS1-CS8) 



MEMORY CARTRIDGE 





' 


^1 


1 21 22 

1 




Z3 




Z4 


1 SOCKET GROUP A 

■| . . 






J 1 


SOCKET 
GROUP B 



I 



r' 





Z5 




Z6 




Z7 




Z8 




SOCKET GRO 


UPC 













^ 



L__ 



I 



3 PINS 24 



- SOCKET GROUPS A. B. & C 



BATTERY BACKUP 
CIRCUITS 
(A65>90S-09) 



7^ 



Memory Cartridge Blc>ck Diagram 



7-48 



A65-905 



AIM 65 Memory Cartridge 











Memory Cartridge Memory Maip 








Block 

Starting Address 


Cartridge Model (A65-905-XX) 


-01 


-02 


-03 


-04 


-05 


-06 


-07 


-08 


-09 


0000 (1) 


AIM 65 Master Module RAM 


1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
AOOO 


8KRAM 


8K RAM 


8KRAM 


6KRAM 


32K PROM 

■■■ 


16K RAM 


16KRAM 


8KRAM 


16K Battery 

Backed 

RAM 












4K PROM 


4K PROM 


4K PROM 


PASCAL 


16K PROM 


















AIM 65 Master Module I/O 


BOOO ' 
COOO 
DOOO . 


• (2) 


BASIC 


PL65 


FORTH 


PASCAL 














Assembler 


Assembler 


Math Pack 


EOOO 
FOOO 


AIM 65 
Monitor 


AIM 65 
Monitor 


AIM 65 
Monitor 


AIM 65 
Monitor 


AIM 65 
Monitor 


AIM 65 
Monitor 


AIM 65 
Monitor 


AIM 65 
Monitor 


Notes: 

(1) Master Module only. 

(2) These blocks are addressed on the AIM 65 Master Module in addition to the cartridges. Components must be removed from AIM 65 Master 
Module sockets Z24, Z25, and Z26 prior to installing the memory cartridge model -01 , -02, or -03. Component must be removed from AIM 65 
Master Module socket Z26 prior to installing cartridge module -04. 



Memory Cartridge Component Summary 



Socket 


Cartridge Model No. (A65-905-XX) 


-01 


-02 


-03 


-04 


-05 


-06 


-07 


-08 


-09 


Function 


BASIC 


PL/65 


FORTH 


PASCAL 


PROM/ROM 


RAM 


User 
RAM 


RAM and 
PROM/ROM 


Battery 

Backed 

RAM 


Z1 


RAM 


RAM 


RAM 


RAM 


PROM 


RAM 


RAM 


RAM 


RAM 


Z2 


RAM 


RAM 


RAM 


RAM 


PROM 


RAM 


RAM 


RAM 


RAM 


Z3 


RAM 


RAM 


RAM 


RAM 


PROM 


RAM 


RAM 


RAM 


RAM 


Z4 


RAM 


RAM 


RAM 


R32P2-11 
ROM 


PROM 


RAM 


RAM 


RAM 


RAM 


Z5 


(1) 
PROM 


(1) 
PROM 


(1) 
PROM 


R32P3-11 
ROM 


PROM 


RAM 


RAM 


PROM 


RAM 


Z6 


R3226-1 1 
ROM 


R3299-1 1 
ROM 


R32J1-11 
ROM 


R32P4-11 
ROM 


PROM 


RAM 


RAM 


PROM 


RAM 


Z7 


R3225-11 
ROM 


R3298-21 
ROM 


R32J2-11 
ROM 


R32P5-1 1 
ROM 


PROM 


RAM 


RAM 


PROM 


RAM 


Z8 


R3224-1 1 
ROM 


R3224-11 
ROM 


R32L3-1 1 
ROM 


R32P6-1 1 
ROM 


PROM 


RAM 


RAM 


PROM 


RAM 


Notes: 

1. All PROM is user provided TI2532 or equivalent. 

2. All RAM is Toshiba TC551 6AP, Toshiba TC551 6APL or Suwa Seikosha SRM201 8C. 
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Buffer Module to AIM 65 Expansion Connector Pin Assignments 



Top (Component Side) 


Bottom (Solder Side) 




Signal 




Input/ 




Signal 




Input/ 


Pin 


Mnemonic 


Signal Name 


Output** 


Pin 


Mnemonic 


Signal Name 


Output** 


1 


SYNC 


*SYNC 




A 


AG 


Address Bit 


1 


2 


RDY 


*Ready 




B 


A1 


Address Bit 1 


1 


3 


01 


*Phase 1 Clock 




C 


A2 


Address Bit 2 


1 


4 


IRQ 


Interrupt Request 




D 


A3 


Address Bit 3 


1 


5 


S.O. 


*Set Overflow 




E 


A4 


Address Bit 4 


1 


6 


NMI 


*Non-Maskable Interrupt 




F 


A5 


Address Bit 5 


1 


7 


RES 


*Reset 




H 


A6 


Address Bit 6 


1 


8 


D7 


Data Bit 7 


I/O 


J 


A7 


Address Bit 7 


1 


9 


D6 


Data Bit 6 


I/O 


K 


A8 


Address Bit 8 


1 


10 


D5 


Data Bit 5 


I/O 


L 


A9 


Address Bit 9 


1 


11 


D4 


Data Bit 4 


I/O 


M 


AID 


Address Bit 1 


I 


12 


D3 


Data Bit 3 


I/O 


N 


All 


Address Bit 1 1 


1 


13 


D2 


Data Bit 2 


I/O 


P 


A12 


Address Bit 12 


1 


14 


D1 


Data Bit 1 


I/O 


R 


A13 


Address Bit 13 


1 


15 


DO 


Data Bit 


I/O 


S 


A14 


Address Bit 14 


1 


16 


-12V 


*-12Vdc 




T 


A15 


Address Bit 15 


1 


17 


+ 12V 


*+12Vdc 




U 


SYS 02 


System Phase 2 Clock 




18 


CSS 


*Chip Select 8 




V 


SYS R/W 


*System Read/Write 




19 


CS9 


*Chip Select 9 




W 


R/W 


Read/Write "Not" 


1 


20 


CSA 


*Chip Select A 




X 


TEST 


*Test 




21 


+5V 


+5Vdc 




Y 


02 


Phase 2 Clock "Not" 


1 


22 


GND 


Ground 




Z 


RAM R/W 


RAM Read/Write 


1 


Note: 












■ = Not used on this module. 












*' = With respect to the Buffer Module. 













Memory Cartridge to Buffer Module Connector Pin Assignments 



Front (Label Side) 


Rear 




Signal 




Input/ 




Signal 




Input/ 


Pin 


Mnemonic 


Signal Name 


Output** 


Pin 


Mnemonic 


Signal Name 


Output** 


2 


BA3 


Address Bit 3 




1 


BA2 


Address Bit 2 


1 


4 


BA1 


Address Bit 1 




3 


BAO 


Address Bit 


1 


6 


BA7 


Address Bit 7 




5 


BA6 


Address Bit 6 


1 


8 


BA4 


Address Bit 4 




7 


BA5 


Address Bit 5 


1 


10 


BA15 


Address Bit 15 




9 




Not Used 




12 


BA14 


Address Bit 14 




11 


PE 


PROM Enable 





14 


BA12 


Address Bit 12 




13 


BA13 


Address Bit 1 3 


1 


16 


BA9 


Address Bit 9 




15 


BA8 


Address Bit 8 


1 


18 


BA1 1 


Address Bit 1 1 




17 


BA10 


Address Bit 10 


1 


20 


BD1 


Data Bit 1 


I/O 


19 


BDO 


Data Bit 


I/O 


22 


BD3 


Data Bit 3 


I/O 


21 


BD2 


Data Bit 2 


I/O 


24 


BD5 


Data Bit 5 


I/O 


23 


BD4 


Data Bit 4 


I/O 


26 


BD7 


Data Bit 7 


I/O 


25 


BD6 


Data Bit 6 


I/O 


28 


CS2 


Chip Select 2 




27 


CS1 


Chip Select 1 


1 


30 


C$4 


Chip Select 4 




29 


CS3 


Chip Select 3 


1 


32 


CS6 


Chip Select 6 




31 


CS5 


Chip Select 5 


1 


34 


CSS 


Chip Select 8 




33 


CS7 


Chip Select 7 


1 


36 


RAM R/W 


RAM Read/Write 




35 


S3 


Address Strap 3 





38 


S2 


Address Strap 2 





37 


S1 


Address Strap 1 





40 




Not Used 




39 




Not Used 




42 


+5V 


+5Vdc 




41 


+5V 


+5 Vdc 




44 


GND 


Ground 




43 


GND 


Ground 




Note: 












**With respect to Memory Cartridge. 
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SPECIFICATIONS 



Parameter 


Value 


Memory Cartridge 


Buffer Module 


Dimensions 






Width 


5.25 in. (133 mm) 


4.75 in. (121 mm) 


Length 


4.85 in. (123 mm) 


4.69 in. (1 1 9 mm) 


Height 


0.88 in. (22 mm) 


1.48 in. (38 mm) 


Power 


+5V ± 5% 


+5V ± 5% 




-01 , -02, -03 550 ma— Typical 


250 ma— Typical 




-04 550 ma— Typical 






-05 870 ma— Typical 






-06, -07, -09 380 ma— Typical 






-08 620 ma— Typical 




Environment 






Operating Temperature 


0°C to 50°C 


0°C to 70°C 


Storage Temperature 


-40°C to 85°C (except A66-905-09) 
-20°C to 50°C (A65-905-09)* 


-40°C to 85°C 


Relative Humidity 


0% to 85% (without condensation) 


0% to 85% (without condensation) 


Interface Connections 






AIM 65 Expansion Connector 




44 pin-edge receptacle 
(0.156 in. centers) 


Buffer Module to Cartridge 


44 pin-edge connector 


44 pin-edge receptacle 




(0.100 in. centers) 


(0.100 In. centers) 


Note: * -40°C to 85°C if the battery is not present. 
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AIM 65/40 MICROCOMPUTER FAMILY 
Modular Microcomputer Family With Wide OEM, Control Capabilities 



The AIM 65/40 modular microcomputer system allows 
functional steps up from the AIM 65 microcomputer in hard 
working blue collar applications, at very competitive prices. 
It also offers an extremely wide range of languages, 
controller options and an operating system for even greater 
application llexibility. 

The four feasic modules of an AIM 65/40 include an 
R6502 based single board computer, an intelligent printer 
with 40 column alphanumerics and graphics capaibilities, a 
40-character intelligent alphanumeric VF display, and a full 
ASCII keyboard. It may be purchased as a complete set for 
end users or as separate modules for OEM users. The 
printer and display modules may be mounted remotely from 
the single bo^rd computer. 

Language ROMs include BASIC interpr'eter and compiler, 
FORTH firmware and compiler. An assembler ROM, debug 
monitor and text editor ROMs, math package ROM add to 
the versatility. There are even disk operating systems. 



A video controller module can be pre-configured onto the 
AIM 65/40 or can be used stand alone with other 
microprocessor based systems. It gives the AIM 65/40 the 
ability to command screen formatting, text handling and 
screen editing, plus full graphics drawing and data display 
functions. When pre-configured, the AIM 65/40 comes with 
an extended keyboard that includes cursor movement 
controls and a numeric keypad. 

For desk top use, the AIM 65/40 comes in an attractive 
enclosure, including power supply and an expansion card 
cage which can accept any RM 65 Eurocard module. With 
its built-in features and expansion capabilities, the desk top 
AIM 65/40 can be any type of microcomputer system you 
might need. 

In the blue collar family, the AIM 65/40 microcomputer 
provides more power, greater flexibility, for more 
applications. 




AIM 65/40 MICROCOMPUTER 
BOARD-LEVEL VERSION 




AIM 65/40 MICROCOMPUTER 
PACKAGED VERSION 
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A65/40-8X15 

AIM 65/40 SERIES 8000 

MICROCOMPUTER SYSTEM 



OVERVIEW 

The AIM 65/40 Series 8000 Microcomputer System is a pow- 
erful, 8-bit R6502 CPU based microcomputer with a complete 
cpmplement of RAM, ROM and I/O capacity— packaged in an 
atlractlve professional desk-top enclosure and ready for use in 
a wide range of OEM and end-user applications. Four models 
offer either a built-in 40-character single line display or an 80- 
character x 25 line video display controller with each display 
model available with an internal graphics printer or a Centronics 
type printer interface. 

ROM-based disk operating system, input/output fundbns, debug 
monitor, text editor, R6500 assembler, and BASIC interpreter 
provide both standalone software development capability and 
run-time environment. Application programs developed and/or 
executed on a Series 8000 microcomputer can meet require- 
ments for low cost, high performance applications such as data 
acquisition and logging, instrumentation, medical analysis, 
environmental monitor, scientific calculation, and automatic test 
equipment in office, laboratory, or light industrial environments. 




FEATURES 

• integrated, complete and expandable microcomputer system 
—AIM 65/46 single board microcomputer with all Its features 

and populated with 48K bytes RAM and 24K bytes ROM 
— AIM 65/40 extended keyboard with 57-key main keyboard, 

15-key numeric and cursor control keyboard, 8 function 

keys and separate RESET and ATTN keys 
— RM 65 card cage with two available slots for user expansion 
— RM 65 floppy disk controller for interfacing with up to four 

5^4" double-density floppy disk drives 
—Internal power supply with user expansion capacity 

• Four models to choose from 

—Optional single line display or video display controller (VDC) 
— Optional graphics printer or Centronics printer interface 

• Fully contained in attractive, professional enclosure 
—Attractive, stylized two-piece design 
—Strong, Injection molded ABS plastic construction 
—Complementary two-tone color (sand with brown trim) 
— Swing-open top for easy access to internal components 
— Separate floating keyboard assembly 

• Hardware and software expansion options 

— RM 65 input/output, controller and memory modules 
— Disk- and ROM-based language assemblers, compilers 
and/or interpreters 

• ROM-resident firmware for immediate operation 
— Bootstrap disk operating system (BDOS 1.0) 
— User accessible I/O subroutines 

— Debug monitor/text editor 
— R6500 assembler 
— 8K BASIC interpreter 



ORDERING INFORMATION 







A65/40-8515 Microcomputer System 



Part No. 


Description 


A65/40-8215 

A65/40-8315 
A65/40-8415 

A65/40-8515 


AIM 65/40 with VDC, Extended Keyboard, 48K 
RAM, BASIC Interpreter, Assembler, BDOS 1.0, 
FDC & 2 Expansion Slots 
Same as A65/40.8215 with Graphics Printer 
AIM 65/40 with 40-Character Display, Extended 
Keyboard, 48K RAM, BASIC Interpreter, 
Assembler, BDOS 1 .0, FDC & 2 Expansion Slots 
Same as A65/40-8415 with Graphics Printer 



Document No. 29001 DOS 
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AIM 65/40 Series 8000 Microcomputer System 



HARDWARE DESCRIPTION 

The AIM 65/40 Series 8000 Microcomputer Systein is fully pack- 
aged in a two-unit Injection-molded ABS plastic enclosure. The 
Main Unit houses the Single Board Computer (SBC) module, 
power supply, RM 65 4-Slot Card Cage and adapter, Single Line 
Display or Video Display Controller (VDC) module. Graphics 
Printer or Centronics Printer Interface adapter, and interconnect 
cabling. The hinged front panel swings fonA^ard revealing internal 
components thus allowing convenient switch setting and PROM/ 
ROM installation for custom applications. The rear section is 
easily removed to access the RM 65 Card Cage for installation 
of RM 65 expansion modules. Cables from external peripherals 
and equipment connect directly to connectors mounted on the 
back panel. 

The detached Keyboard Unit houses the AIM 65/40 Extended 
Keyboard and is connected to the Main Unit by a retractable 
cable for flexible positioning on the work surface. 

SBC Module 

The SBC module contains an R6502 CPU. a 1 MHz clock circuit, 
on-board device decoders, interrupt request priority circuit, reset 
conditioning, 32K bytes PROM/ROM sockets and 48K bytes 
RAM. 24K bytes of ROM are installed with two 4K-byte sockets 
available for user PROM/ROM installation. All on-board memory 
may be enabled in 4K-byte blocks, yielding an optimal mix of 
on-board/off-board memory and I/O to be addressed. The RAM 
may also be write-protected in 8K-byte segments. Dual bank 
addressing allows an additional 56K bytes of memory or I/O to 
be accessed off-board. 

Video Display Controller (Models -8215 and -8315) 

The Video Display Controller (VDC) interfaces the SBC module 
to a CRT monitor by generating a composite video output signal 
which is routed to a BNC connector on the back panel. Con- 
trolled by a separate microprocessor, built-in commands in 



either text or graphics mode provide flexible text handling and 
screen editing as well as full graphics line drawing and display 
functions. 

In the text mode, a screen format of 80 characters x 24 lines 
is automatically selected. A 40 x 24 format is also available and 
other formats are user programmable. Eight pages of text are 
available in the 80 x 24 format with automatic page sizing for 
other formats. A 4K-byte character generator ROM contains bit 
patterns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, common European letters, and semigraphic 
characters. 

The full graphics mode incorporates bit mapping of 280 x 224 
pixels, which is compatible with the Graphics Printer. Line 
drawing commands move a pen and draw or erase lines using 
either relative or absolute position reference. Data byte capa- 
bility allows individual dots to be controlled using a 40 bytes per 
dot line format (seven dots per byte). 

Graphics Printer (Models -831 5 and -8515) 

The Graphics Printer is a dot matrix thermal printer with two 
modes operation: text and graphics. In the text mode, up to 40 
characters per line can be printed using 7 x 8 dot matrix char- 
acters. 256 pre-defined upper and lower case letters, numbers 
including superscripts and subscripts, math symbols, and 
common European and Greek letters are included in the con- 
troller ROM. Text is printed at a fast 240 lines per minute. In the 
graphics mode, all 280 horizontal dots in a row are individually 
controlled, and any number of rows may be printed. 

The printer includes a dedicated microprocessor-based con- 
troller which operates the printer motor and thermal head timing 
and control functions independently from the SBC module thus 
relieving the SBC module from time consuming peripheral con- 
trol functbns. 




A65/40-8515 Microcomputer Systein— Front Cover Open 
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AIM 65/40 Series 8000 Microcomputer System 



PARALLEL 
PRINTER APPLICATION 

CONNECTOR (J7) CONNECTOR (J1) 



CONNECTOR (J2) 



AUDIO/20 mA 
CURRENT LOOP 
CONNECTOR (J3) 



FLOPPY DISK DRIVE 
CONNECTOR (J5) 



COMPOSITE 

VIDEO 

CONNECTOR (J4) 



r IT _xii 



APPLICATION 



TV 



X 



RS-232C 

INTERFACE AND 

APPLICATION 

R6551 

ACIA 



7T 



ii 



20 mA 

CURRENT LOOP 

INTERFACE 




AUDIO 
CASSETTE 
INTERFACE 



¥ 

SYSTEM 
R6522 



-3E-1 



FLOPPY 

DISK CONTROLLER 

AND4K 

8D0S 1.0 ROM 



3H-^ 

I EXPANSION I 

I DRIVER I 



CARD 
CAGE 



IL 



CENTRONICS 

PRINTER 
INTERFACE 
ADAPTER 



1.-7^ 






SYSTEM BUS 



ii 



ON- BOARD 

DEVICE 
DECODER 



BANK 
SELECT 
SWITCHES 



48K 

DYNAMIC 

RAM 



0C> 



^J 



ROM/RAM 
SELECT 
SWITCHES 



WRITE 
PROTECT 
SWITCHES 



CRYSTAL CONTROLLED 

1 MHz CLOCK 

AND TIMING 

CIRCUIT 



^ 



<t> 



cb 



8K DEBUG 
MONITOR/ TEXT 
EDITOR ROM 



\C^ 



<^ 



32K PROM/ROM 
SOCKETS 



■^■^^ 



SYSTEM BUS 



SPEAKER ^t 
AMP>X^ 

SPEAKER ^S,^ 



1 



f3£ 



MODEL 
DEPENDENT 



GRAPHICS 

PRINTER 

CONTROLLER 



1 



GRAPHICS 
PRINTER 



mm 
T 




KEYBOARD 




SYSTEM 


AUDIO 
f^ " CASSETTE 
"• INTERFACE 


R6522 
VIA 




R6522 
VIA 



IL 



r3S^b.-! 



SINGLE LINE 

DISPLAY 
CONTROLLER 



-CD 



IT 



II 



VIDEO 

DISPLAY 

CONTROLLER 



D-1 



I MODEL 

I DEPENDENT 

I 

I 



s 



INTERFACE CABLE 









l-l 












FUNCTION KEYS (8) 


1 


1 ATTN 












NUMERIC 

& CURSOR 

CONTROL 

KEYBOARD (15) 




MAIN KEYBOARD (57) 








KEYBOARD ENCLOSURE j 



AIM 65/40 Series 8000 Microcomputer System Blocic Diagram 
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Parallel Application Connector (J1) Pin Assignments 




Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


CB2 


I/O 


NMOS 


2 


NC/+5V* 


Power 


3 


CB1 


I/O 


NMOS 


4 


GND 


Power 


5 


PB7 


I/O 


NMOS 


6 


GND 


Power 


7 


PB6 


I/O 


NMOS 


8 


GND 


Power 


9 


PB5 


I/O 


NMOS 


10 


GND 


Power 


11 


PB4 


I/O 


NMOS 


12 


GND 


Power 


13 


PB3 


I/O 


NMOS 


14 


GND 


Power 


15 


PB2 


I/O 


NMOS 


16 


GND 


Power 


17 


PB1 


I/O 


NMOS 


18 


GND 


Power 


19 


PBO 


I/O 


NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


NMOS 


24 


GND 


Power 


25 


PA5 


I/O 


NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


NMOS 


28 


GND 


Power 


29 


PAS 


I/O 


NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


NMOS 


34 


GND 


Power 


35 


PAO 


t/o 


NMOS 


36 


GND 


Power 


37 


CA2 


I/O 


NMOS 


38 


GND 


Power 


39 


CA1 


] '■ 


NMOS 


40 


NC/+5V* 


Power 


Note: *Pins 2 a 


nd 40 can be opilenally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 





Serial RS-232C Application Connector (J2) Pin Assignments 



Audio/20 mA Current Loop Connector (J3) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


I/O 


Type 


1 


GND 




Power 


2 


TD 


o 


RS-232C 


3 


RD 


1 


RS-232C 


4 


RTS 


I/O 


RS-232C 


5 


CIS 


I/O 


RS-232C 


6 


DSR 


I/O 


RS-232C 


7 


GND 




Power 


8 


DCD 


I/O 


RS-232C 


9 


NO 






10 


NO 




RS-232C 


11 


NC 






12 


NO 






13 


NC 






14 


NC 






15 


NC 






16 


NC 






17 


NO 






18 


NC 






19 


NC 






20 


DTR 


I/O 




21 


NC 






22 


NC 




RS-232C 


23 


NC 






24 


NC 






25 


NC 






26 


NC 







Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


TTYRTS 


1 


TTY 


2 


GND 


Power 


3 


TTYTD 





TTY 


4 


GND 


Power 


5 


TTYRD 


1 


TTY 


6 


GND 


Power 


7 


TTY RTN 




Power 


8 


GND 


Power 


9 


AUDIO OUT 


1 


TTL 


10 


GND 


Power 


11 


AUDIO IN 





TTL 


12 


GND 


Power 


13 


CTRL 2 RTN 





Relay 


14 


GND 


Power 


15 


CTRL 2 


1 


Relay 


16 


GND 


Power 


17 


CTRL 1 RTN 





Relay 


18 


GND 


Power 


19 


CTRL1 


1 


Relay 


20 


GND 


Power 



Floppy Disk Drive Connector (J5) Pin Assignments 


1) 


Pin 


Signal 


I/O 


Pin 


Signal 


I/O 


2 


NC'2' 




20 


STEP PULSE 





4 


NC 




22 


WRITE DATA 





6 


DRIVE SELECT #4 





24 


WRITE GATE 





8 


INDEX 


1 


26 


TRACK ZERO . 





10 


DRIVE SELECT #1 





28 


WRITE PROTECTED 


1 


12 


DRIVE SELECT #2 





30 


READ DATA 





14 


DRIVE SELECT #3 





32 


2ND SIDE SELECT 





16 


MOTOR ON 





34 


NC 




18 


DIRECTION IN 











Notes: 1 - 51/4" floppy disk drive interface. 


2. NC = No connection. 





Printer Connector (J7) Pin Assignments 




Pin 


Signal 


I/O 


Pin 


Signal 


I/O 


1 


STROBE 





„ g .... 


DATA 5 





2 


DATA 1 





7 


DATA 6 





3 


DATA 2 





8 


DATA 7 





4 


DATA 3 





10 


ACK 


1 


5 


DATA 4 





9, 11-18 
19-2 


NC 
GND 
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Centronics Printer Interface 
(Models -8215 and -8415) 

The Centronics Printer Interface connector adapter buffers the 
external printer output signals from the SBC module and routes 
the signals to the Printer connector on the back panel. 

40-Character Display (Models -8415 and -8515) 

The 40-Character Display includes a vacuum fluorescent dis- 
play and a dedicated microprocessor-based controller. The 
vacuum fluorescent display is a single sealed unit containing 40 
separately controllable digits. Each digit is composed of a 16- 
segment font which illuminates a full set of upper case alpha- 
betics, numerics, and special characters. In the semi-graphics 
mode, the 16 segments for each digit are individually controlled. 
In addition, each digit includes a separate decimal point. When 
energized, the digits form bright, crisp characters in a blue- 
green color. 

Extended Keyboard 

The Extended Keyboard contains a 57-key full-size terminal 
style alphanumeric keyboard with locking SHIFT key, a 15-key 
numeric and cursor control keyboard, eight function keys, and 
separate RESET and ATTN keys. 



SOFTWARE DESCRIPTION 

standard ROM-based software in the Series 8000 Microcom- 
puter System provides either immediate development capability 
in BASIC and R6500 assembly language or automatic appli- 
cation program startup in a run-time environment. Program ini- 
tiation can be performed either in a PROM/ROM-based 
application program or in RAM after an automatically initiated 
load of the application program from floppy disk. The ROMs 
installed in each Series 8000 systems are: 

• AIM 65/40 I/O ROM 

• AIM 65/40 Bootstrap Disk Operating System Version 1.0 
(BDOS 1.0) 

• AIM 65/40 Debug Monitor/Text Editor 

• AIM 65/40 BASIC Interpreter 

• AIM 65/40 Assembler 

I/O ROM 

The I/O ROM includes preprogrammed auto-start initialization, 
interrupt, input/output and utility functions which support user- 
defined programs as well as Series 8000 standard firmware and 
optional firmware/software. Auto-start initialization jumps to pre- 
determined PROM/ROM addresses during RESET processing. 
The application program can assume direct control of the system 
for continued operation, or it can just initialize required functions, 
then return control back to the I/O ROM for continued auto-start 
of other functions. I/O drivers directly support intelligent display 
and printer peripherals. Other drivers support the RS-232C/ 
20MA interfaces and the audio cassette ports, and control the 
on-board speakers. 

BDOS 1.0 

The BDOS 1 .0 ROM provides disk and file management func- 
tions as well as automatic loading of a bootstrap loader from 



disk for load and go program execution. BDOS functions open, 
close, read and write program and data files under operator or 
program control. User-friendly prompts, displayed at the Debug 
Monitor, Text Editor, BASIC, and Assembler command level 
messages, simplify operator initiation and monitoring of disk and 
file operations. Disk-oriented functions include format a disk and 
list the directory for all files on the disk. File-oriented functions 
include list, delete and recover a named file. 

When the BASIC ROMs are installed, the microcomputer auto- 
matically initializes to the BASIC command level unless over- 
ridden by an application program auto-start sequence. Easy 
entry to the Debug Monitor and Text Editor command levels 
allow machine level debugging, assembler selection and text 
entry/editing. 

Debug Monitor/Text Editor ROMs 

The Debug Monitor/Text Editor includes a wide selection of 
functions to simplify computer program entry and checkout. Text 
can be easily entered, edited, saved and retrieved using either 
line- or screen-oriented commands in the Text Editor. A char- 
acter cursor can be positioned left, right, up, or down to aid char- 
acter insertion, addition, and deletion. Automatic and selective 
character string change capability makes block changes as 
desired. Multiple text buffers can easily be maintained for sep- 
arate program and data files. 

The Debug Monitor controls program execution in single step 
and run modes and allows convenient examination and altering 
of memory and registers. Single step mode disassembles 
instructbns and traces register contents upon command for 
detail examination of program operation. Symbol level debug- 
ging reduces dependence on absolute addresses and simplifies 
program checkout. Command string capability allows command 
sequences to be chained and easily repeated. 

BASIC ROMs 

The 8K Microsoft-developed BASIC Interpreter implements an 
industry standard high level language which is simple but pow- 
erful and is commonly used in industry, science and schools. 

BASIC operates in one of two modes, development and run- ^^ 
time. In the development mode, BASIC statements are entered H t 
and executed as either direct or indirect commands. Direct com- 
mands are executed upon entry to provide immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number and are executed upon RUN command entry or 
application program auto-start initialization. Indirect statements 
can also be loaded into the Text Editor for entry into BASIC to 
simplify program editing. The microcomputer peripherals, i.e., 
keyboard, 40-character single line display/video display and 
printer, are used in the development mode to enter statements, 
to list entered indirect statements and to display/print execution 
results. 

Assembler ROM 

The assembler translates computer program instructions written 
in R6500 assembly language for the 6502 microprocessor into 
machine code that will operate either in the Series 8000 Micro- 
computer System or in any 65XX CPU-based microcomputer. 
Operating options are selected interactively by the operator 
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upon assembly command. These options specify source code 
device, object code device, symbol table location, full assembly 
or errors only output listing and output listing device. A repeat 
command invokes the assembly according to previously com- 
manded options for rapid setup during program debugging, 
editing and reassembly. Memory to memory assembly is sup- 
ported to speed program generation. 



MEMORY MAP 



SOFTWARE OPTIONS 



Part No. 


Description 


Disk-Based.<i' 




A65/40-7012 


AIM 65/40 Macro Assembler and Linking Loader 


A65-40/7024 


AIM 65/40 BASIC Compiler 


A65/40-7052 


AIM 65/40 FORTH Compiler 


ROM-Based 




A65/40-7040 


AIM 65/40 Math Package ROM 


A65/40-7050 


AIM 65/40 FORTH ROMs 


Note: Provided a 5y4-inch double-density floppy disk compatible 


with AIM 65/40 BDOS 1 .0. 









FFFF 
FOOO 

coop 

8000 

1000 



BANK BANK 1 




FFFF 
FOOO 

EOGO 

DOOO 

COOO 

BOOO 

AOOO 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

800^ 

500 

200 

100 




AIM 65/40 
I/O ROM (1) 


> 


I/O ROM COMMON TO 
BOTH BANKS 




AIM 65/40 
BDOS 1.0 ROM 


ON-BOARD 




AIM 65/40 
— BASIC ROMs 


PROM/ROM 
DEDICATED 
TO BANK 


- 


AIM 65/40 

DEBUG/MONITOR 

& TEXT EDITOR ROMs (2) 






OARD 

\M 

TED TO 

4K0 

R 

ONTO 

BANKS 


AIM 65/40 
ASSEMBLER ROM (2) 






_ ON-BOARD 
48KRAM 




ON-B 

W 

DEDICA 

BAr 


COMM 
BOTH 


f, ■■ :■ , < 




ON-B< 


DARD 


OPTIONAL LANGUAGE 
AND RM 65 MODULE FIRMWARE VARIABLES (3) 

I/O & MONITOR VARIABLES 
6502CPU STACK 
PAGE ZERO DATA 


RAM 
COMMON TO 
BOTH BANKS 

1 


Notes: 


Software Memory Map 

(1) AIM 65/40 System peripheral I/O addresses are assig 
to FF80-FFDF. 

(2) User available during application program operation. 

(3) User available if the optional language and the RM 
expansion module ROMs are not used. 


led 
65 


Banking Memory Map 
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SPECIFICATIONS 





Value 


Parameter Value 


Dimensions 

Main Enclosure 
Width 
Length 
Height 

Keyboard Enclosure 
Width 
Length 
Height 


17.00 in. (43.2 cm) 
7.75 in. (19.7 cm) 
2.26 in. ( 5.8 cm) 

17.00 in. (43.2 cm) 
17.68 in. (44.9 cm) 
6.00 in. (15.2 cm) 


Electrical (cont.) 

J3 (Audio/20 mA 20-pin mass terminated connector 

Current Loop) (3M #3421 -7020 or equivalent) 
J4 (Composite Video) RCA BNC type 

(Allied #6088 or equivalent) 
J5 (Floppy Disk Drive) 34-pln mass terminated connector 

(3M#341 4-6034 or equivalent) 
J7 (Printer) 36-pln mass terminated connector 

3M #3366-1 001 or equivalent 
AC Power Connection 
Power Connector 3-Prong Recessed Grounding Plug 

(NEMA5-15P) 

Power Cord 
Type Detachable, 3-Conductor 
Length 6 Feet 
Rating 1 25 Vac, 1 5A Service 
Line End Molded Vinyl Grounding Plug 

(NEMA5-15P) 
Microcomputer End Molded Vinyl Grounding Receptacle 
AC Power Requirement 
Input Voltage 1 1 5 Vac ±1 0%, 47-63 Hz 
Fuse 230 Vac, 3A, Slo-Blo 


Environment 

Operating Temperature 
With Printer 
Without Printer 

Storage Temperature 
With Printer 
Without Printer 

Relative Humidity 


0°C to 50°C 
0°C to 70"C 

0°C to 70"C 
-25°C to 85°C 

0% to 85% (without condensation) 


Electrical 

Interface Connectors 
(Back Panel) 
J1 (Parallel 

Application) 
J2 (Serial RS-232C 
Application) 


40-pin mass terminated connector 
(3M#341 7-7040 or equivalent) 
25- pin Delta connector 
3M#3482-1000 or equivalent) 




D 



A65/40-8515 Microcomputer System-— Bacic Panel 
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A65/40-2000, -3000, -4000 and -5000 
AIM 65/40 MICROCOMPUTER 



OVERVIEW 

the AIM 65/40 microcomputer integrates tlie AIM 65/40 mod- 
ular components— Single Board Computer (SBp), 40-Character 
Display or Video Display Controller (VDC) rnodule, Graphics 
Printer, and a Standard or Extended Keyboard— into a com- 
plete self-contained system including an application-oriented 
I/O ROM and a ROM resident operator-oriented Debug Monitor/ 
Text Editor. The display and printer modules are mounted onto 
the SBC while the keyboard is detached— all peripherals are 
connected through removable 40-conductor ribbon cables. The 
peripherals can easily be relocated to other positioris to satisfy 
unique installation requirements. 

In its integrated form, a desk-top installation of the AIM 66/40 
hfiicrocomputer system can perform a wide range of specialized 
data acquisition, data reduction, control, and monitor functions 
in either OEM or end-user configurations. As a development 
tool, the system can support software developed in either 
assembly or high level language for operation in AIM 65/40 or 
RM 65 based microcomputers at a fraction of the cost of other 
systems. 

As an advanced generation of the popular AIM 65 microcom- 
puter, the separate AIM 65/40 assemblies provide increased 
processing throughput, improved keyboard, display and printer 
modules, and expanded application interfaces. The 6502 CPU- 
based AIM 65 Single Board Computer, with a full address com- 
plement of memory capacity on-board, extremely flexible I/O, 
and interrupt driven I/O handlers in firmware, is the heart of the 
AIM 65/40 microcomputer system. The AIM 65 Graphics Printer, 
with its separate microcomputer controller, prints 40 columns 
of characters, using a complete set of upper and lower case 
alphabetic, numeric, semi-graphic, and special characters in the 
text mode at 240 lines per minute, and also provides a full 
graphics mode of 280 dots by n rows. The AIM 65/40-Character 
Display, with its own microprocessor-based controller, features 
an easy-to-read fluorescent display, and provides a full comple- 
ment of alphanumeric and special characters as well as internal 
editing, scrolling, and blinking functions. The terminal-style AIM 
65 Standard Keyboard contains a full-size main keyboard plus 
a separate row of eight dedicated function keys and isolated 
RESET and ATTN keys. 

The system comes with a 4K-byte I/O ROM and an 8K-byte 
interactive debug monitor and text editor.. Optional assembler 
and common high level language compilers/interpreters improve 
programmer productivity, increase program reliability, and sim- 
plify program maintenance. ROM-based firmware includes a 
disk operating system, symbolic assembler, universally accepted 
BASIC interpreter, and a highly efficient FORTH system with 
resident compiler, interpreter, and macro assembler. Optional 
disk-based software includes a macro assembler, BASIC com- 
piler and FORTH target compiler. 



FE/flTURES 

• Single Board Computer with extensive memory and I/O 
—6502 CPU 

— 131 K addressing, in Two 65K-byte banks 

^Up to 48K-bytes of on-board RAM, with write-protect 

— Up to 32K-bytes of on-board PROM or ROM 
—User-Prioritized Interrupts, up to six levels 

— User-Dedicated parallel I/O interface 
—User-Dedicated RS-232C serial interface 
—Audio cassette/TTY (20 m A current) interface 

— RM 65 bus expansion interface 

• Graphics Printer 

— Text mode provides upper/lower case alphanumerics. Math, 

and Special Characters at 240 lines/minute 
— Full graphics mode provides 280-dot resolution 
—Quiet, reliable thermal operation 

• 40-Character Display 

—Full upper case alphanumeric and special characters 

— Bright, crisp vacuum fluorescent display 

— Display, edit, auto-scroll, and character blinking functions 

• Full-Size Terminal-Style Standard Keyboard 
— 57 keys, including locking ALL CAPS key 
—Eight user function keys, plus ATTN and RESET 

• I/O ROM 

— Auto-start Initialization 
— Interrupt-driven peripheral I/O handling 
— RAM vectored I/O with expansion hooks 
—General purpose I/O and utility subroutines 

• ROM-Resident Interactive Debug Monitor 
— Accepts instructions in mnemonic form 
— Machine level debug functions 

— Command file for automatic command execution 

• ROM-Resident Text Editor 

—Line and screen oriented commands 

— Read, list, insert, delete functions 
— Cursor control functions 

— Automatic and manual block change functions 

• Extensive Documentation 

— Comprehensive user's manual 

— I/O ROM and Monitor/Editor assembly listings 
— Programming and hardware manual 

—Summary booklet and wall schematic 



Document No. 29000D78 
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A65/40-2000, -3000, -4000 and -5000 



AIM 65/40 Microcomputer 




A65/40-5000 AIM 65/40 Microcomputer 



ORDERING INFORMATION 

Microcomputers 



Part No. 


Description 


A65/40-2000 

A65/40-3000 

A65/40-4000 
A65/40-5000 


AIM 65/40 SBC with 32K RAM, Monitor 

ROMs, Extended Keyboard, and VDC 

Module 
AIM 65/40 SBC with 32K RAM. Monitor 

ROMs, Extended Keyboard, VDC Module & 

Graphics Printer 
AIM 65/40 SBC with 32K RAM Monitor ROMs, 

Standard Keyboard and 40 Char. Display 
AIM 65/40 with 32K RAM Monitor ROMs, 

Standard Keyboard, 40 Char. Display and 

Graphics Printer 



Firmware Options 



Part No. 


Description 


A65/40-7010 


AIM 65/40 Assembler ROM 


A65/40-7020 


AIM 65/40 BASIC Interpreter ROMs 


A65/40-7040 


AIM 65/40 Math Package ROM 


A65/40-7050 


AIM 65/40 FORTH ROMs 


A65/40-7090 


AIM 65/40 Disk Operating System Version 1 .0 




{DOS 1.0) ROM 


A65/40-7092 


AIM 65/40 Bootstrap Disk Operating System 




Version1.0(BDOS1.0)ROM 



Software Options (SVa" Disi<s) 



Part No. 


Description 


A65/40-7012 

A65/40-7024 
A65/40-7052 


AIM 65/40 Macro Assembler and Unking 

Loader<^) 
AIM 65/40 BASIC Compiler Disk^^' 
AIM 65/40 FORTH Target Compller^^' 


Notes: 

1. Requires RM 65 FDC Module (RM65-5101E) and A65/40-7092 
BDOS1.0ROM. 

2. Requires RM 65 FDC Module (RM65-5101E) and either 
A65/40-7090 DOS 1.0 or A65/40-7092 BDOS 1.0 ROM. 



FUNCTIONAL DESCRIPTION 

SINGLE BOARD COMPUTER (SBC) MODULE 

The A65/40-1000 SBC Module contains an R6502 CPU, a 1 
MHz clock circuit, on-board device decoders, interrupt request 
priority circuit, reset conditioning, and both PROM/ ROM and 
RAM memory. On-t)oard sockets accept up to 65K bytes of 
read-only and read/write memory. Up to 32K bytes of PROM/ 
ROM and up to 48K bytes of RAM may be installed. All on-board 
memory may be enabled in 4K-byte blocks, yielding an optimal 
mix of on-board/off-board memory and I/O to be addressed. The 
RAM may also be write-protected in 8K-byte segments. Dual 
bank addressing allows an additional 56K bytes of memory or 
I/O to be accessed off-board. 

The SBC module is connected by removable cables to the 40- 
Character Display and the Graphics Printer over identical Cen- 
tronics type parallel handshaking interfaces. The SBC is also 
connected to the Standard Keyboard through a removable Inter- 
face cable. These peripheral ports may be also used as general 
purpose bi-directional data ports with parallel, serial, interrupt, 
and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface Adapter (VIA) devices. 

A separate user-dedicated R6522 VIA interfaces with the Par- 
allel I/O Connector. The high current drive capacity of the VlA's 
eight "B" port lines can directly drive many industry-standard 
devices, such as solid state relays. The RS-232C connector 
provides an interface that allows the SBC to function as a data 
set or data terminal. An Audio/TTY Connector interfaces to one 
or two audio cassette recorders and to a 20 mA current loop 
serial interface. 

An Expansion Connector extends the system bus to Rockwell 
RM 65 bus compatible memory, I/O, or peripheral controller 
modules. Up to six levels of interrupt priority may be assigned 
to on-board and off-board peripherals. 

STANDARD KEYBOARD 

The A65/40-0200 Standard Keyboard is a full-size terminal style 
alphanumeric keyboard containing 66 momentary contact single 
pole single throw (SPST) keys and one locking SPST key. The 
keyboard has a complement of 63 momentary contact keys in 
an 8 X 9 matrix with nine positions unused. An ALL CAPS 
locking key is also In this matrix. Nine strobe and eight return 
lines are used to determine which key is pressed. Three 
momentary contact keys— RESET, ATTN, and PAPER FEED 
are outside of the keyboard matrix. These key switches have 
dedicated returns. 

EXTENDED KEYBOARD 

The A65/40-021 Extended Keyboard has the added features 
of an industry standard numeric keyboard and cursor control 
keys. 



D 
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PARALLEL I/O RS-232C 

CONNECTOR (J1) CONNECTOR (J2) 



AUDIO/TTY 
CONNECTOR (J3) 



EXPANSION 
CONNECTOR (J4) 




PRINTER 
CONNECTOR (JS) 



I IN 



KEYBOARD 

CONNECTOR <J7) 



mil 



DISPLAY 
CONNECTOR (J6) 



A6S/40-0600 
GRAPHICS 
PRINTER 



A6S/40-0200 
STANDARD KEYBOARD 

OR A65/40-0210 
EXTENDED KEYBOARD 



A65/40-0400 

40-CHAR. DISPLAY 

OR A65/40-0800 

VIDEO DISPLAY 

CONTROLLER 

MODULE 



AIM 65/40 System Block Diagram 



8-12 



A65/4&-2000, -3000, ^4000 and -5000 



AIM 65/40 Microcomputer 



GRAPHICS PRINTER 

The A65/40-0600 Graphics Printer includes a dot matrix thermal 
printer mechanism, a microcomputer controller, thermal head 
drivers, and motor/strobe timing circuitry. 

The printer mechanism includes a thermal head, platen, motor 
drive linkage, and associated wiring. There are 40 thermal ele- 
ments on the thermal head, each of which spans seven dot 
fields; each element is a discrete point which rides against heat 
sensitive paper. Control logic turns on the thermal head drivers 
to heat the sensitized paper when a dot is to be printed. During 
a print cycle, the thermal head moves horizontally across the 
paper; when an entire row of dots has been printed, the printer 
motor advances the platen by one horizontal row of dots. 

The printer controller includes an R6504 CPU, 4K-byte ROM, 
RAM, I/O, timer, clock, and reset circuitry. The ROM contains 
both the CPU instructions and the individual character bit pat- 
terns. The controller performs printer motor and thermal head 
timing and control functions to enable the printer to operate 
independently from the SBC module. 

Data and control commands are transmitted to the printer over 
the Centronics type parallel handshake interface. An internal 
buffer accepts up to 80 bytes for printing. The controller auto- 
matically prints the first 40 7 x 8 dot-matrix characters in the text 
mode or after receiving a row of 280 dots in the graphics mode. 
The paper can also be advanced with a paper feed command, 
or manually using the paper feed switch. 

40-CHARACTER DISPLAY 

The A65/40-0400 40-Character Display contains a vacuum flu- 
orescent display, a microprocessor-based controller, a 2K-byte 
character font/program ROM, character and segment drivers, 
and a DC/DC power converter. The vacuum fluorescent display 
is a single sealed unit containing 40 separately controllable 
digits. Each digit is composed of a 1 6-segment font which allows 
a full set of upper case alphabetics, numerics, and special char- 
acters to be displayed. In the semi-graphics mode, the 16 seg- 
ments of each digit are individually controlled. In addition, each 
digit includes a separate decimal point. When energized, the 
digits form bright, crisp characters In a blue-green color. 

VIDEO DISPLAY CONTROLLER (VDC) MODULE 

The A65/40-0800 Video Display Controller (VDC) module Inter- 
faces the AIM 65/40 microcomputer to either a CRT monitor or 
TV receiver. The module connects to the AIM 65/40 SBC module 
display connector (J5) and interfaces to the display through 
either the composite video output or the separate HSYNC, 
VSYNC, and VIDEO output TTL compatible signals. With its 
integral microcomputer controller, built-in commands provide 
selectable and programmable screen formatting, flexible text 
handling and editing, and full graphics drawing and data display 
functions. In the text mode, preprogrammed formats of 80 char- 
acters X 24 lines or 40 characters x 24 lines are selectable. 
Other formats are user programmable. The full graphics mode 
incorporates bit mapping of 280 x 224 pixels, which is compat- 
ible with the Graphics Printer. 



I/O ROM 

The I/O ROM includes preprogrammed auto-start initialization, 
interrupt, input/output and utility functions which support user- 
defined programs as well as AIM 65/40 optional firmware/soft- 
ware. Auto-start initialization jumps to predetermined PROM/ 
ROM addresses during RESET processing. The application pro- 
gram can assume direct control of the system for continued 
operation, or it can just Initialize required functions, then return 
control back to the I/O ROM for continued auto-start of other 
functions. 

I/O drivers directly support AIM 65/40 Intelligent display and 
printer peripherals. Other drivers support the RS-232C/TTY 
interfaces, the audio cassette ports and control the on-board 
speaker. 

DEBUG MONITOR/TEXT EDITOR 

The Debug Monitor/Text Editor includes a wide selection of func- 
tions to simplify computer program entry and checkout. Text can 
be easily entered, edited, saved, and retrieved using either line 
or screen oriented commands in the Text Editor. A character 
cursor can be positioned left, right, up, or down to aid character 
insertion, addition, and deletion. Automatic and selective char- 
acter string change capability makes block changes as desired. 
Multiple text buffers can easily be maintained for separate pro- 
gram and data files. 

The Debug Monitor controls program execution In single step 
and run modes and allows convenient examination and altering 
of memory and registers. Single step operation allows instruc- 
tion and register trace for detail examination of executed instruc- 
tions. Symbol level debugging reduces dependence on absolute 
addresses and simplifies program checkout. 
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DEBUG MONITOR COMMANDS 

Monitor Control Commands 



Load/Dump Memory 



CTRL RESET 

RESET 

ATTN 

ESC 

E 

C 

T 

F1 - F8 

+ 

& 

O 

CTRLZ 

CTRL Z CTRL Z 

CTRLC 

CTRLN 



Enter and Initialize Monitor (Cold Reset) 

Enter Monitor (Warm Reset) 

Non-Maskable Interrupt 

Escape to Monitor Command Level 

Initialize Text Buffer and Enter Text Editor 

Recover Text Buffer and Enter Text Editor 

Reenter Text Editor 

Enter Function 1 - Function 8 

Repeat Last Command 

Execute Command String 

Toggle Memory Banl< 

Direct Peripheral Control 

SBC Module RAM Self Test 

Clear Display And Home Cursor 

Home Cursor 



Display/Alter Registers 



Display Register Contents 
Display/Alter Accumulator 
Display/Alter Processor Status 
Display/Alter Stack Pointer 
Display/Alter X Register 
Display/Alter Y Register 
DispJay/Alter Program Counter 



Display/Alter Memory 



M 
SPACE 



Display Selected Memory Contents 
Display Higher Memory Locations 
Display Lower Memory Locations 
Alter Current Memory Contents 



Enter/Disassemble Instructions 



Enter Mnemonic Instruction 
Disassemble Memory 
Enter Symbolic Address 



Execution/Trace 

G 

Z 
J 
H 
V 



Execute Program 
Toggle Instruction Trace 
Display Register Heading 
Display Jump and Branch History 
Toggle Symbol Table On/Off 



Brealcpoint Manipulation 



Display Breakpoints 

Clear Breakpoints 

Toggle Breakpoint Enable On/Off 

Set Breakpoint 



Load Memory 
Dump Memory 
Verify Memory 



Peripheral Control 

CTRL P Toggle Auto-Print On/Off 

PRINT Print Display Contents 

1 Toggle Recorder 1 Control On/Off 

2 Toggle Recorder 2 Control On/Off 

3 Verify Tape Checksum 

Screen Oriented Commands 

F1 (or CTRL Q) Home Cursor on Line 

F2 (or CTRL R) Clear Line to Right 

F3 (or CTRL S) Toggle Insert Mode On/Off 

F4 (or CTRL T) Delete Character Under Cursor 

F5 (or CTRL U) Move Cursor Left (Left Arrow) 

F6 (or CTRL V) Move Cursor Right (Right Arrow) 

F7 (or CTRL W) Move Line/Cursor Down (Down Arrow) 

F8 (or CTRL X) Move Line/Cursor Up (Up Arrow) 

CTRL A Add (Insert) a Line 

CTRL B Break a Line 

CTRL D Delete a Line 



TEXT EDITOR COMMANDS 

Editor Control Commands 



S 


Enter Screen Edit Mode 


Q 


Quit Editor and Enter Monitor 


ESC 


Return to Editor Command Level 


+ 


Repeat Last Command 


CTRLC 


Clear Display and Home Cursor 


CTRL N 


Home Cursor 


Line Oriented Commands 


L 


List Multiple Lines 


R 


Read Multiple Lines 


1 


Insert One Line 





Overlay Current Line 


K 


Delete Multiple Lines 


(SPACE) 


Display Current Line 


? 


Display Current and Last Line Addresses 


G 


Go to Line Number 


U 


Go up Multiple Lines 


D 


Go down Multiple Lines 


T 


Go to Top Line 


B 


Go to Bottom Line 


F7 (or CTRL W) 


. Go Down One Line 


F8 (or CTRL X) 


Go Up One Line 
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DEVELOPMENT MODE 



FFFF 


AIM 65/40 


FOOD 


I/O R0M(1) 




AIM 65/40 


EOOO 


BDOS1.0ROM{4) 




1 
OPTIONAL AIM 65/40 


DOOO 


HIGH LEVEL LANGUAGE ROMs (3) 




BASIC 


FORTH 


COOO 








AIM65/40 


BOOO 


DEBUG/MONITOR 




& TEXT EDITOR ROMs (2) 


AOOO 






AIM 65/40 


9000 


ASSEMBLER ROM 


8000 


_ 


7000 


- 


6000 


- 


5000 


USER AVAILABLE 


4000 


>. 


3000 


- 


2000 


- ^ ^ ^ " "' ^ ; ■•;; ■ 


1000 


-: ' ' 





^ 



RUN-TIME MODE 



FFFF 
FOOO 

EOOO 



ONBOARD 
PROM/ROM & RAM 



AIM 65/40 
I/O ROM (1) 



AIM 65/40 
BDOS 1.0 ROM (4) 



OPTIONAL AIM 65/40 
HIGH LEVEL LANGUAGE ROMs (3) 



USER AVAILABLE 



-> .^ 



FFFF 
FOOO 



600 


OPTIONAL LANGUAGES (3) 


600 


OPTIONAL LANGUAGES (3) 


500 
200 


RM 65 RAM (3) 
MONITOR RAM (2) 


500 
200 


RM 65 RAM (3) 
USER AVAILABLE 


100 



6502 STACK 
PAGE ZERO DATA 


100 



6502 STACK 
^PAGE 2ERODATA ' 



e 



I/O ROM (1) 



PROM/ROM 

EXPANSION 

(28K) 



RAM 

EXFWNStON 

(32K) 



RAM 
(16K) 



} 



RAM 
COMMON TO 
BOTH BANKS 

(4K) 

PROM/ROM 
DEDICATED TO 
BANK OR 
COMMON TO 
BOTH BANKS 
(20K) 



RAM 

DEDICATED TO 

BANK OR 

COMMON TO 

BOTH BANKS 

(44K) 



ROM & I/O 
COMMON TO 
BOTH BANKS 
(4K) 



Notes 

(1) MM 65'40 System peripheral I/O addresses are assigned to 
FF80-FFDF 

(2) User available during application program operation if the debug 
and text editor functions are not used. 

(3) User available if the optional language and the RM 65 expansion 
module ROMs are not used. 

(4) Requires RM65-5101E Floppy Disk Controller (FDC) module. 

(5) 56K bytes of RAM (0 - SDFFF) is available for disk-based 
assembter/cbmpilers and user programs. I/O ROM and BDOS 1 .0 
ROM require 8K bytes (SEOOO-SFFFF). 



D 



AIM 65/40 SBC Memory Map 
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SBC Module Connector J1 (Parallel Application) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


CB2 


I/O 


NMOS 


2 


NC/+5V* 


Power 


3 


CB1 


I/O 


NMOS 


4 


GND 


Power 


5 


PB7 


I/O 


NMOS 


6 


GND 


Power 


7 


PB6 


I/O 


NMOS 


8 


GND 


Power 


9 


PBS 


I/O 


NMOS 


10 


GND 


Power 


11 


PB4 


I/O 


NMOS 


12 


GND 


Power 


13 


PB3 


I/O 


NMOS 


14 


GND 


Power 


15 


PB2 


I/O 


NMOS 


16 


GND 


Power 


17 


PB1 


I/O 


NMOS 


18 


GND 


Power 


19 


PBO 


I/O 


NMOS 


20 


GND 


- Power 


21 


PA7 


I/O 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


NMOS 


30 


GND 


Power 


31 


PA2 


i/O 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


NMOS 


36 


GND 


Power 


37 


CA2 


I/O 


NMOS 


38 


GND 


Power 


39 


CA1 


1 


NMOS 


40 


NC/+5V* 


Power 


Note: *Pins 2 and 


40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 





SBC Module Connector J2 
(Serial Application) Pin Assignment 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


I/O 


Type 


1 


GND 




Power 


2 


TD 


o 


RS-232C 


3 


RD 


1 


RS-232C 


4 


RTS 


I/O 


RS-232C 


5 


CIS 


I/O 


RS-232C 


6 


DSR 


I/O 


RS-232C 


7 


GND 




Power 


8 


DCD 


I/O 


RS-232C 


9 


NC 






10 


NC 






11 


NC 






12 


NC 






13 


NC 






14 


NC 






15 


NO 






16 


NC 






17 


NC 






18 


NC 






19 


NC 






20 


DTR 


I/O 


RS-232C 


21 


NC 






22 


NC 






23 


NC 






24 


NC 






25 


NC 






26 


NC 







SBC Module Connector J3 
(Audio/TTY) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


TTY RTS 


1 


TTY 


2 


GND 


Power 


3 


TTYTD 


o 


TTY 


4 


GND 


Power 


5 


TTYRD 


1 


TTY 


6 


GND 


Power 


7 


TTY RTN 




Power 


8 


GND 


Power 


9 


AUDIO OUT 


1 


TTL 


10 


GND 


Power 


11 


AUDIO IN 





TTL 


12 


GND 


Power 


13 


CTRL 2 RTN 


o 


Relay 


14 


GND 


Power 


15 


CTRL 2 


1 


Relay 


16 


GND 


Power 


17 


CTRL 1 RTN 





Relay 


18 


GND 


Power 


19 


CTRL 1 


1 


Relay 


20 


GND 


Power 
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SBC Module Connector U4 (RM 65 Bus) Pin Assignments 






Bottom (Solder Side) 


Top (Component Side) 




Signal 










Signal 








Pin 




Signal Name 


I/O 


Type 


Pin 


Mnemonic 


Signal Name 


I/O 


Type 


Wa 




Not Connected 




— 


Wc 




Not Connected 




— 


Xa 


+5V 


+5 Vdc Line (See Note) 




Power 


Xc 


+5V 


+5 Vdc (See Note) 




Power 


ia 


GND 


Ground 




Power 


lc 


+5V 


+5 Vdc 




Power 


2a 


BADR/ 


Buffered Bank Address 





3S TTL 


2c 


BA15/ 


Buffered Address Bit 15 





3STTL 


3a 


GND 


Ground 




Power 


3c 


BA14/ 


Buffered Address Bit 14 


o 


3STTL 


4a 


BA13/ 


Buffered Address Bit 13 





3STTL 


4c 


BA12/ 


Buffered Address Bit 12 





3STTL 


, 5a 


BA11/ 


Buffered Address Bit 1 1 





3STTL 


5c 


GND 


Ground 




3STTL 


6a 


BA10/ 


Buffered Address Bit 10 





3STTL 


6c 


BA9/ 


Buffered Address Bit 9 


o 


3STTL 


7a 


BA8/ 


Buffered Address Bit 8 





3S TTL 


7c 


BA7/ 


Buffered Address Bit 7 





3STTL 


8a 


GND 


Ground 




Power 


8c 


BA6/ 


Buffered Address Bit 6 





3STTL 


9a 


BA5/ 


Buffered Address Bit 5 





3S TTL 


9c 


BA4/ 


Buffered Address Bit 4 





3S TTL 


10a 


BA3/ 


Buffered Address Bit 3 





3STTL 


10c 


GND 


Ground 




Power 


11a 


BA2/ 


Buffered Address Bit 2 





3STTL 


11c 


BA1/ 


Buffered Address Bit 1 





3S TTL 


12a 


BAO/ 


Buffered Address Bit 





3S TTL 


12c 


BjZfl 


Buffered Phase 1 Clock 


o 


TPTTL 


13a 


GND 


Ground 




Power 


13c 


BSYNC 


Buffered Sync 




3STTL 


14a 


BSO 


Buffered Set Overflow 


1 


OCTTL 


14c 


BDRQ1/ 


* Buffered DMA Request 1 






15a 


BRDY 


Buffered Ready 


1 


OCTTL 


15c 


GND 


Ground 




Power 


16a 




* User Spare 1 






16c 


-12V/-V 


*-12Vdc/-V 






17a 


+ 12V/+V 


* + 12 Vdc/+V 






17c 




*UserSpare2 






18a 


GND 


Ground Line 




Power 


18c 


BFLT/ 


Buffered Bus Float 


1 


OCTTL 


19a 


BDMT/ 


•Buffered DMA Terminate 






19c 


B)iO 


'Buffered External Phase Clock 






20a 




* User Spare 3 






20c 


GND 


Ground 




Power 


21a 


BR/W/ 


Buffered Read/Write "Not" 





3STTL 


21c 


BDRQ2/ 


'Buffered DMA Request 2 






22a 




*System Spare 






22c 


BR/W 


Buffered Read/Write 


o 


3STTL 


23a 


GND 


Ground 




Power 


23c 


BACT/ 


Buffered Bus Active 


1 


OCTTL 


24a 


BIRQ/ 


Buffered Interrupt Request 


1 


OC TTL 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


1 


OCTTL 


25a 


B02/ 


Buffered Phase 2 "Not" Clock 





3STTL 


25c 


GND 


Ground 




Power 


26a 


B02 


Buffered Phase 2 Clock 





3STTL 


26c 


BRES/ 


Buffered Reset 


o 


OCTTL 


27a 


BD7/ 


Buffered Data Bit 7 


I/O 


3STTL 


27c 


BD6/ 


Buffered Data Bit 6 


I/O 


3STTL 


28a 


GND 


Ground 




Power 


28c 


BD5/ 


Buffered Data Bit 5 


I/O 


3STTL 


29a 


B04/ 


Buffered Data Bit 4 


I/O 


3STTL 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


3STTL 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


3STTL 


30c 


GND 


Ground 




Power 


31a 


BD1/ 


Buffered Data Bit 1 


I/O 


3STTL 


31c 


BDO/ 


Buffered Data Bit 


I/O 


3S„TTL 


^2a 


+5V 


+5 Vdc 




Power 


32c 


GND 


Ground 




Power 


Ya 


+5V 


4-5 Vdc (See Note) 




Power 


Yc 


+5V 


+5 Vdc (See Note) 




Power 


Za 




Not Connected 




— 


Zc 




Not Connected 




— 


Note: * Not used or 


^ the SBC. Signal name reflects R 


VI 65 Bus reservec 


functior 


1. 
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SBC Module Connector J5 (Printer) Pin Assignments 






Pin 


R6522 Printer 


Type 


^ Pin 


Signal 


Type * 


Signal 


I/O 


Signal 


I/O 


1(1) 


+5V 





+5V 





Power 


2 


GND 


Power 


3 


NC 




NC 




— 


4 


GND 


Power 


5 


NC 




NC 




— 


6 


GND 


Power 


7 


NC 




NC 




— 


8 


GND 


Power 


9 


NC 




NC 




— 


10 


GND 


Power 


11 


NC 




NC 




— 


12 


GND 


Power 


13 


NC 




NC 




-_ 


14 


GND 


Power 


15 


PAPER FEED (2) 




PAPER FEED (2) 




TTL 


16 


GND 


Power 


17 


RES 





RES 





TTL 


18 


GND 


Power 


19 


PB1 


I/O 


STROBE 





NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


Data 7 





NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


Data 6 





NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


Data 5 





NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


Data 4 





NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


Data 3 





NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


Data 2 





NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


Datal 


o 


NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


DataO 





NMOS 


36 


GND 


Power 


37 






NC 




— 


38 


GND 


Power 


39 


CA2 


I/O 


ACK 


1 


NMOS 


40(1) 


+5V 


Power 


Notes: (1) Maximum +5V current through J5 should not exceed 200 mA per pin. 










(2) Connected to J7-39 through jumper W3. 











SBC Module Connector J6 (Display) Pin Assignments 



Pin 


R6522 Printer 


Type 


Pin 


Signal 


Type 


Signal 


I/O 


Signal 


I/O 


1(1) 


+5V 




+5V 




Power 


2 


GND 


Power 


3 


NC 




NC 




— 


4 


GND 


Power 


5 


NC 




NC 




-r- 


6 


GND 


Power 


7 


NC 




NC 




— 


8 


GND 


Power 


9 


NC 




NC 




— 


10 


GND 


Power 


11 


NC 




NC 




— 


12 


GND 


Power 


13 


NC 




NC 




_ 


14 


GND 


Power 


15 


PAPER FEED (2) 




PAPER FEED (2) 





TTL 


16 


GND 


Power 


17 


RES 




RES 





TTL 


18 


GND 


Power 


19 


PBO 


I/O 


STROBE 





NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


Data 7 


o 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


Data 6 





NMOS 


24 


GND 


Power 


25 


PA5 


I/O 


Data 5 





NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


Data 4 





NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


Data 3 


o 


NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


Data 2 


o 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


Data 1 





NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


Data 





NMOS 


36 


GND 


Power 


37 






NC 




— 


38 


GND 


Power 


39 


CB2 


I/O 


ACK 


1 


NMOS 


40 


+5V 


Power 


Notes: (1 
(2 


) Maximum +5V current through J6 should not exceed 200 mA 
) Connected to J7-39 through jumper W3. 


per pin. 
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SBC Module Connector J7 (Keyboard) Pin Assignments 



Pin 


R6522 Keyboard 


Type 


Pin 


Signal 


Type 


Signal 


I/O 


Stgnal 


I/O 


1(2) 


CB2 


I/O 


RES 


1 


TTL 


2(1) 


NC/+5V 


Power 


3(3) 


CB1 


I/O 


ATTN 


1 


TTL 


4 


GND 


Power 


5 


PB7 


I/O 


MSB7 





NMOS 


6 


GND 


Power 


■ ■ 7 


PB6 


I/O 


MSB6 





NMOS 


8 


GND 


Power 


9 


PB5 


I/O 


MS65 





NMOS 


10 


GND 


Power 


11 


PB4 


I/O 


M&B4 





NMOS 


12 


GND 


Power 


13 


PBS 


I/O 


MSB3 





NMOS 


14 


GND 


Power 


15 


PB2 


1/0 


MSB2 





NMOS 


16 


GND 


Power 


17 


PB1 


I/O 


MSB1 





NMOS 


18 


GND 


Power 


19 


PBO 


I/O 


MSBO 





NMOS 


20 


GND. 


. Power 


21 


PA7 


I/O 


MRT7 




NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


MRT6 




NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


MRT6 




NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


MRT4 




NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


MRT3 




NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


MRT2 




NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


MRT1 




NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


MRTO 




NMOS 


36 


GND 


Power 


37 


CA2 


I/O 


MSB8 




NMOS 


38 


GND 


Power 


39(4) 


CA1 


1 


PAPER FEED 




NMOS 


40(1) 


NC/+5V 


Power 


Notes: (1 ) Pins 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 




(2) Pin 1 can be optionally jumpered to the RESET circuit or to CB2. 










(3) Pin 3 can be optionally jumpered to the NMI circuit or to CB1. 










(4) Pin 39 can be optionally jumpered as PAPER FEED or to CA1 . 











NMOS INTERFACE (input Voltage = +5.0V, TA = 25X) 



Symbol 


Parameter 


MIn 


Max 


Unit 


V,H 




Input High Voltage 


2.4 


5.0 


V 


V,L 




Input LoW Voltage 


-0.3 


+0.4 


V 


l|H 




Input High Current 
(V,H=2.4V) 


-100 


-300 


/xA 


IlL 




Input Low Current 
(V,L = 0.4A) 


-1.0 


-1.6 


mA 


VOH 




Output High Voltage 
(koAD ^ -100A) 


2.4 


5.0 


V 


Vol 




Output Low Voltage 
(lL0AD^-3mA) 


~ 


0.4 


V 


Iqh 




Output High Current (Sourcing) 

(VoH^2,4V) 

(VoH ^ 1 .5V, VIA PB0-PB7 only) 


-100 
-1.0 


- 


mA 


loL 




Output Low Current (Sinl<ing) 
(Vol ^ 0.4V) 


1.6 


— 


mA 


TTL 
OC TTL 


— Industry standard LS TTL. 38 

— Industry standard Open Collector LS TTL. TP 


TTL — Industry standard Tri-Stfite LS TTL. 
TTL — Industry standard Totem Pole LS TTL. 





8-19 







A65/40-2000, -3000, -4000 and -5000 AIM 65/40 Microcomputer 


SPECIFICATIONS 


Parameter 


Vaiue 


Dimensions 

Width 

Length'^ ^ 
Height^2) 


11.85 in. (301 mm) 
19.75 in. (502 mm) 
4.6 in. (117 mm) 


Shipping 

Size 
Weight 


12.5 in. (320 mm) X 16.5 in. (420 mm) X 15 in. (385 mm) 
13.3 lb. (6 kg) 


Weight 

With Printer 
Without Printer 


4 1b. 4 oz. (1.58 kg) 
3 1b. 4 oz. (1.21 kg) 


Environment 

Operating Temperature 
With Printer 
Without Printer 

Storage Temperature 
With Printer 
Without Printer 

Relative Humidity 


0°Cto50°C 
0°Cto70°C 

0°C to 70°C 

-25°Cto85°C 

0% to 85% (without condensation) 


Power Requirements 

With Printer 

Without Printer 


+5V ±5% regulated @ 2.6A (typ); 3.4A (max.); 3.4A (peak)^^) 

+24V (+3.6 V, -2.6V) unregulated @ 2.5A (typ); 4.0A (max.); 6.3A (peak)^'^' 

+5V ±5% regulated @ 1.8A (typ); 2.4A (max); 2.4A (peak)^^^ 


Interface Connector 

J1 (Parallel Application) 

J2 (Serial Application) 

J3 (Audio/TTY) 

J4 (RM 65 Expansion) 

J7 (Keyboard) 

J5 (Printer) and 
J6 (Keyboard) 


40-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
40-pin 3M #3432-1002, or equivalent, mass terminated connector. 

26-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
25-pin AMP #206584-1, or equivalent, mass terminated connector. 

20-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
20-pin 3M #3492-1002, or equivalent, mass terminated connector. 

72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
a 64-pin DIN 41612 Euroconnector or 72-pin Tl H42-51-11-36, or equivalent, 
connector to directly mate to one Rockwell RM 65 module. 

40-pin 3M #3495-1 002, or equivalent. Mates with 3M #341 8-OOOOT or 
equivalent, ribbon cable connector. 

40-pin 3M #3495-2002, or equivalent. Mates with 3M #341 8-OOOOT or 
equivalent, ribbon cable connector. 


Notes: 

1. Specified for 2 in. separation between keyboard and SBC modules. The length may be reduced if keyboard and SBC modules are overlapped/ 
canted or may be extended by installation of a longer interface cable. A cable up to four feet in length may be installed. 

2. Specified for the printer mounted to the SBC module on 1 in. standoffs. The printer may be mounted up to 2.5 in. above the SBC module using 
the installed 3 in. cable or may be installed to operate with a cable up to four feet in length. 

3. Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6A (typical) and 1.2A (maximum) total, and for 16 RAM devices 
(32K bytes) with 0.9A (typical) and 1.7A (maximum) total, installed. , 

4. +24V peak current specified as worst case with printer duty cycle of 75%. For most cases, a +24V 4A pdwer supply is sufficient. 
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REFERENCE DOCUMENTS 

The following product literature is available for further product 
information. 



Order Number 


Document Title 


D74 


A65/40-0200, A65/40-0210 Standard 


D76 


and Extended Keyboard Data Sheet 
A65/40-0400 40-Character Display Data 
Sheet 


D75 


A65/40-0600 Graphic Printer Data 
Sheet 


D86 


A65/40-0800 Video Display Controller 
Module Data Sheet 


D77 


A65/40-1000 Single Board Computer 
Module Data Sheet 


D123 


A65/40-7010 Assembler ROM 


D128 


A65/40-7012 Macro Assembler and 


D120 
D118 
D130 
D122 


Linking Loader 
A65/40-7020 BASIC Interpreter ROMs 
A65/40-7024 BASIC Compiler 
A65/40-7040 Math Package ROMs 
A65/40-7050 FORTH ROMs 


D119 
D116 


A65/40-7052 FORTH Target Compiler 
A65/40-7090 Disk Operating System 
Version 1.0 ROM 


D129 


A65/40-7092 Bootstrap Disk Operating 
System Version 1 .0 ROM 
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A65/40-1000 
AIM 65/40 SINGLE BOARD COMPUTER 



OVERVIEW 

The A65/40-1000 Single Board Computer (SBC) is one of the 
hardware options available for the AIM 65/40, Microcomputer 
family. 

The SBC Is an extremely flexible and adaptable microcomputer 
on a single board. Memory sockets accept up to 65K bytes of 
read-only and read/write memory on the board. Three installed 
peripheral ribbon cable connectors, as well as three user ded- 
icated application edge connectors, provide extensive and ver- 
satile parallel and serial interfaces for use in industrial, scientific 
and educational installations. The RM 65 Bus compatible expan- 
sion connector allows additional memory, I/O, peripheral con- 
troller and application modules to be easily connected. 

Up to 32K bytes of PROM/ROM and up to 48K byteS Of RAM 
may be installed on-board. All on-board memory maybe ena- 
bled In 4K-byte blocks, yielding an optimal mix of on-board/off- 
board memory and I/O to be addressed. The RAM may also be 
write-protected in 8K-byte segments. Dual bank addressing 
allows an additional 56K bytes of memory or I/O to be accessed 
off-board. 

The display and printer interfaces connect through interface 
cables to the A65/40-0400 40-Character Display and the 
A65/40-0600 Graphics Printer over identical Centronics type 
parallel handshaking interfaces. The keyboard interface con- 
nects to the A65/40-0200 Standard Keyboard through an Inter 
face cable. These peripheral ports may be used as general 
purpose bidirectional data ports with parallel, serial, interrupt 
and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface Adapter (VIA) devices. 

In addition, a separate user-dedicated R6522 VIA interfaces 
with the Parallel Application connector. The high current drive 
capacity of the VIA's eight "B" port lines can directly drive many 
industry-standard devices, such as solid state relays. The 
RS-232C Connector provides an interface that allows the SBC 
to function as a data set or data terminal. An Audio/TTY Con- 
nector can be used to attach one or two audio cassette recorders, 
for program or data storage, and a 20 mA current loop 
teletypewriter. 

The A65/40-1 000 SBC comes with a 4K-byte I/O ROM installed. 
Preprogrammed auto-start initialization, interrupt, input/output 
and utility functions support user-defined programs as well as 
AIM 65/40 optional firmware/software. Auto-start initialization 
jumps to predetermined PROM/ROM addresses during RESET 
processing. The application program can assume direct control 
of the SBC for continued operation, or it can just initialize required 
functions, then return control back to the I/O ROM for continued 
auto-start of other functions. I/O drivers directly support AIM 
65/40 intelligent display and printer peripherals. 



FEATURES 

• Popular and Powerful 6502 CPU 

• Extensive On-Board Memory 

— Up to 48K bytes of RAM, with write-protect 
—up to 32K bytes of PROM or ROM 

• Extended and Flexible Addressing 

— 131K addressing, in two 65K-byte banks 
—Dedicated or shared bank addressing 
— On-board/off-board. memory select 

• User-Prioritized Interrupts — Up to six levels 

• Installed I/O Driver ROM 

— Interrupt driven AIM 65/40 peripheral I/O handlers 
— User program auto-start initialization 
—Utility subroutines and user I/O driver linkage 

• Two System Display/Printer Connectors 
— Centronics type parallel handshake 
—AIM 65/40 40-character display compatible 
— AIM 65/40 graphics printer compatible 

• Full-Size Keyboard Interface 

— General purpose parallel interface 
— AIM 65/40 keyboard compatible 

• Parallel Application Interface 

— R6522 Versatile Interface Adapter (VIA) 
—Two 8-bit parallel bidirectional data ports 
— Two 2-bit handshake control ports 
— Two programmable 1 6-bit counter/timers 
^8-bit serial interface 

• RS-232C Serial Application Interface 

— R6551 Asynchronous Communications Interface Adapter 
(ACIA) with programmable data rate to 19,200 baud 

—Configurable as data set or data terminal 

• 20 mA Current Loop Serial Interface 

• Interface to Low Cost Audio Cassette Recorders 
— Remote on/off control through on-board relays 
—AIM 65 format compatible 

• On-Board Piezo-Electric Speaker 
— Programmable tone and duration 

• +5V Operation 



Document No. 29000D77 
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FUNCTIONAL DESCRIPTION 

CENTRAL PROCESSING AND CONTROL 

The A65/40-1000 SBC contains a central processing unit (CPU), 
decoders, read/write memory, read-only memory, peripheral 
interface devices, application interface circuits, expansion bus 
drivers , and support circuitry — all connected together by an 
internal system bus. 

The R6502 CPU, with its advanced pipeline architecture and 13 
addressing modes for fast execution and memory efficiency, 
performs the central processing. A 1 MHz system operating fre- 
quency is derived from a clock circuit employing a 16 MHz ref- 
erence crystal. 

The RESET conditioning circuit shapes the RESET signal 
received from the on-board RESET switc h or t he Keyboard Con- 
nector and generates the system reset (RES) for the CPU, on- 
board I/O devices, the off-board peripherals and the expansion 
bus. It also generates the RES signal at power turn-on. 

The Single Step circuit, enabled under software control, allows 
CPU monitored single instruction execution through user pro- 
grams located below $AOO0. When enabled, a Non-Maskable 
Interrupt (NMI) is generated upon execution of each instruction 
to allow an interrupt subroutine to perform debug functions, such 
as disassembly of the instruction and display of register contents. 

The Interrupt Request Priority circuitry prioritizes individual 
interrupt requests (IRQ) from six sources— the System R6522 
VIA, the Keyboard R6522 VIA, the Application R6522 VIA, the 
Application R6551 AC I A, the RM 65 Bus, and the on-board RAM 
Write Protect circuitry — into a system IRQ. Each IRQ can be 
assigned any priority relative to the others by wiring the Interrupt 
Request Priority Header. The Int errup t Request Priority Mask 
inhibits generation of the System IRQ to the CPU for individual 
interrupt requests assigned below a software selected priority 
level. 

The On-board Device Decoder generates device select signals 
for all on-board RAM, ROM or I/O access. The PROM/ROM and 
RAM select switches allow independent on-board/off-board 
selection of each 4K-byte block. 

Programmable Bank Addressiilg creates two 65K-byte banks, 
for an effective addressing range of 1 31 K bytes with the RM 65 
Bus Expansion Connector. The upper 4K bytes containing the 
I/O ROM, and the slower 4K bytes containing the R6502 stack 
RAM, are always common to both Bank and Bank 1. An 
additional 20K bytes of PROM/ROM may be assigned common 
to both banks, or dedicated to Bank 0, on 4K-byte boundaries 
with the Bank Selection jumpers. The remaining PROM/ROM 
and RAM is dedicated to Bank 0. 



MEMORY 

Eight 24-pin PROM/ROM sockets allow installation of up to 32K 
bytes of PROM/ROM. PROM/ROM size jumpers set up the 
sockets to accept 8K- or 4K-byte devices. The on-board RAM 
can be expanded up to 48K bytes using industry standard 16K 
X 1 dynamic RAM devices in 24 16-pin sockets. 



The RAM Refresh and Timing Control circuitry controls address 
and data timing for RAM memory access, and provides trans- 
parent refreshing of the dynamic RAM devices. Write protect 
switches allow the RAM to be selected for read-only access, 
with independent protection of 8K byte sections (except for the 
lowest 8K which contains page and page 1). An attempted 
write into any protected RAM location will generate a write pro- 
tect interrupt request (IRQ). 

I/O HARDWARE 

Two system R6522 VIA devices support three peripheral ports- 
display, printer and keyboard. Common I/O data lines and sep- 
arate control lines are routed from the System VIA to the Display 
and Printer Connectors. Both common or unique data can easily 
be transferred through the System VIA to the interfacing periph- 
erate since the handshaking control lines are separately han- 
dled. The System VIA also controls data transferred to and from 
audio cassette recorders as well as on-board relays to remotely 
turn the recorders on and off. Each VIA provides two 16-bit 
timer/counters and an 8-bit serial shift register. 

A separate R6522 VIA interfaces with the Keyboard Connector 
and the on-board speaker amplifier. Nine keyboard strobe lines 
are output from the keyboard VIA to the keyboard and another 
eight return lines are input. The eight return lines are also or'ed 
together and connected to the VIA to cause a keyboard IRQ 
when a key is depressed. 

The third R6522 VIA is dedicated to user functions. All 16 data 
and 4 control lines are routed directly to the Parallel Application 
Connector. The Application VIA provides two 8-bit bidirectional 
data ports with handshake control and allows the data direction 
of each port bit to be individually assigned. One of the data lines 
may be configured as a serial line to an 8-bit shift register with 
three input and four output modes. Two independent 16-bit 
timer/counters in the R6522 with four modes in Timer 1 and 
three modes in Timer 2 support numerous internal and external 
timing and clock functions. Two data ports associated with the 
timers allow various input/output functions to be programmed 
such as rectangular wave form generation and sampling. 

In addition to the parallel interfaces, a user dedicated serial 
interface is provided in both RS-232C and 20 mA forms. An ' 
R6551 Asynchronous Communication Interface Adapter (ACIA) 1 
device connects to RS-232C and 20 mA current loop interface 
circuits. On-board jumpers configure the R6551 ACIA to operate 
as either a data set or a data terminal. The R6551 ACIA, with 
its internal data rate generator, may be programmed to one of 
the 16 rates (from 50 to 19,200 baud). Additional program con- 
trol of word length (5, 6, 7 or 8 bits), number of stop bits (1 , 1 V2 
or 2) and parity (odd, even or none) is also provided. 

The RS-232C Interface circuit converts the TTL level signals to 
RS-232C voltage levels and routes the signals to the RS-232C 
Connector. The TTY Interface circuit converts TTL level signals 
to 20 mA current signals arid routes the signals to the Audio/ 
TTY Connector. The TTY receive data and transmit data lines 
operate in parallel with the RS-232C lines. 

Line driver and tri-state circuitry interface with the on-board 
address, data and control lines to interface with the Expansion 
Connector. Both the address lines and data lines are inverted 
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to be compatible with the Rockwell RM 65 Bus. Data and control 
lines are connected to the Bus Control line from the Expansion 
Connector so they can be disconnected from the bus during off- 
board DMA operations. 



The application, audio/TTY and expansion bus signals are routed 
to four edge connectors. The pins on each connector are spaced 
at standard 0.100 inch separation for direct connection to mass 
terminated cable connectors. Mounting holes are also provided 
to allow installation of other connectors. 



INTERFACE CONNECTORS 

The two identical 40-pin Display and Printer connectors allow 
display and printer functions to be easily interchanged, or 
duplicated if two displays or two printers are connected. These 
connectors are directly compatible with the A65/40-0400 40- 
Character Display and the A65/40-0600 Graphics Printer — or 
they may be connected to other Centronics type interface com- 
patible equipment. +5V is routed to the connectors for use by 
the interfacing peripherals. The display and printer connectors 
are mounted vertically on the front half of the SBC to con- 
veniently connect to the printer and display interface cables. 

The 40-pin Keyboard Connector connects the 17 I/O lines from 
the Keyboard VIA to the keyboard inter face cable. Keyboard 
RESET and Non-Maskable Interrupt (NMI) lines are routed from 
the connector to the Reset Conditioning and Single Step circuits 
respectively. The Paper Feed signal from the keyboard may be 
routed directly to the display and printer connectors, or to the 
Keyboard VIA. Mounted horizontally on the front of the SBC, the 
connector allows easy connection to an interfacing cable from 
the A65/40 Keyboard, or from any other compatible equipment. 



The 40-pin Parallel Application Connector connects to I/O lines 
routed directly to the Application R6522 VIA. In addition, +5V 
can be supplied to the interfacing equipment through an on- 
board jumper. 

The 26-pin RS-232C Connector connects to lines from the RS- 
232C Interface circuitry. A standard 25-pin D-type connector 
can be installed. The 20-pin Audio/TTY Connector interfaces 
with audio data and control lines from the Audio Cassette Inter- 
face circuitry and 20 mA current loop lines from the TTY Inter- 
face circuitry. 

The 72-pin Expansion Connector interfaces to lines from the RM 
65 Bus interface. An RM 65-AIM 65/40 Buffer Module, P/N 
RM65-71 40(E) can be connected to the Expansion Connector 
to interface with a Rockwell RM 65 card cage/motherboard. 

VOLTAGE CONVERTER 

The DC-DC Voltage Converter generates all required on-board 
voltages from the +5 volt supply. The +12V and -12V are used 
by the RS-232C Interface Circuit, while +12V and -5V are 
required by the dynamic RAMs. 



NMOS Interface (Input Voltage = +5.0V, TA = 25^0) 



Symbol 


Parameter 


Min 


Max 


Unit 


V,H 


Input High Voltage 


2.4 


5.0 




V 


V,L 


Input Low Voltage 


-0.3 


+0.4 




V 


i|H 


Input High Current 
(V,H = 2.4V) 


-100 


-300 






IlL 


Input Low Current 
(V,L = 0.4A) 


-1.0 


-1.6 




mA 


VoH 


Output High Voltage 
(Iload^ -100 A) 


2.4 


5.0 




V 


Vol 


Output Low Voltage 
(lL0AD^-3mA) 


— 


0.4 




V 


loH 


Output High Current (Sourcing) 












(VoH ^ 2.4V) 


-100 


— 




^.^ 




(VoH ^ 1-5V, VIA PB0-PB7 only) 


-1.0 


— 




mA 


loL 


Output Low Current (Sinking) 
(Vol ^ 0.4V) 


1.6 






mA 


Notes: TTL — 


ndustry standard LS TTL. 


3S TTL — Industry standard TrI-State LS TTL. 




OCTTL — 


ndustry standard Open Collector LS TTL. 


TP TTL — Industry standard Totem Pole LS TTL. 
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DEVELOPMENT MODE 



RUN-TIME MODE 



FfFF 
FOOO 



COOO 

BOOO 
AOOO 

9000 



AIM 65/40 
I/O ROM (1) 



Optional AIM 66/40 
High Leval Language ROMs (3) 



AIM66/4Q 

Debug/Monitor 

& Taxt Editor ROMs <2) 



USER AVAILABLE 



800 
600 
500 
200 
100 



^ 



FFFF 
FOOO 



AIM 65/40 
I/O ROM (1) 



Optional AIM SB/40 
High Laval Language ROMi (3) 



USER AVAII.ABLE 



^^ unnT- 



FFFF 
FOOO 



Optional Languages (3) 

RM65 RAm' isT 

Monito r RAM ( 2) 

6502 Stack 
Page Zero Data 



600 
500 
200 
100 



e 



Optional Languagai (3) 

RM65 RAM (sT " 

User Available 

650 2 Stack 

Page 2ero Data 



ONBOARD 
PROM/ROM & RAM 



PROM/ROM 

EXPANSION 

(28K) 



RAM 

EXPANSION 

(32K) 



ROM & I/O 

, COMMON TO 

BOTH BANKS 

(4K) 



RROM/ROM 

DEDICATED TO 

V. BANK OR 

' COMMON TO 

BOTH BANKS 

(20K) 



'-< 



RAM 

DEDICATED TO 

BANK OR 

COMMON TO 

BOTH BANKS 

(44K) 



RAM 
L COMMON TO 
'^ BOTH BANKS 

(4K) 



Notes: (1) AIM 65/40 System peripheral I/O addresses are assigned to FF80 - FFDF. 

(2) User available during application program operation If the debug and text editor functions are not used. 

(3) User available If the optional language and the RM 65 expansion module ROMs are not used. 

Connector Jl (Parallel Application) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


CB2 


I/O 


NMOS 


2 


NC/+5V* 


Power 


3 


CB1 


I/O 


NMOS 


4 


GND 


Power 


5 


PB7 


I/O 


NMOS 


6 


GND 


Power 


7 


PB6 


I/O 


NMOS 


8 


GND 


Power 


9 


PB5 


I/O 


NMOS 


10 


GND 


Power 


11 


PB4 


I/O 


NMOS 


12 


GND 


Power 


13 


PB3 


I/O 


NMOS 


14 


GND 


Power 


15 


PB2 


I/O 


NMOS 


16 


GND 


Power 


17 


PB1 


I/O 


NMOS 


18 


GND 


Power 


19 


PBO 


I/O 


NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


NMOS 


36 


GND 


Power 


37 


CA2 


I/O 


NMOS 


38 


GND 


Power 


39 


CA1 


1 


NMOS 


40 


NC/+5V* 


Power 


Note: *Pins 2 


and 40 can be optionally jumpered to +6V (maximum current through each pin shoi 


ild not exceed 200 mA 


). 
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Connector J2 (Serial Application) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


I/O 


Type 


1 


GND 




Power 


2 


TD 





RS-232C 


3 


RD 


1 


RS-232C 


4 


RTS 


I/O 


RS-232C 


5 


CIS 


I/O 


RS-232C 


6 


DSR 


I/O 


RS-232C 


7 


GND 




Power 


8 


DCD 


I/O 


RS-232C 


9 


NC 






10 


NC 






11 


NC 






12 


NC 






13 


NC 






14 


NC 






15 


NC 






16 


NC 






17 


NC 






18 


NC 






19 


NC 






20 


DTR 


I/O 


RS-232C 


21 


NC 






22 


NC 






23 


NC 






24 


NC 






25 


NC 






26 


NC 









Connector J 


3 (Audio/TTY) Pin Assignments 


Plh 


Signal 


I/O 


Type 


Plh 


Signal 


Type 


1 


TTY RTS 


1 


TTY 


2 


GND 


Power 


3 


TTYTD 





TTY 


4 


GND 


Power 


5 


TTYRD 


1 


TTY 


6 


GND 


Power 


7 


TTY RTN 




Power 


8 


GND 


Power 


9 


AUDIO OUT 


1 


TTL 


10 


GND 


Power 


11 


AUDIO IN 





TTL 


12 


GND 


Power 


13 


CTRL 2 RTN 





Relay 


14 


GND 


Power 


15 


CTRL 2 


1 


Relay 


16 


GND 


Power 


17 


CTRL1 RTN 





Relay 


18 


GND 


Power 


19 


CTRL 1 


1 


Relay 


20 


GND 


Power 







Connector J4 (RIWI 65 Bus) Pin Assignments 






Bottom (Solder Side) { 


Top (Component Side) | 




Signal 










Signal 








Pin 


Mnemonic 


Signal Name 


I/O 


Type 


Pin 


Mnemonic 


Signal Name 


I/O 


Type 


Wa 




Not Connected 




— 


Wc 




Not Connected 




— 


Xa 


+5V 


+5 Vdc Line (See Note) 




Power 


Xc 


+5V 


+5 Vdc (See Note) 




Power 


1a 


GND 


Ground 




Power 


1c 


+5V 


+5 Vdc 




Power 


2a 


BADR/ 


Buffered Bank Address 





3STTL 


2c 


BA15/ 


Buffered Address Bit 15 





3STTL 


3a 


GND 


Ground 




Power 


3c 


BA14/ 


Buffered Address Bit 14 





3STTL 


4a 


BA13/ 


Buffered Address Bit 13 





3STTL 


4c 


BA12/ 


Buffered Address Bit 12 





3S TTL 


5a 


BA11/ 


Buffered Address Bit 1 1 





3STTL 


5c 


GND 


Ground 




3STTL 


6a 


BA10/ 


Buffered Address Bit 10 





3STTL 


6c 


BA9/ 


Buffered Address Bit 9 





3STTL 


7a 


BA8/ 


Buffered Address Bit 8 





3STTL 


7c 


BA7/ 


Buffered Address Bit 7 





3STTL 


8a 


GND 


Ground 




Power 


8c 


BA6/ 


Buffered Address Bit 6 





3STTL 


9a 


BA5/ 


Buffered Address Bit 5 





3STTL 


9c 


BA4/ 


Buffered Address Bit 4 





3STTL 


10a 


BA3/ 


Buffered Address Bit 3 





3STTL 


too 


GND 


Ground 




Power 


11a 


BA2/ 


Buffered Address Bit 2 





3STTL 


11c 


BA1/ 


Buffered Address Bit 1 





3STTL 


12a 


BAO/ 


Buffered Address Bit 





3S TTL 


12c 


BP(1 


Buffered Phase 1 Clock 





TP TTL 


13a 


GND 


Ground 




Power 


13c 


BSYNC 


Buffered Sync 




3STTL 


14a 


BSO 


Buffered Set Overflow 


1 


OCTTL 


14c 


BDRQ1/ 


*Buffered DMA Request 1 






15a 


BRDY 


Buffered Ready 


1 


OCTTL 


15c 


GND 


Ground 




Power 


16a 




*User Spare 1 






16c 


,-12V/-V 


*-12Vdc/-V 






17a 


+ 12 V/+V 


*+12Vdc/+V 






17c 




*User Spare 2 






18a 


GND 


Ground Line 




Power 


18c 


BFLT/ 


Buffered Bus Float 


1 


OC TTL 


19a 


BDMT/ 


* Buffered DMA Terminate 






19c 


B)^0 


*Buffered External Phase Clock 






20a 




*UserSpare3 






20c 


GND 


Ground 




Power 


21a 


BR/VW 


Buffered Read/Write "Not" 





3STTL 


21c 


BDRQ2/ 


*Buffered DMA Request 2 






22a 




*System Spare 






22c 


BR/W 


Buffered Read/Write 





3&TTL 


23a 


GND 


Ground 




Power 


23c 


BACT/ 


Buffered Bus Active 


1 


OCTTL 


24a 


BIRQ/ 


Buffered Interrupt Request 


1 


OCTTL 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


1 


OCTTL 


25a 


Bjl(2i 


Buffered Phase 2 "Not" Clock 





3STTL 


25c 


GND 


Ground 




Power 


26a 


m 


Buffered Phase 2 Clock 





3STTL 


26c 


BRES/ 


Buffered Reset 





OCTTL 


27a 


BD7/ 


Buffered Data Bit 7 


I/O 


3S TTL 


27C 


BD6/ 


Buffered Data Bit 6 


I/O 


3STTL 


28a 


GND 


Ground 




Power 


28c 


BD5/ 


Buffered Data Bit 5 


I/O 


3STTL 


29a 


BD4/ 


Buffered Data Bit 4 


I/O 


3STTL 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


3STTL 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


3STTL 


30c 


GND 


Ground 




Power 


31a 


BD1/ 


Buffered Data Bit 1 


I/O 


3s TTL 


31c 


BDO/ 


Buffered Data Bit 


I/O 


38 TTL 


32a 


+5V 


+5 Vdc 




Power 


32c 


GND 


Ground 




Power 


Ya 


+5V 


+5 Vdc (See Note) 




Power 


Yc 


+5V 


+5 Vdc (See Note) 




Power 


Za 




Not Connected 




— 


Zc 




Not Connected 




, — 


Note 


: *Not used on 


the SBC. Signal name reflects R 


M65E 


Jus reserve 


d function. 
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A65/40-1000 



Single Board Computer 



Connector J5 (Printer) Pin Assignmehts 



Pin 


R6522 


Printer 


Type 


Pin 


Signal 


Type 


Signal 


I/O 


Signal 


I/O 


1(1) 


+5V 





+5V 


o 


Power 


2 


GND 


Power 


3 


NC 




NC 




— . 


4 


GND 


Power 


5 


NC 




NC 




_ 


6 


GND 


Power 


7 


NC 




NC 




— 


8 


GND 


Power 


9 


NC 




NC 




— 


10 


GND 


Power 


11 


NC 




NC 




_ 


12 


GND 


Power 


13 


NC 




NC 




— 


14 


GND 


Power 


15 


PAPERFEED (2) 




PAPERFEED (2) 




TTL 


16 


GND 


Power 


17 


RES 





RES 


o 


TTL 


18 


GND 


Power 


19 


PB1 


I/O 


STROBE 





NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


Data 7 


o 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


Data 6 





NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


Dates 


o 


NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


Data 4 


o 


NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


Data 3 


o 


NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


Data 2 


o 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


Data 1 


o 


NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


Data 


o 


NMOS 


36 


GND 


Power 


37 






NC 




, — 


38 


GND 


Power 


39 


CA2 


I/O 


ACK 


1 


NMOS 


40(1) 


+5V 


Power 


Notes: { 


) Maximum +5V current tl 


ifough J5 s 


hould not exceed 200 m 


A per pin. 


(2) Connected to J7-39 through jumper W3. 





Connector J6 (Display) Pin Assignments 



Pin 


R6522 


Display 


Type 


Pin 


Signal 


Type 


Signal 


I/O 


Signal 


I/O 


1(1) 


+5V 




+SV 




Power 


2 


GND 


Power 


3 


NC 




NC 




— 


4 


GND 


Power 


5 


NC 




NC 




— 


6 


GND 


Power 


7 


NC 




NC 




_ 


8 


GND 


Power 


9 


NC 




NC 




— 


10 


GND 


Power 


11 


NC 




NC 




_ 


12 


GND 


Power 


13 


NC 




NC 




— 


14 


GND 


Power 


15 


PAPERFEED (2) 




PAPERFEED (2) 


o 


TTL 


16 


GND 


Power 


17 


RES 




RES 


o 


TTL 


18 


GND 


Power 


19 


PBO 


I/O 


STROBE 


o 


NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


Data 7 


o 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


Data 6 





NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


Data S 


o 


NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


Data 4 


o 


NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


Data 3 


o 


NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


Data 2 


o 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


Data 1 


o 


NMOS 


34 


GND 


Power 


36 


PAO 


I/O 


DataO 


o 


NMOS 


36 


GND 


Power 


37 






NC 




— 


38 


GND 


Power 


39 


CB2 


I/O 


ACK 


1 


NMOS 


40 


+SV 


Power 


Notes: (1 


) Maximum +5V current through J6 s 


hould notexceed 200 m 


^ per pin. 


(2) Connected to J7-39 through jumper W3. 
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A65/40-1000 



Single Board Computer 







Connector J7 (Keyboard) 


Pin Assignments 








Pin 


R6522 


Keyboard 


Type 


Pin 


Signal 


Type 


Signal 


I/O 


Signal 


I/O 


1(2) 


CB2 


I/O 


RES 




1 


TTL 


2(1) 


NC/4-5V 


Power 


3(3) 


CB1 


I/O 


ATTN 




1 


TTL 


4 


GND 


Power 


5 


PB7 


I/O 


MSB7 







NMOS 


6 


GND 


Power 


7 


PB6 


I/O 


IVISB6 







NMOS 


8 


GND 


Power 


9 


PBS 


I/O 


MSB5 







NMOS 


10 


GND 


Power 


11 


PB4 


I/O 


IVISB4 







NMOS 


12 


GND 


Power 


13 


PB3 


I/O 


MSB3 







NMOS 


14 


GND 


Power 


15 


PB2 


I/O 


MSB2 







NMOS 


16 


GND 


Power 


17 


PB1 


I/O 


MSB1 







NMOS 


18 


GND 


Power 


19 


PBO 


I/O 


MSBO 







NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


IVIRT7 






NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


MRT6 






NMOS 


24 


GND 


Power 


25 


PAS 


I/O 


MRT5 






NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


MRT4 






NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


MRT3 






NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


MRT2 






NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


IVIRT1 






NMOS 


34 


GND 


Power 


35 


PAO 


• I/O 


MRTO 






NMOS 


36 


GND 


Power 


37 


CA2 


I/O 


IV1SB8 






NMOS 


38 


GND 


Power 


39 


CA1 


1 


PAPERFEED 






NMOS 


40(1) 


NC/+5V 


Power 


Notes: (1) 


Pins 2 and 40 can be.optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 




(2) 


Pin 1 can be optionally jumpered to the RESET circuit or to CB2. 












(3) 


Pin 3 can be optionally jumpered to the NM\ circuit or to CB1. 












(4) 


Pin 39 can be optionally jumpered as PAPERFEED or to CA1. 













SPECIFICATIONS 



Parameter 


Value 


Dimensions 

Width 

Length 

. Height 


11.85 in. (301 mm) 

12.5 in. (318 mm) 

0.75 (19 mm) 


Weight 


1 .0 lb. (373 g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 

-25°Cto+85°C 

0% to 85% (without condensation) 


Power Requirements 


+5V ±5% Regulated; 2.5A (typical); 3.5A (max.) 


Power Connector 


2 Post Terminal Blocl< 


Interface Connector 

J1 (Parallel Application) 

J2 (Serial Application) 

J3 (Audio/TTY) 

J4 (RM as Expansion) 

J7 (Keyboard) 
J5 (Printer) and 
J6 (Keyboard) 


40-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 40-pin 3M #3432-1002, or - 

equivalent, mass terminated connector. 

26-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 25-pin AMP #206584-1, or 

equivalent, mass terminated connector. 

20-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 20-pin 3M #3492-1002 or 

equivalent, mass terminated connector. 

72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of a 64-pin DIN 41612 

Euroconnector or 72-pin Tl H42-51-11-36, or equivalent, connector to directly mate to one Rockwell RM 65 

module. 

40-pin 3M #3495-1002, or equivalent. Mates with 3M #3418-0000T, or equivalent, ribbon cable connector. 

40-pin 3M #3495-2002, or equivalent. Mates with 3M #341 8-OOOOT, or equivalent, ribbon cable connector. 


Note: Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6A (typical) and 1.2A (maximum), and for 16 RAM devices (32K 
bytes) with total 0.9A and 1.7A (maximum) total, installed. 
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A65/40-1000 



Single Board Computer 



COWNECTORUD CONNECTOR »2I 



T 



CL3 



L-" — -^ TTY I Iauoio cassette I 



*'"'r»«'°'' 




APPLICATION 
R6SS1 




A65/40-1000 Single Board Computer (SBC) Diagram 
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A65/40-0004 

A65/40 Microcomputer Family 




A65/40-0Q04 
AIM 66/40 POWER SUPPLY AND CABLE 



DESORIfnriON 

The AIM 65/40 Power Supply and Cable is an open frame DC 
power supply with output cable for connectbn to an AIM 65/40 
Microcomputer. The power supply provides sufficient power for 
full on-board RAM and PROM/ROM expansion as well as off- 
board RM 65 expansion modules, e.g., RM 65 Floppy Disk Con- 
troller (FDC) module (RM65-5101E) and RM 65 Multifunction 
Peripheral Interface (MPI) module (RM65-5223E). The +24V/ 
4A output supplies power to the AIM 65/40 Graphics Printer. 
The ±12V and -5 V outputs are not used by the AIM 65/40 
Microcomputer, but are available for expansion module use. 

AC power connects to an input terminal strip. A jumper on the 
power supply can be positioned for either 1 15 or 230 Vac input. 
An input fuse (5A for 115 Vac or 3A for 230 Vac) provides line 
protectbn. The 3-wire DC output cable, factory connected to the 
power supply output terminals, allows direct connection to the 
AIM 65/40 input power terminals. 

All outputs are current limited to prevent damage to the power 
supply if the outputs are overloaded or accidentally shorted 
together. Full power output is provided from 0° to SO^C. 



FEATURES 

• Dual AC input voltage 

— 115 Vac @ 47-63 Hz or 
—230 Vac @ 47-63 Hz 

• Five DC output voltages 

— +5V for AIM 65/40 Microcomputer logic 
— +24V for AIM 65/40 Graphics Printer 

— + 12V, -12V and -5V for expansion modules 

• Fused input 

• 75% minimum efficiency 

• All outputs current limited 

• No 60 Hz EMI 

• Meets FCC/VDE RFI requirements 

• Soft start — Minimizes input current surge at turn-on 

• No turn on or turn off overshoot 

• DC output cable included 

ORDERING INFORMATION 



Part No. 


D««criptlon 


A65/40-0004 


AIM 65/40 Power Supply and Cable 



^:f,l^:'Ti 




A65/40-0004 Power Supply 



Document No. 29001D27 



8-30 



Data Sheet Order No. D127 
April 1983 



A65/40-0004 



AIM 65/40 Power Supply and Cable 



SPECIFICATIONS 



Parameter 


Value 




Value 


AC Input 


1 15/230 Vac ± 10%, 47-63 Hz 


Hold Up Time 




DC Output 






full load output 


Total Output Power 


ISOWmax. 


Temperature Range 


0°C to SOX full rating, derated 2% 


+5 Vdc 


20.0Amax. 




per "C linearly from 50°C to 70°C. 


+24 Vdc 
+12 Vdc 
-12 Vdc 
-5 Vdc 


4.0A ave. max., 8.0A peak 
1 .5A max. 
1. DA max. 
O.SAmax. 


Dimensions 
A 
B 
C 


10.50 in. (266.7 mm) 
5.00 in. (127.0 mm) 
2.50 in. (63.5 mm) 


Output Accuracy* 




D 


3.90 in. (99.0 mm) 


+5V output 


Adjustable -^5% 


E 


0.30 in. (7.6 mm) 


Other outputs 


±5% max. 


F 


8.90 in. (226.0 mm) 


Static Regulation 
Une 
Load 
+5V output 
Other outputs 


±1% all output 

20% to 100% max. rated load 

±1%max. 

±3% max. 


G 
H 

•'■ J '■■■■' 
K 
L 
M 


0.38 in. (9.6 mm) 
1.62in. (41.1 mm) 
0.25 in. (6.4 mm) 
10.00 in. (254.0 mm) 
12.5 in. (317.5 mm) 
8*32 THD. (4) 


Ripple and Noise 


0.2% RMS 


N 


0.156 in. (3.96 mm) DIA. (4) 


Temperature Coefficients 


0.02%/°C 


Output Cable 




Overshoot 


No turn on or turn off overshoot 


Ungth 
Type 


12 in. (304.8 mm) 

3-wire jacketed with internal balun 


Overload Protectton 


Cun-ent limit protection on all 


Gauge 


20AWG 




outputs 


Termination 


Tinned leads 


Overvoltage Protection 


All outputs protected against power 
supply induced overvoltage. 


Routed Outputs 


+5V, +24V and COM 




Molds full rated regulation to 85/170 
Vac 






Note: 










it voltage at 60% load on all outputs with +5V output set to +5 OOV 






S[ 



r 
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A65/40-0200, -0210 

AIM 65/40 Microcomputer Family 




A65/40-0200 AND A65/40-021Q 

AIM 65/40 STANDARD 
AND EXTENDED KEYBOARDS 



OVERVIEW 

The A65/40-0200 and A65/40-0210 keyboard subassemblies 
are one of the hardware options available for the AIM 65/40 
Microcomputer family. 

The A65/40-0200 Standard Keyboard is a full-size ASCII key- 
board. The 57 main keys provide the complete set of 128 ASCII 
printable and control characters. Eight separate function keys, 
located above the main keyboard, support user-defined pro- 
cesses. Separate ATTN and RESET keys allow user-defined 
interrupt processing and computer initialization. An industry 
standard, NMOS parallel interface can be used to connect the 
keyboard to a Rockwell AIM 65/40 Single-Board Computer 
(SBC), Rockwell RM 65 board-level products, or to other 
computers. 

The A65/40-0210 Extended Keyboard has all of the above fea- 
tures, plus an industry standard numeric keyboard and cursor 
control key: 



FEATURES 

• Full-size, terminal-style keyboard 

• 64 keys within an 8 x 9 matrix support the ASCII character 
set: 

— Alphanumerics 

—Punctuation 

—Special symbols 

—PRINT 

— Eight special functions 

—Locking ALL CAPS 

• Separate RESET, ATTN, and PAPER FEED keys 

• Extended keyboard has 15 additional keys; 10 numeric, dec- 
imal point and 4 cursor control keys 

• No active components ensures long life 

• Keyboard interface connector compatible with AIM 65/40 SBC 
or RM 65 Parallel Application connectors 




A65/40-0200 Standard Keyboard 




A65/40-0210 Extended Keyboard 



Document No. 29000D74 
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A65/40-0200, -0210 



AIM 65/40 Standard and Extended Keyboards 



FUNCTIONAL DESCRIPTION 

The AIM 65/40 Keyboard assembly Is a terminal-style alpha- 
numeric keyboard which interfaces to a host computer through 
a parallel interface. The keyboard contains 66 momentary con- 
tact single pole single throw (SPST) keys and one locking SPST 
key. 

The keyboard has a complement of 63 momentary contact keys 
in an 8 x 9 matrix; with nine positions unused. An ALL CAPS 
locking key is also in this matrix. To decode keys within the 
matrix, the AIM 65/40 software places a logic on one of the 
nine strobe lines of the matrix. By reading the eight return lines, 
any key(s) down on that strobe row can be distinguished. 
Repeating this process for each of the nine strobe rows gives 



an image of the entire keyboard matrix. Three momentary con- 
tact keys— RESET, ATTN, and PAPER FEED are outside of the 
keyboard matrix. 

All keyboard strobe and return lines are brought out to a 40-pin 
keyboard interface connector, which allows direct connection to 
an AIM 65/40 SBC or any RM 65 modules with the parallel 
peripheral connector. 

The added keys on the Extended Keyboard control 1 5 additional 
momentary contact SPST switches, which are included in the 
8x9 switch matrix. The 11 numeric and decimal switches are 
connected in parallel with their counterparts on the main key- 
board. The four cursor control switches are added positions in 
the matrix which are not included in the Standard Keyboard. 



KEYBOARD 

INTERFACE 

CONNECTOR 

(J1) 



RESET AND 
RETURN 

ATTENTION 
AND RETURN 

PAPER FEED 
AND RETURN 

MATRIX STROBES (9) 
MATRIX RETURNS (8) 



RESET 
KEY 



ATTN 
KEY 



MAIN KEYBOARD KEYS (57) 



PAPER FEED 



OTHERS 



^ 



<: 



56 



1 



FUNCTION KEYS 



1 

NUMERIC I 
KEYBOARD l 



I n I 

I I 

15 
I I 
I I 
I I 
I I 
I I 



i 



KEYBOARD SWITCH 
MATRIX 



► EXTENDED KEYBOARD ONLY 



Keyboard Functional Block Diagram 
Connector PI (System Interface) Pin Assignments 



Pin 


Signal 


Pin 


Signal 


40 


RE^ 


39 


NG 


38 


ATTN 


37 


GND(1) 


36 


MSB7 


35 


GND(1) 


34 


MSB6 


33 


GND (1) 


32 


MSB5 


31 


GND (1) 


30 


MSB4 


29 


GND(1) 


28 


MSB3 


27 


GND (1) 


26 


MSB2 


25 


GND(1) 


24 


MSB1 


23 


GND (1) 


22 


MSBO 


21 


GND (1) 


20 


MRT7 


19 


GND(1) 


18 


MRT6 


17 


GND(1) 


16 


MRT5 


15 


GND(1) 


14 


MRT4 


13 


GND (1) 


W , 


MRT3 


11 


GND (1) 


10 


MRT2 


9 


GND(1) 


8 


MRT1 


7 


reS ret 


6 


MRTO 


5 


ATTN RET 


4 
2 


MSB8 


3 
1 


RAPERFiEDRET 
NC 


PAPER FEEb 


Notes: 


(1) Odd-numbered pins 9 through 37 are connected together on the keyboard and should be connected to GND on the Interfacing equipment. 


(2) The pin number assignments are reversed from the AIM 66/40 SBC, to provide a one-to-one signal routing through a 40-conductor ribbon 


cable. 
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A65/40-0200, -0210 



AIM 65/40 Standard and Extended K^ybbairds 






: U 



. S IN PARINTHISES 

REFER TO PIN N. 

CONNECTOR Jl 



ig 












fcAPS 


■ ^ts 


(ltFT)[SH}F 
(RIGHT)|sHI 


t Mses 




J 1*1 

MS87 


r- 


r-^ 


[W> 


pi^ 


p^ 


rt 


F 




(3(1 


F 


Pi 


r^i 


h^ 


t 


(34) 
MS86 


rt 


[• 


rt 


rt 


ft 


■ [t\ 


it 


' rt 


MSB4 , 


r^j 


-X. 


r 


pi 


n"^ 


p j 


t 


rt 


MSB3 


K 


r 


p-- 


K 


'ft 


^ rt 


r^ 


' t 




H 


T^- 


K 


K 


rt 


[t 


p- 


rt 


SSI 
MS81 


f^- 


K 


K 


r 


rt 


' t 


t 


ft 


MS8D 


[■ 


F 


r^^ 


r- 


[t 


[1^ 


H 


t 



I, i 

lie I 



gf ie is 

u u ur 



NOTES: 

1. LEQENDS IN PARENTH^ES 
DO NOT APPEAR ON KEYCAPS 

2. NUMBERS IN PARENTHESES 
REFER TO PIN NUMBERS ON 
CONNECTOR Jl 



Standard 



ii 



SOi 



SiSi 



il 



Si 



Sl 



ir 



-i!l 



-11 



III 



III 



Iiii 



III 



i- 



ifi 



lU! 



HXi 



lUr 



hdi 



iiSl 



Extended 



ii 



J' 



J" 



Jl 



Keyboard Schematic 



SPECIFICATIONS 



Parameter 


Value 


Dimensions 

Width 

Length 

Height 


Standard Extended 

1 1.85 in. (301 mm) 15.35 in. (390 mm) 
5.25 in. (133 mm) 5.25 in. (133 mm) 
1.25 in. ( 32 mm) 1.25 in. (32 mm) 


Weight 


1 Ib.Soz. 1 lb. 12 0Z. 


Operating Temperature 
Storage Temperature 
Relative Humidity 


O^CtoSO'C 

-40'Cto55°C 

0% to 95% (without condensation) 


Interface Connector 


40-pin 3M #3495-1002, or equivalent, receptacle. Mates with 3M 
#341 8-OOOOT or equivalent ribbon cable connector. 
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A65/40-0200, -0210 



AIM 65/40 Standard and Extended Keyboards 




Zd"^ 



FR . 



Standard 




TOLERANCES 
.XX - ±.03 
.XXX - ±,010 



Extended 



Keyboard Dimensions 



D 
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A65/40-0400 

AIM 65/40 Microcomputer Family 




A65/40-0400 
AIM 65/40 40-CHARACTER DISPLAY 



OVERVIEW 

The A65/40-0400 40-Character Display is one of the hardware 
options available for the AIM 65/40 Microcomputer family. 

The 40-Character Alphanumeric Display is a free-standing 
subassembly consisting of a vacuum fluorescent display and a 
microprocessor based controller. With its integral controller, 
operation is completely automatic— including display refresh. 
Connecting to a host computer over parallel interface with Cen- 
tronics-compatible protocol, command and data iare transferred 
in a handshaking manner. 

The sealed vacuum fluorescent display includes 40 bright, crisp, 
16-segment digits. The blue-green characters are easily read- 
able In almost any working environment— from office to factory. 

Firmware functions In the controller augment basic communi- 
cation and display updating with a variety of editing functions 
and display enhancements to increase its usability. The full 40- 
characters, coupled with programmable eye-catching tech- 
niques, such as variable rate character blinking and auto-scrolling, 
allow meaningful and important messages to be displayed, 
detected and understood — in factory, office, laboratory and 
classroom applications. 

Installation in a wide variety of racks, cabinets, enclosures, and 
front panels is easy due to its straightforward construction and 
standard interface. The display can be connected directly to the 
Rockwell A65/40-1000 Single Board Computer (SBC), to Rock- 
well RM 65-1 OOOE SBC module or RM65-5222E GPIO and 
Timer module, or other compatible equipment, through an inter- 
connecting cable. 



FEATURES 

• Intelligent controller 

— Independent operation 
—Centronics type handshake interface 
—Separate character font/program ROM 

• 40-character display 
—Vacuum fluorescent 
—Easy-to-read 16-segment digits 
—Clear, bright blue-green color 
— Fast response 

—Long life 

• 196 characters 

—Upper case alphabetics with lower case notation 
—Numbers 
— Math symbols 
—Special characters 

• Variable display parameters 
—Auto-scroll rate 

— Character blinking 
— Character blink rate 
^^Cursor blink rate 

• Internal editing functions 
— 80-character line buffer 
—Insert/delete character 
— Rig ht/lef t cursor contro I 

— Transmit edited line to host 

• Display self-test 

• +5V operation 
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40-Character Display 



FUNCTIONAL DESCRIPTION 

The 40-Character Display contains a vacuum fluorescent dis- 
play, a microprocessor based controller, clock, a 2K-byte char- 
acter font/program ROM, character and segment drivers, and 
a DC/DC power converter. 

The vacuum fluorescent display is a single sealed unit con- 
taining 40 separately controllable digits. Each digit is composed 
of a 1 6-segment font which allows a full set of upper case alpha- 
betics, numerics, and special characters to be displayed. In the 
semi-graphics mode, the 1 6 segments of each digit are individ- 
ually controlled. In addition, each digit includes a separate dec- 
imal point. When energized, the digits form blue-green color 
characters. The unit comes with a smoked, neutral filter lens 
cover the display, but other custom lens filters can be used to 
change the display color to meet unique installation requirements. 

The display controller includes an R6504 CPU, RAM, I/O, timer, 
clock and reset circuitry. The 2K byte ROM contains both the 
CPU controller instructions and the individual character segment 
patterns. This ROM can be replaced by another PROM or ROM 



to provide a custom character set. The controller performs all 
communications interfacing, display refreshing, and control 
functions—enabling the display to operate independently from 
the host computer. 

All data and control commands are transmitted to the display 
over the Centronics-type parallel handshake interface. An internal 
buffer allows up to 80 characters to be received by the display; 
the display scrolls after the 40th character is received. There 
are character editing commands such as insert and delete, as 
well as transmit buffer, which sends an edited line back to the 
host computer. There are also display enhancement features 
such as auto-scroll which allows the display buffer to be contin- 
uously circulated, at a selected rate, and blinking characters. 

The two-post terminal block provides +5V for the controller and 
for the on-board DC/DC Converter, which generates the addi- 
tional voltages required by the fluorescent display. The +5V 
can, alternatively, be routed through the interface connector. 



Display Control Commands 



Hex 


Control 




Hex 


Control 




Code 


Character 


Description 


Code 


Character 


Description 


00 


CTRL® 


* 


10 


CTRLP 


Pass Through Next Character 


01 


CTRL A 


Clear Line 


11 


CTRLQ 


* 


02 


CTRLB 


Clear to End of Line 


12 


CTRLR 


* 


03 


CTRLC 


Clear Line 


13 


CTRLS 


Toggle Insert Character Mode 


04 


CTRLD 


Clear to End of Line 


14 


CTRLT 


Delete One Character 


05 


CTRLE 


Clear Line 


15 


CTRL U 


* 


06 


CTRL F 


Clear to End of Line 


16 


CTRLV 


* 


07 


CTRL G 


* 


17 


CTRL W 


Display Cursor 


08 


CTRL H 


Backspace {^) 


18 


CTRLX 


Blank Cursor 


09 


CTRL 1 


Horizontal Tab (^) 


19 


CTRLY 


Warm Reset 


OA 


CTRL J 


Warm Reset 


1A 


CTRLZ 


Cold Reset 


OB 


CTRLK 


Warm Reset 


IB 


CTRL[ 


Escape Command (ESC) 


00 


CTRLL 


Warm Reset 


1C 


CTRLN 


* 


OD 


CTRL M 


(Home on Line) 


ID 


CTRL] 


* 


OE 


CTRLN 


(Home on Line) 


IE 


CTRL A 


* 


OF 


CTRL 


Carriage Return (Home on Line) 


1F 


CTRL - 


* 


*Characters with no indicated f 


unction are acknowledged, but do not otherwise affect d 


isplay operation. 





D 
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DISPLAY 

INTERFACE 

CONNECTOR 

(Jl) 


40 CHARACTER 
FLUORESCENT DISPLAY 




(1 




fl 




CHARACTER 
DRIVERS 




SEGMENT 
DRIVERS 




A 




ft 




DATA (8) 




<r — ^ 


DISPLAY CONTROLLER 














CHARACTER 

FONT/ 

PROGRAM 

ROM 




STROBE 

ACK 

BU?Y 

RES 














POWER 

CONNECTOR 

(TBI) 

+5V O 
GND 












DC/DC 

POWER 

CONVERTER 























40-Character Display Block Diagram 
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Display Escape Commands 



Hex Code 


Chara(^ter Sequence 


Function 


1B41 


ESC A 


Auto-Scroll Display 


1B45. 


ESC E X y z 


Set Environment (1) 


IB 47 


ESCG 


Enter Graphics Mode 


1B49 


ESCI 


Select/Deselect Display (toggle) 


1B54 


ESCT 


Perform Self-Test 


1B58 4C 


ESC XL 


Transmit Line 


1 B 3D 


ESC - X y 


Position Cursor (2) 


1B57 


ESCW 


Set Window Position 


IB 58 


ESCX 


Transmit Display Line 


Notes: 




(1) Set Environment Sequence: 




Hex Code Character Sequence 


Function 


41 XX A (Attribute) 


Set Bit-7 Attributes 


42 YY ZZ B (On) (Off) 


Set Blinking Character Rate 


43 YY ZZ C (On) (Off) 


Set Blinking Cursor Rate 


52 XX R (Rate) 


Set Auto-Scroll Rate 


53 XX S (Character) 


Set the Cursor Character 


(2) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 



Connector J1 (Interface) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


+5V* 




Power 


2 


NC 


_ 


3 


NC 




_ 


4 


GND 


Power 


5 


NC 




— 


6 


GND 


Power 


7 


NC 




— 


8 


GND 


Power 


9 


NC 




— 


10 


GND 


Power 


11 


NC 




— 


12 


GND 


Power 


13 


BUSY 




TTL 


14 


GND 


Power 


15 


NG 




— 


16 


GND 


Power 


17 


RES 




NMOS 


18 


GND 


Power 


19 


STROBE 




NMOS 


20 


GND 


Power 


21 


DATA 7 




NMOS 


22 


GND 


Power 


23 


DATA 6 




NMOS 


24 


GND 


Power 


25 


DATA5 




NMOS 


26 


GND 


Power 


27 


DATA 4 




NMOS 


28 


GND 


Power 


29 


DATA 3 




NMOS 


30 


GND 


Power 


31 


DATA 2 




NMOS 


32 


GND 


Power 


33 


DATA 1 




NMOS 


34 


GND 


Power 


35 


DATA 




NMOS 


36 


NC 


— 


37 


NC 




— 


38 


NC 


— 


39 


ACK 





NMOS 


40 


+5V* 


Power 


Note: *+5V on pins 


1 and 40 can be disconnected by a jumper. 
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Data Transfer Timing Characteristics 



Symbol 


Parameter 


Min 


Typ 


IVIax 


Unit 


Tdsu 


Data Set-up Time 





_ 


. _ 


/u,S 


Tdh 


Data Hold Time 


25 


— 


— 


AiS 


Ts 


Strobe Pulse Width Time 


50 


— 


_ 


ns 


Tp 


Processing Time 


_ 


500 


_ 


ixs 


Ta 


Acknowledge Width 


— 


5 


— 


/^s 


TsB 


Strobe-to-Busy Time 


— 


14 


25 


ns 


Tab 


Acknowledge-to-Busy Time 


— 


20 


40 


ns 


Note:tr, tf = 10to 30 ns 



DATA 



3< 



X 



■ DSU - 



STROBE 



v. 



-^DH— i 



ACK 










1 




BUSY 


1 






T.. 








'SB 



-( >- 



-f f- 



■i «- 



'^ 



-<> h 



Data Transfer Waveforms 
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SPECIFICATIONS 



Parameter 


Vaiue 


Dimensions 

Width 

Height* 

Depth* 


11.85in. (301 mm) 
3.6 in. (91 mm) 
1.5 in. (38 mm) 


Weight 


8 02. 


Digit Dimensions 

Height 
Width 


0.24 in. (6 mm) 
0.12 in. (3 mm) 


Power Requirements 


+5V +5% Regulated, 0.8A (typical), 1.0A (max.) 


Operating Temperature 
Storage Temperature 
Relative Humidity 


O^'C to 50°C 

-55°C to +80°C 

0% to 95% (without condensation) 


Interface Connector 
Power Connector 


40-pin 31^ #3495-1002, or equivalent, connector. Mates with 3I\/I 
#3418-0000T. or equivalent, ribbon cable connector. 

Two-post terminal block 


Note: *Dimensions do not include mounting brackets. | 



NMOS Interface (Input Voltage = +5.0V, TA = 25**C) 



Symbol 


Parameter 


Min 


Max 


UnH 


V.H 


Input High Voltage 


2.4 


5.0 


V 


V,L 


input Low Voltage 


-0.3 


+0.4 


V 


l|H 


Input High Current 
(V,H=2.4V) 


-100 


-300 


A.A 


l|L 


Input Low Current 
(V,L = 0.4A) 


-1.0 


-1.6 


mA 


VOH 


Output High Voltage 
(Iload^ -100A) 


2.4 


5.0 


V 


Vol 


Output Low Voltage 
('load ^ -3 mA) 


— 


0.4 


V 


Iqh 


Output High Current (Sourcing) 
(Voh ^ 2.4V) 


-100 


— 


^tA 


Iql 


Output Low Current (Sinking) 
(Vol ^ 0.4V) 


1.6 


— . 


mA 



D 
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A65/40-0600 
AIM 65/40 GRAPHICS PRINTER 



OVERVIEW 

The A65/40-0600 Graphics Printer is one of the hardware optbns 
available for the AIM 65/40 Microcomputer Family. 

The Graphics Printer is a microprocessor-controlled dot matrix 
thermal printer, with a 4K byte character font/program ROM, 
and a paper feed switch. In the test mode, up to 40 characters 
can be printed using 7 x 8 dot matrix characters. In the graphics 
mode, all 280 horizontal dot positions on a row are individually 
controlled, and any number of rows may be printed. 

The printer mechanism includes a thermal head, platen, motor, 
drive linkage and associated wiring. There are 40 thermal ele- 
ments on the thermal head, each of which spans seven dot 
fields. Each element is a discrete point which rides against heat 
sensitive paper. During a print cycle, the thermal head moves 
horizontally across the paper. Control logic turns on the thermal 
head drivers to heat the sensitized paper when a dot is to be 
printed. When an entire row of dots has been printed, the printer 
motor advances the platen by one horizontal row of dots. 

The printer controller includes an R6504 CPU, RAM, I/O, timer, 
clock and reset circuitry. The 4K byte ROM contains both the 
CPU instructions and the individual character bit patterns. The 
ROM is socketed, and can be replaced by a user-supplied 
PROM or ROM, to provide a custom character set. The con- 




A65/40-0600 Graphics Printer 



troller performs printer motor and thermal head timing and con- 
trol functions, to enable the printer to operate independently 
from the host conrjputer. Further, the controller handles the com- 
munications interface, and processes the commands and data 
to be printed. 

Data and control commands are transmitted to the printer over 
the Centronics type parallel handshake interface. An internal 
buffer accepts up to 80 characters for printing. The controller 
automatically prints the first 40 characters in the text mode or 
after receiving each row of 280 dots In the graphics mode. The 
paper can also be advanced with a paper feed command, or 
manually, using the paper feed switch. 

A three-post terminal block connects to +5V, +24V and GND. 
The +5V supplies the control circuitry while the +24V powers 
the motor and thermal head drivers. On-board potentiometers 
allow motor speed and dot print Intensity to be manually adjusted. 



FEATURES 

• Intelligent controller 
—Independent operation 
—User command flexibility 

— Centronics type handshake interface 
—Separate character font/program ROM 

• 40-column text/semi-graphics 
—256 character set 

—Upper and lower case alphabetics 
—Numbers including superscripts and subscripts 
—Math symbols 
—European and Greek characters 

• Full graphics capability 
— 280dotxn 
—Individual dot control 

—Print complex wave forms and digitized photographs 

• Fast— 240 lines per minute 

• Quiet, thermal operation 

• User alterable dot timing 

• Printer self-test 

• Requires only +5V and +24V 
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Printer Control Commands 



Hex 






Hex 






Code 


Character 


Description 


Code 


Ciiaracter 


Description 


00 


CTRL® 


* 


10 


CTRL P 


Pass Through Next Character 


01 


CTRL A 


Clear Line 


11 


CTRLQ 


* 


02 


CTRLB 


Clear to End of Line 


12 


CTRL R 


* 


03 


CTRL G 


Clear Line 


13 


CTRLS 


Toggle Insert Character Mode 


04 


CTRLD 


Clear to End of Line 


14 


CTRL T 


Delete One Character 


05 


CTRLE 


Clear Line 


15 


CTRLU 


* 


06 


CTRLF 


Clear to End of Line 


16 


CTRLV 


* 


07 


CTRL G 


*,,•■.■■•:. 


17 


CTRL W 


Turn Cursor On 


08 


CTRL H 


Backspace {^) 


18 


CTRL X 


Turn Cursor Off 


09 


CTRL 1 


Horizontal Tab H) 


19 


CTRLY 


Cold Reset 


OA 


CTRL J 


Line Feed (i) 


1A 


CTRL Z 


Warm Reset 


OB 


CTRLK 


Line Feed (i) 


IB 


CTRL [ 


Escape Command (ESC) 


OC 


CTRLL 


Form Feed 


1C 


CTRL / 


Print Buffer Without Clear 


OD 


CTRLM 


(Home on Line) 


IP 


CTRL] 


Print Display Image (Window) 


OE 


CTRLN 


(Home on Line) 


IE 


CTRL A 


Paper Feed 


OF 


CTRL 


Carriage Return (Home on Line) 


IF 


CTRL — 


■ * 


Note: *Th€ 


se characters are 


acknowledged, but do not otherwise affect printer operation. 





Printer Escape Commands 



Hex Code 


Character Sequence 


Function 


IB 3D 
IB 45 
IB 47 
1B53 
IB 54 


ESC = y X 
ESC E X 
ESC G 
ESC S 
ESCT 


Position Cursor (1) 
Set Environment (2) 
Enter Graphics Mode 
Transmit Character Definition 
Perform Self-Test 


Notes: 

(1) The Position Cursor sequence re 

(2) Set Environment Sequence: 

Hex Code 

41 XX 
47 XX 
50 XX 
54 XX 


>quires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 

CKiaracter Sequence Function 

A (Attribute) Set Bit 7 Attributes 
G (Length) Set Gap Between Pages 
P (Length) Set Page Length 
T (Time) Set Dot Print Time 
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Data Transfer Timing 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Tdsu 


Data Set-up Time 








— 


fJLS 


Tdh 


Data Hold Time 


25 


— 


— 


IXS 


Ts 


Strobe Pulse Width Time 


50 


— 


— 


ns 


Tp 


Processing Time (non-printing) 


0.13 


0.15 


12 


ms 


Tp 


Processing Time (printing) 


0.25 


— 


0.5 


S 


Ta 


Acknowledge Pulse Width Time 


— 


5 


— 


/xS 


TSB 


Strobe-to-Busy Time 


— 


14 


25 


ns 


Tab 


Acknowledge-to-Busy Time 


— 


20 


40 


ns 


Note:tptf = 10 to 30 ns 



DATA 




, 1 1. , . : -, 








\/ 






-Tds 






m ■>■_.. 








_J 






( ( 




STROBE 
ACK 
BUSY 




\ 


^ 


/ 

-Ts 


( < 










1 








M "•"_ 


n ^ 


\ 


1 
1 




- ■;, r 


'' ■ " ^' ■' ■ (" (■ 




A 


i 


/ 




\ 










1 


SB 
















AB 








Data Transfer Waveforms 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions 

Width 

Length 

Height 


7.6 in. (193 mm) 
6.3 in. (160 mm) 
3.0 in. (77 mm) 


Weight 


1.0 1b. (0.45 kg) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Gto50°C 

0° to 70°C 

0% to 85% (without condensation) 


Power Requirements 


+5V ±5% Regulated, 0.3A (typical); 0.4A (max.); 0.4 (peak) 

+24V (+3.6V, -2.6V) Unregulated, 2.5A (typical); 4.0A (max.); 6.3* (peak) 


Interface Connector 
Power Connector 


40-pin 3M#3495-1002, or equivalent, receptacle. Mates with 3M 
#341 8-OOOOT, or equivalent, ribbon cable connector. 

3-post terminal block 


Note: *+24V peal< current specified as worst case with printer duty cycle of 75%. For most cases, a +24V 4A power supply is sufficient. 





Connector J4 (System Interface) Pin Assignments 






Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1* 


+5V 




Power 


2 


NC 


— 


3 


NC 




_ 


4 


GND 


Power 


5 


NC 




— 


6 


GND 


Power 


7 


NC 




— 


8 


GND 


Power 


9 


NC 




^ 


10 


GND 


Power 


11 


NC 




— 


12 


GND 


Power 


13 


BUSY 




TTL 


14 


GND 


Power 


15 


PAPER FEED 




— 


16 


GND 


Power 


17 


RES 




TTL 


18 


GND 


Power 


19 


STROBE 




TTL 


20 


GND 


Power 


21 


Data 7 




NMOS 


22 


GND 


Power 


23 


Data 6 




NMOS 


24 


GND 


Power 


25 


Data 5 




NMOS 


26 


GND 


Power 


27 


Data 4 




NMOS 


28 


GND 


Power 


29 


Data 3 




NMOS 


30 


GND 


Power 


31 


Data 2 




NMOS 


32 


GND 


Power 


33 


Data 1 




NMOS 


34 


GND 


Power 


35 


DataO 




NMOS 


36 


GND 


Power 


37 


NC 




— 


38 


GND 


Power 


39 


ACK 





NMOS 


40* 


+5V 


Power 


Note: *Power on pin 


1 and 40 can be disconnected from this connector with on-board jun^ 


pers. 
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NMOS Interface Onput Voltage = +5.0V, TA = 25°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


V,H 


Input High Voltage 


2.4 


5.0 


V 


V,L 


Input Low Voltage 


-0.3 


+0.4 


V 


llH 


Input High Current 
(V,H=2.4V) 


-100 


-300 


M 


IlL 


Input Low Current 
(V,L = 0.4A) 


-1.0 


-1.6 


mA 


VOH 


Output High Voltage 
(Iload « -100A) 


2.4 


5.0 


V 


Vol 


Output Low Voltage 
('load ^ -3 mA) 


— 


0.4 


V 


loH 


Output High Current (Sourcing) 
(VoH^2.4V) 


-100 


— 


/xA 


loL 


Output Low Current (Sinking) 
(Vol ^ 0.4V) 


1.6 


— 


mA 



RRM 


nk' 






























RQ^?= 


C2HE 




























TEST 


Ci 


jyNT= 


= 80 
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AIM 65/40-0800 

VIDEO DISPLAY CONTROLLER 

(VDC) MODULE 



OVERVIEW 

the A65/40-0800 Video Display Controller (VDC) mpdule inter- 
faces the A65/40-1 000 Rockwell AIM 65/40 Single Board Com- 
puter, RM65-1 000 Single Board Computer or RM65-5223 Multi- 
Function Peripheral Interface module, or any other host com- 
puter with an industry compatible Centronics-type parallel inter- 
face, to a CRT monitor or TV receiver. The VDC module outputs 
an NTSC compatible composite video on one connector and 
separate HSYNC, VSYNC and VIDEO signals at TTL levels on 
another connector for convenient CRT interfacing. 

With its integral microcomputer controller, built-in commands 
provide selectable and programmable screen formatting, flex- 
ible text handling and editing, and full graphics drawing and data 
display functions. These CRT-oriented functions extend the use 
of the AIM 65/40 microcomputer into new man-machine appli- 
cations in the factory, office, laboratory and classroom. 

In the text mode, preprogrammed formats of 80 characters x 
24 lines or 40 characters x 24 lines are selectable. Other for- 
mats are user programmable. Eight pages of text are available 
(in the 80 x 24 format) with automatic page sizing for other for- 
mats. The 4K-byte character generator ROM contains bit pat- 
terns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, common European letters, and semigraphic 
characters. 

The full graphics mode incorporates bit mapping of 280 x 224 
pixels, which is compatible with the Rockwell AIM 65/40 Graphics 
Printer (A65/40-0600). Line drawing commands move a pen 
and draw or erase lines using either relative or absolute position 
reference. Data byte capability allows individual dots to be con- 
trolled using a 40 bytes per dot line format (seven dots per 
byte). In addition, the entire screen display data can be trans- 
mitted to the host computer. 




FEATURES 

• independent Intelligent Controller 
—6502 CPU Based 

—Centronics-type Parallel Handshake Interface 
—4K-byte Program ROM 
—4K-byte Character ROM 
— 16K-bytes of Refresh RAM 

• Flexible Text Mode Operation 
—Selectable 80 or 40 Columns x 24 Lines 
— Other Screen Formats Programmable 

— Multiple Text Pages 

— Cursor Movement and Positioning 
—Character and Line Editing 
—Line, Page, and Buffer Control 
—Inverse Video on a Character Basis 

• 256 Character ROM 

— Upper- and Lower-case Alphabetics 
—Numerals Including Subscripts and Superscripts 
—Math Symbols 

—European and Greek Letters 
— Semigraphic Symbols 

• Full Graphics Mode 

—280 X 224 Pixels Resolution 
—Line Drawing Functions 
—Individual Bit Map Control 
— Transmit Screen to Host 

• Two Video Output Formats 

—Separate VIDEO, HSYNC and VSYNC TTL Signals 
—NTSC or European Compatible Composite VIDEO Signal 

• Self-Test 

• +5V Operation 



D 



SELF-TEST 

A self-test function tests the microcomputer RAM, calculates and 
displays the program ROM check-sum, and displays all the 
characters generated by the Character Generator ROM. 



A65/40-0800 VDC Module 



Document No. 29000D86 



8-49 



Data Sheet Order No. P86 
Rev. 1, August 1983 



A65/40-0800 



AIM 65/40 VDC Module 



FUNCTIONAL DESCRIPTION 

The A65/40-0800 VDC module consists of four major sections: 

• Microcomputer Section 

• CRT Section 

• Oscillator 

• DC/DC Power Converter 

The microcomputer section consists of a R6502 Central Pro- 
cessing Unit (CPU), R6532 RAM, Input/Output and Timer (RIOT), 
a 4K-byte R2332 program ROM, address decoder, reset tinier 
and associated support circuitry. The CPU also has major inter- 
faces with the R6545-1 CRT Controller (CRTC) and the refresh 
RAM (through address multiplexers) in the CRT section. Internal 
data, address and control bus lines interconnect these devices 
within the VDC module. 

The CPU controls the transfer of data received from the host 
computer on data lines D0-D7 through the RIOT onto internal 
data bus lines. If the data is a command, the CPU performs the 
associated processing and sends appropriate commands to the 
R6545-1 CRTC. Display data is passed from the CPU onto the 
refresh RAM for subsequent display as text or graphics. 

The 4K-byte Program ROM contains the CPU program instruc- 
tions which implement the control and escape commands. This 
ROM can be replaced with a compatible 4K- or 8K-byte PROM/ 
ROM device for custom applications. 

The R6532 RIOT supplies the RAM and I/O required for CPU 
control. Eight of the 16 I/O p ort lines in terfa ce the data I/O lines 
while two lines service the STROBE and ACK signals at the 
connector J1 interface. Five other lines (80/40 characters/line, 
normal/inverse video, display mode, blanking and DISPLAY 
ENABLE) interface with the CRT section. 

The CRT section consists of the R6545-1 CRTC and other logic 
to generate, combine and output the video signal. The R6545- 
1 CRTC provides the interface between the CPU and the rest 
of the CRT section. The CRTC generates refresh RAM addresses 
and character generator row addresses to allow text or graphics 
data to be accessed from the refresh RAM for converting to 
video format. 

The CRTC operation is controlled by the contents of 16 internal 
registers which specify such screen format characteristics as 
the number of total and displayed horizontal characters, hori- 
zontal sync position, VSYNCand HSYNC pulse widths, number 
of total and displayed vertical rOws, and the number of scan 
lines per character. In addition, the cursor position address and 
the display start address In the refresh RAM are programmable 
as are the cursor character start and stop scan lines. 



Eight 4116 16K X 1 dynamic RAM devices comprise the 16K- 
byte refresh RAM. This RAM is accessed by both the CPU and 
the CRTC through address multiplexers. Separate address lines 
from the CPU and from the CRTC are connected to the multi- 
plexers which in turn output the RAM address lines to access 
the refresh RAM. An additional 16K x 1 RAM device stores the 
normal/ inverse status for each text character. 

During the display trace, the CRT addresses the refresh RAM 
to output the text characters or graphics data on the RAM data 
output lines. DATA is retrieved from the RAM at the 1.714 MHz 
clock rate during 80 column text mode and at 0.857 MHz in the 
40 column text mode and in the graphics mode. The data from 
the RAM is latched for text or graphics output. 

In the text mode, the ASCII character codes on the latched 
refresh RAM data output lines form the character address to the 
character generator ROM. During text display, the bit patterns 
corresponding the ASCII characters are output on ROM data 
lines to the text parallel-to-serial converter which then shifts the 
data out serially to the video combining circuit. 

In the graphics mode, each byte in the refresh RAM contains 
a dot pattern rather than a character ASCII code. The bit pat- 
terns on the latched refresh RAM output data are loaded directly 
into the graphics parallel-to-serial converter which then shifts 
the data out serially to the video combining circuit. 

The selected text or graphics serial data is combined with the 
CURSOR signal, the BLANK signal and the character INVERSE 
signal. 

This merged video signal is then converted to TTL level and 
routed to connector J3 as the separate video signal. The VSYNC 
and HSYNC outputs from the CRTC are routed through drivers 
to the same connector. 

The driven VSYNC and HSYNC signals are nor'ed to produce 
the combined SYNC signal. The SYNC signal is then combined 
with the merged video signal, converted to NTSC format and 
routed to connector J2 as the composite video signal. Trimmer 
potentiometers allow adjustment of the contrast and brightness 
levels. 

The VDC module operates on +5V provided either from the host 
computer through connector J1 or from a terminal block (TBI) 
connection. +12V and -5V are generated on-board by a DC/ 
DC power converter. Optional connections on TBI also allow 
+ 1 2V and -5 V to be provided externally. 
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AIM 65/40 VDC Module 



SPECIFICATIONS 



Parameter 


Value 


Outside Dimensions 

Widtii 
Height* 
Depth* 

Component Height 
Lead Protrusion 


11.85 in. (301 mm) 
4.9 in. (124 mm) 
0.6 in. (14 mm) 
0.4 in. (10 mm) 
0.1 in. (2.5 mm) 


Weiglit 


9.5 oz. (270 g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-55°C to +85°C 

0% to 85% (without condensation) 


Power Requirements 

Internally Generated +12V and -5V 
Externally Supplied +12V and -5V 


+5V ±5% Regulated— 0.85 A (typical); 1.5A (max.) 
+5V ±5% Regulated— 0.5 A (typical); 1.2A (max.) 
+ 12V ±5% Regulated— 200 mA (typical); 315 mA (max.) 
-5V ±5% Regulated— 1.4 m A (typical); 1.8 mA (max.) 


Interface Connection 

Host Computer 

Separate Video 
Composite Video 
Power Connector 


40-pin 3M #3495-1002, or equivalent, connector. Mates with 3M #3417-6040. 

or equivalent, ribbon cable connector 

6-pin right angle connector. Mates with AMP 87159-6, or equivalent, connector 

(supplied with module) 

Single conductor screw-on right angle coaxial connector. Mates with Sealectro 

50-024-0000, or equivalent, connector (supplied with module) 

Four-post terminal block (+5V, +12V, -5V, and GND) 


Note: *Dimensions do not include mounting brackets. 



NIVIOS Interface (Input Voltage = +5.0V, TA = 25X) 



Symbol 


Parameter 


Min 


Max 


Unit 


V,H 


Input High Voltage 


2.4 


5.0 


V 


V,L 


Input Low Voltage 


-0.3 


+0.4 


V 


l|H 


Input High Current 
(V,H = 2.4V) 


100 


300 


/xA 


IlL 


Input Low Current 
(V,L = 0.4V) 


-1.0 


-1.6 


mA 


VoH 


Output High Voltage 










(1 LOAD ^ -100 M) 


2.4 


5.0 


V 




(1 LOAD ^ -3 mA) 


1.5 


5.0 


V 


Vol 


Output Low Voltage 
(1 LOAD ^ 1 .6 mA) 





0.4 


V 


loH 


Output High Current (Sourcing) 
(VoH^.2.4V) 


-100 


-1000 


mA 


loL 


Output Low Current (Sinking) 
(Vol ^ 0.4V) 


1.6 




mA 
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Connector J1 (Interface) Pin Assignments 






Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Power 


1 


+5V* 




Power 


2 


NC 


— 


3 


NC 




— 


4 


GND 


Power 


5 


NC 




— 


6 


GND 


Power 


7 


NC 




— 


8 


GND 


Power 


9 


NC 




— 


10 


GND 


Power 


11 


NC 




— 


12 


GND 


Power 


13 


BUSY 





TTL 


14 


GND 


Power 


15 


NC 




— 


16 


GND 


Power 


17 


RES 


1 


NMOS 


18 


GND 


Power 


19 


STROBE 


1 


TTL 


20 


GND 


Power 


21 


DATA 7 


I/O 


NMOS 


22 


GND 


Power 


23 


DATA 6 


I/O 


NMOS 


24 


GND 


Power 


25 


DATA 5 


I/O 


NMOS 


26 


GND 


Power 


27 


DATA 4 


I/O 


NMOS 


28 


GND 


Power 


29 


DATA 3 


I/O 


NMOS 


30 


GND 


Power 


31 


DATA 2 


I/O 


NMOS 


32 


GND 


Power 


33 


DATA 1 


I/O 


NMOS 


34 


GND 


Power 


35 


DATA 


I/O 


NMOS 


36 


NC 


" ,^" 


37 


NC 




— 


38 


NC 


. : .— ' , , 


39 


ACK 





NMOS 


40 


+5V* 


Power 


Note: *+5V on pins 1 and 40 can be disconnected by a jumper. 



Connector J2 (Composite Video) Pin Assignments 



Connector J3 (Separate Video) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Center 
Shield 


Composite Video 
GND 





NTSC 



Pin 


Signal 


I/O 


Type 


1 


Video 





TTL 


2 


GND 


— 


■__ 


3 


VSYNC 





TTL 


4 


GND 


— 


— 


5 


HSYNC 





TTL 


6 


GND 


— 


— 



Data Transfer Timing Characteristics 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Tdsu 


Data Set-Up Time 





— 


— 


jxS 


Tdh 


Data Hold Time 


25 


— 


— 


MS 


Ts 


Strobe Pulse Widtli Time 


50 


— 


— 


ns 


Tp 


Processing Time 


0.1 


— 


500 


ms 


Ta 


Acknowledge Width 


— 


5 


— 


^s 


TsB 


Strobe-to-Busy Time 


— 


14 


25 


ns 


Tab 


Acknowledge-to-Busy Time 


— 


20 


40 


ns 


Note:tr, If = 10to30ns 



D 




Data Transfer Waveforms 
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Video Display Control Commands 



Hex 


Control 




Hex 


Control 




Code 


Character 


Description 


Cod^ 


Character 


Description 


00 


CTRL® 


* 


10 


CTRL P 


Pass Through Next Character 


01 


CTRL A 


Clear Line 


11 


CTRLQ 


Next Page 


02 


CTRLB 


Clear to End of Line 


12 


CTRLR 


Previous Page 


03 


CTRL C 


Clear Page 


13 


CTRLS 


Toggle Insert Character Mode 


04 


CTRLD 


Clear to End of Page 


14 


CTRLT 


Delete One Character 


05 


CTRLE 


Clear Buffer 


15 


CTRL U 


Insert One Line 


06 


CTRLF 


Clear to End of Buffer 


16 


CTRL V 


Delete One Line 


07 


CTRLG 


* 


17 


CTRL W 


Display Cursor 


08 


CTRLH 


Cursor Left (Backspace) 


18 


CTRLX 


Blank Cursor 


09 


CTRLI 


Cursor Right (Horizontal Tab) 


19 


CTRL Y 


Cold Reset 


OA 


; CTRL J 


Cursor Down (Line Feed) 


1A 


CTRL Z 


Warm Reset 


OB 


CTRLK 


Cursor Up (Vertical Tab) 


IB 


CTRL [ 


Escape Command (ESC) 


oc 


CTRL L 


Next Page (Form Feed) 


1C 


CTRLX 


Cursor Down (Line Feed) 


OD 


CTRL M 


Home on Line (Carriage Return) 


ID 


CTRL] 


Home Cursor on Last Line 


OE 


CTRL N 


Home on Page 


IE 


CTRL A 


Cursor Up (Vertical Tab) 


OF 


CTRL 


Home on Buffer 


IF 


CTRL - 


* 


Note: * 


Characters with no indicated function are acknowledged, but do not otherwise affect display operation. | 





Video Display Escape Commands 




Hex Code 


Character Sequence 


Function 


IB 3D 


ESC = YX 


Position Cursor 


1B45 


ESCEXYZ 


Set Environment 


IB 45 44 XX 


ESC E D (Character) 


Set Blanking Character 


IB 45 45 XX YY 


ESC E E (Register) (Value) 


Set CRTG Register 


IB 45 4D XX 


ESC E M (Mode) 


Set Display Mode 


IB 47 


ESCG 


Enter Graphics Mode 


IB 49 


ESCI 


Select/Deselect Display 


1B4C42 


ESC LB 


Lock Buffer Bottom 


1B4C54 


ESCLT 


Lock Buffer Top 


IB 52 


ESC R 


Toggle Reverse Video 


IB 54 


ESC T 


Perform Self Test 


IB 55 42 


ESC UB 


Unlock Buffer Bottom 


IB 55 54 


ESCUT 


Unlock Buffer Top 


1B58 4C 


ESC XL 


Transmit Line 


IB 58 50 


ESCXP 


Transmit Page 


IB 58 42 


ESC X B 


Transmit Buffer 



Video Display Graphics Commands 



Control Character 


ASCII Code 


Function 


CTRL A 


01 


Move Absolute 


CTRLC 


03 


Draw Absolute 


CTRLE 


05 


Erase Ablolute 


CTRLG 


07 


Move Relative 


CTRLI 


09 


Draw Relative 


CTRLK 


OB 


Erase Relative 


CTRLM 


OD 


Clear Screen 


CTRLO 


OF 


Home Pen 


CTRLQ 


11 


Dump Graphics Buffer 


CTRL S 


13 


Position Byte Cursor 


CTRL U 


15 


Exit Graphics 


CTRLW 


17 


Send Graphics Byte 


CTRLY 


19 


* 


CTRL[ 


IB 


* 


CTRL] 


ID 


* 


CTRL_ 


IF 


* 


Note: *Characters with no indicated function are acknowledged but do not otherwise affect the display. 
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A65/40-7010 

AIM 65/40 Microcomputer Family 




A65/40-7010 
AIM 65/40 ASSEMBLER ROM 



ASSEMBLY LANGUAGE 

An assembler translates microprocessor instructions and data 
statements written in symbolic form (the source program) into 
machine executable code (the object program). The AIM 65/40 
Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an operand (if required) 
and arithmetic operator (if required) into a machine instruction 
consisting of from one to three bytes of memory. Constants 
comprising one or more bytes of memory are generated from 
data statements while one or more bytes of memory are assigned 
to variables. The assembler operates in two passes. Pass 1 
checks for syntax errors and assigns values to symbols in a 
symbol table. Pass 2 generates the actual machine code and 
outputs the assembly listing which lists the source code and the 
corresponding machine code. 

The source code, is usually entered and edited using the AIM 
65/40 Text Editor then assembled to generate the machine code 
for program execution and debugging. Program changes to the 
source program can easily be edited then the program reas- 
sembled to generate the new machine code thus eliminating the 
need for the programmer to code and recede the program in 
machine code — a time consuming and laborious process. 

PRODUCT OVERVIEW 

The AIM 65/40 Assembler is a 4K-byte ROM-resident, two-pass 
symbolic assembler that plugs into socket Z64 on the AIM 
65/40 Microcomputer Single Board Computer (SBC) module 
and operates in conjunction with the AIM 65/40 I/O ROM and 
the AIM 65/40 Debug Monitor/Text Editor ROMs. The assembler 
translates computer program instructions written in standard 
assembly language for the 6502 microprocessor into machine 
code that will operate in any 6502 or 65XX CPU. Operating 
options are selected interactively by the operator upon assembly 
command. These options specify source code device, object 
code device, symbol table location, full assembly or errors only 
output listing and output listing device. A repeat command 
invokes the assembly according to previously commanded 
options for rapid setup during program debugging, editing and 
reassembly. Memory to memory assembly is supported to speed 
program generation. Compatibility with the RM 65 Floppy Disk 
Controller (FDC) module (RM65-5101NE) and AIM 65/40 DOS 
1.0 (A65/40-7090) and AIM 65/40 BOOS 1.0 (A65/40-7092) 
allows source code to be input from one or more files on a floppy 
disk and object code to be output to a floppy disk file to assemble 
very large programs and to permanently save source and object 
code. 



FEATURES 

• AIM 65/40 Microcomputer host 

• 6502 machine code generation 

• ROM-resident for immediate operation 

• Symbolic linkage — operands and labels 

• Interactive assembler operation setup 

• Operator selected input device 
—Memory (text buffer in RAM) 
— Floppy disk 

— Audio tape 

— Serial 

— User defined (interactive and non-interactive) 

• Operator selected object code output device 
— Memory (RAM) 

—Floppy disk 

—Audio tape 

—Serial 

— User-defined (interactive and non-interactive) 

— Display/printer 

— Printer 

• Operator selected assembly/error listing output device 
—Display/printer 

— Printer 
— Serial 
— User-defined (interactive and non-interactive) 

• Assembler directives 

• AIM 65/40 DOS 1.0 and BDOS 1.0 compatible 

MEMORY MAP 



Address (Hex) 


Contents 


$9000-$9FFF 
$0-$D6 


Assembler Program 
Assembler Variables 



ORDERING INFORMATION 



Part No. 


Description 


A65/40-7010 


AIM 65/40 Assembler ROM 


Order No. 


Description 


297 


AIM 65/40 Assembler User's Manual*^' 


Note: 

(1) Included with A65/40-7010. 
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A65/40-7010 



AIM 65/40 Assembler ROM 



R6502 CPU INSTRUCTIONS 





Instruction 


Mnemonic 


instruction 


ADC 


Add Memory to Accumulator with Carry 


LDA 


Load Accumulator with Memory 


AND 


AND Memory with Accumulator 


LDX 


Load Index X with Memory 


ASL 


Shift Left One Bit (Memory or Accumulator) 


LDY 


Load Index Y with Memory 


BCC 


Branch on Carry Clear 


LSR 


Shift Right One Bit (Memory or Accumulator) 


BCS 


Branch on Carry Set 


NOP 


No Operation 


BEQ 

BIT 


Branch on Result Zero 

Test Bits in Memory with Accumulator 


ORA 


OR Memory with Accumulator 


BMI 


Branch on Result Minus 


PHA 


Push Accumulator on Stack 


6NE 


Branch on Result Not Zero 


PHP 


Push Processor Status on Stack 


BPL 


Branch on Result Plus 


PLA 


Pull Accumulator from Stack 


BRK 


Force Break 


PLP 


Pull Processor Status from Stack 


BVC 
BVS 


Branch on Overflow Clear 
Branch on Overflow Set 


ROL 
ROR 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 


CLC 


Clear Carry Flag 


RTI 


Return from Interrupt 


CLD 


Clear Decimal Mode 


RTS 


Return from Subroutine 


CLI 
CLV 
CMP 


Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 


SBC 
SEC 
SED 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 
Set Decimal Mode 


CPX 
CPY 


Compare Memory and Index X 
Compare Memory and Index Y 


SEI 
STA 


Set Interrupt Disable Status 
Store Accumulator in Memory 


DEC 


Decrement Memory by One 


STX 


Store Index X in Memory 


DEX 


Decrement Index X by One 


STY 


Store Index Y in Memory 


DEY 


Decrement Index Y by One 


TAX 


Transfer Accumulator to Index X 


EOR 


Exclusive-OR Memory with Accumulator 


TAY 


Transfer Accumulator to Index Y 






TSX 


Transfer Stack Pointer to Index X 


INC 


Increment Memory by One 


TXA 


Transfer Index X to Accumulator 


INX 


Increment Index X by One 


TXS 


Transfer Index X to Stack Pointer 


INY 


Increment Index Y by One 


TYA 


Transfer Index Y to Accumulator 


JMP 


Jump to New Location 






JSR 


Jump to New Location Saving Return Address 







AIM 65/40 ASSEMBLER DIRECTIVES 



Command 


Functfon 


Command 


Function 


= 


Equate 


.OPT 


Listing control option 


.BYTE 


Byte constant 


LIS/NOL 


Assembly listing generation 


.WORD 


Word constant 


GEN/NOG 


Object code question 


.DBYTE 


Double-byte constant 


ERR/NOE 


Error listing generation 


.PAG 


Page heading 


.FILE 


Source code file linkage 


.SKIP 


Skipllne(s) 


.END 


Last statement/first source code file linkage 
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A65/40-7012 

AIM 65/40 MACRO ASSEMBLER 

& LINKING LOADER 



DESCRIPTION 

The AIM 65/40 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or relocatable object code and links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the AIM 65/40 Microcomputer 
and generates code for execution by any central processing unit 
(CPU) in the Rockwell R6500 NMOS microprocessor, R6500/* 
NMOS one-chip microcomputer and R65C00 CMOS micropro- 
cessor device families. 

MACROASSEMBLER 

The macro assembler translates CPU instructions and data 
statements written In symbolic form (the source program), into 
absolute or relocatable code. Instructions, consisting of a label 
(if included), a mnemonic operation code, an operand (if required) 
and an arithmetic operator (If included), are assembled one-at- 
a-time into one- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 
one or more bytes of memory are generated from data state- 
ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions, 
to be pre-defined for in-line code inclusion by specifying only 
the macro name. Conditional assembly allows portions of 
instruction sequences or macros to be included in (or excluded 
from) in-line code. The combination of the macro and conditional 
assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and 
increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
specified control parameters. 

LINKING LOADER 

The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
manageable size modules and integrated by the linking process. 
This also allows program changes to be made to one module 
without affecting any of the other modules— a key requirement 
in many program validation and certification procedures. 

Small programs can still be assembled into absolute executable 
code without using the linking loader, however, to simplify 
development. 

The assembler/loader operates in conjunction with the AIM 65/40 
BDOS 1.0 Upgrade Kit (A65/40-7092). 



MACRO ASSEMBLER FEATURES 

• Supports three CPU families 

— R6500 NMOS Microprocessor 
— R6500/* NMOS Microcomputer 
— R65C00 CMOS Microprocessor 

• Flexible code generation 
—Absolute executable code 
—Relocatable linkable code 

• Macro definition includes 
—Multiple parameters 
—Other macros 
—Assembler 

• Macro call includes 
—Macro name 
—Argument list 

• Condition assembly 
—IF condition 

—ELSE complementary condition 
— 12 conditional operators 

• Symbol cross reference tale 
—Lists defined and used symbols 
—Alphanumeric order 

LINKING LOADER FEATURES 

• Resolves inter-module symbol linkage 

• Assigns absolute addresses 

• Generates absolute executable code 

• Produces reports 

—Load map of module locations 
—Symbolic debug table 
—Symbol table 

• Interactive or command file setup 

ORDERING INFORMATION 



Part No. 


Description 


A65/40-7012 


AIM 65/40 Macro Assenribler and Linking Loader*^) 


Order No. 


Description 


2153 


AIM 65/40 Macro Assembler and Linking Loader 
User Manua|(2) 


Notes: 

1 . Requires RM 65 Floppy Disk Controller (FDC) module 
(RM65-5101NE) and AIM 65/40 BDOS 1.0 Upgrade Kit 
(A65/40-7092). 

2. Included with A65/40-7012. 
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AIM 65/40 Microcomputer Family 




A65/40-7020 
AIM 65/40 BASIC INTERPRETER ROMS 



BASIC LANGUAGE 

BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations Involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E-39 to 1 .70141 183E+38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 



LANGUAGE FEATURES 

• BASIC is easy to learn 

• Microsoft BASIC is universally accepted 

• BASIC is widely used 

• Supports simple and complex statements 

• Floating point arithmetic functions 
—Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
■—Exponential, square, square root 

—Natural logarithm 

• String variables and arrays 

• Integer variables 

• Subroutine calls 

• Conditional expressions 

• User function 



PRODUCT OVERVIEW 

The AIM 65/40 BASIC Interpreter, consisting of Input formatter, 
lister, floating point functions, interpreter and input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
Z70 and Z71 on the AIM 65/40 Microcomputer Single Board 
Computer (SBC) Module. AIM 65/40 BASIC operates in one of 
two modes, development and run-time. In the development 
mode, BASIC statements are entered and executed as either 
direct or Indirect commands. Direct commands are executed 
upon entry to provide immediate results, however, the state- 
ments are not stored for subsequent execution, indirect com- 
mands are entered along with an associated line number and 
are executed upon RUN command entry. The AIM 65/40 Text 
Editor can be conveniently used to load indirect statements into 
the Text Buffer for entry into BASIC to simplify program editing. 
The AIM 65/40 microcomputer peripherals, i.e., keyboard, 40- 
character single line display/ video display controller module and 
graphics printer, are used In the development mode to enter 
statements, to list entered indirect statements and to display/ 
print execution results. 

In the run-time mode, BASIC begins execution of the application 
program (i.e., previously entered indirect statements) without 
entering the BASIC command level. The AIM 65/40 peripherals 
are not required In their mode unless used In the application. 
The AIM 65/40 I/O ROM must be resident (but not the Debug 
Monitor/Text Editor ROMs) for run-tlme support. A short user- 
provided driver program initializes BASIC upon power turn-on 
or RESET via the AIM 65/40 I/O ROM auto-start linkage. 



INTERPRETER FEATURES 

• AIM 65/40 Microcomputer or RM 65 Single Board Computer 
(SBC) module host 

• ROM resident for immediate operation 

• Operates in development and run-time modes 

• Fast execution (reference Microsoft 6502 BASIC 
interpretation) 

• Executes application program from RAM or PROM 

• Develops programs for execution in either AIM 65 Microcom- 
puter or in RM 65 SBC module based system with AIM 
65/40 BASIC ROMs installed. 



ORDERING INFORMATION 




PartNo. 


Dascrlption 


A65/40-7020 


AIM 65/40 BASIC ROMs 


Order No. 


Doscrlption 


299 
2100 


AIM 65/40 BASIC User's Manual* 


NOTES: 

* Included with A65/40-7020. 
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A65/40-7020 



AIM 65/40 BASIC Interpreter ROMs 



MEMORY MAP 



Address (Hex) 


Contents 


$COOO-$DFFF 

$700-$7D6 

$0-$6D 


AIM 65/40 BASIC Program 

AIM 65/40 BASIC Variables and Vectors 

AIM 65/40 BASIC Variables 



AIM 65/40 BASIC STATEMENTS 



PROGRAMMING 

The application program can easily be programmed into a PROM 
for operation in an OEM or end-user environment using an RM 
65 PROM Programmer module (RM65-2901 E) connected to an 
AIM 65/40 Microcomputer. 

The AIM 65/40 BASIC Interpreter ROMs can also be used in an 
RM 65 environment in either development or run-time mode. 
When Installed in an RM 65 SBC module based system along 
with the RM 65 I/O ROM, AIM 65/40 peripherals can be used 
to support development as well as run-time operation. 



Program Statements 




Commands 


String Functions 


DEFFN 




CLEAR 


ASC 


DIM 




CONT 


CHR$ 


END 




PRE 


LEFr$ 


FOR 




LIST 


LEN 


GOSUB 




LOAD 


MID$ 


GOTO 




NEW 


RIGHTS 


IF . . . GOTO 




PEEK 


STR$ 


IF... THEN 




POKE 


VAL 


LET 




RUN 




NEXT 




SAVE 


Arithmetic Functions 


ON . . . GOSUB 






ABS 
ATN 


ON . . . GOTO 




Input/Output 


REM 

RESTORE 

RETURN 

STOP 

USR 

WAIT 




DATA 
GET 
INPUT 
READ 


COS 
EXP 
INT 
LOG 




PRINT 
SPC 


RND 
SIN 






TAB 


SGN 






POS 


SQR 






FILE* 


TAN 


*Unks to 


user-defined function. 
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A65/40-7024 
AIM 65/40 BASIC COMPILER 



BASIC LANGUAGE 

BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E-39 to 1.70141 183E+38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental functions 
support trigonometric, exponential, square, square root, poly- 
nomial and logarithmic operations. 

PRODUCT OVERVIEW 

The AIM 65/40 BASIC Compiler, consisting of the BASIC Com- 
piler and BASIC run-time library, is contained on an AIM 65/40 
diskette. The BASIC Compiler, in conjunction with the BASIC 
run-time library, compiles a program written in the BASIC lan- 
guage into a 6500 assembly language source file and an optim- 
ized run-time library file. The BASIC source code file is made 
up of indirect BASIC commands and statements. The two output 
files, assembly source file and optimized run-time file, are then 
assembled using the AIM 65/40 assembler to create a BASIC 
object code file for execution. 

The AIM 65/40 Text Editor can be used to create and edit the 
application program source code. The AIM 65/40 peripherals, 
i.e., keyboard, 40-character single line display/video display 
controller module and graphic printer, are used to enter and list 
BASIC statements and to display/print execution results. 

The disk-based compiler operates on the AIM 65/40 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65/40 DOS 1 .0 or BDOS 1 .0 firmware. The 
AIM 65/40 Assembler (Part No. A65/40-7010) or the AIM 65/40 
Macro Assembler (Part No. A65/40-7012) option is required to 
support the BASIC Compiler on the AIM 65/40 Microcomputer. 
The AIM 65/40 I/O ROM must be resident for BASIC I/O support 
during application program execution, i.e., to run the program 
after compilation and assembly. 



LANGUAGE FEATURES 

• BASIC is easy to learn 

• Microsoft BASIC is universally accepted 

• BASIC is widely used 

• Supports simple and complex statements 

• Floating point arithmetic functions 
— Add, subtract, multiply, divide 

— Trigonometric (sine, cosine, tangent, arctangent) 
^Exponential, square, square root 
— Natural logarithm 

• String variables and arrays 

• Integer variables 

• Subroutine calls 

• Conditional expressions 

• User function 



COMPILER FEATURES 

• AIM 65/40 Microcomputer or RM 65 Single Board Computer 
(SBC) module host 

• Generates standalone code 

• Compiles to 6500 assembly language easing optimization 

• Fast execution 

• Executes application program from RAM or PROM 

• Develops programs for execution in either AIM 65 Microcom- 
puter or in RM 65 SBC module based system without AIM 
65/40 BASIC ROMs installed. 



ORDERING INFORMATION 




Part No. 


Description 


A65/40-7024 


AIM 65/40 BASIC Compiler 


Order No. 


Description 


2160 
2100 


AIM 65/40 BASIC User's Manual* 
AIM 65/40 BASIC Reference Card* 


Note: 

* Included with A65/40-7024. 



Document No. 29001D18 
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AIM 65/40 BASIC Compiler 



MEMORY MAP 



Address (Hex) 


Contents 


$1O0O-$3C0O 
$0-$100 


AIM 65/40 BASIC Compiler 
AIM 65/40 BASIC Variables 



PROGRAMMING 

The application program can easily be programmed into a PROM 
for operation in an OEM or end-user environment using an RM 
65 PROM Programmer module (RM65-2901 E) connected to an 
AIM 65/40 Microcomputer. 



AIM 65/40 BASIC STATEMENTS 



When used in an RM 65 SBC module based system along with 
the RM 65 I/O ROM, AIM 65/40 peripherals can be used to sup- 
port the BASIC Compiler operation. 



Program Statements 

DEF FN 

DIM 

END 

FOR 

GOSUB 

GOTO 

IF... GOTO 

IF . . . THEN 

LET 

NEXT 

ON . . . GOSUB 

ON . . . GOTO 

REM 

RESTORE 

RETURN 

STOP 

USR 

WAIT 



Commands 

PEEK 
POKE 

Input/Output 

DATA 

GET 

INPUT 

READ 

PRINT 

SPC 

TAB 

POS 

FILE* 



String Functions 

ASC 

CHR$ 

LEFT$ 

LEN 

MID$ 

RIGHT$ 

STR$ 

VAL 

Arithmetic Functions 

ABS 

ATN 

COS 

EXP 

INT ' 

LOG 

RND 

SIN 

SGN 

SQR 

TAN 



* Links to user-defined function. 
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FLOATING POINT ARITHMETIC 

Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation Intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and lafcwratory measurements. In the AIM 65/ 
40 Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from -127 to +127. The mantissa is a 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to "1". Operating on floating point numbers 
alleviates programming difficulty and additional development 
time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers In magnitude from 
2.93873588E-39 to 1.70141 183E+38 can be handled In the 
AIM 65/40 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 

PRODUCT OVERVIEW 

The AIM 65/40 Math Package contains a full complement of 
floating point arithmetic, conversion, trigonometric, utility and 
other transcendental functions as user-callable subroutines in 
a 4K-byte ROM. Programmed in 6502 machine language for 
fast execution, these functions support calculation Intensive 
applications. These functions are host computer Independent 
and may be installed in any 6502 CPU based microcomputer 
supporting the memory map requirements. The math package 
is located at $8000-$8FFF to allow direct installation in an AIM 
65/40 Microcomputer, an RM 65 Single Board Computer (SBC) 
module or in an RM 65 PROM/ROM module. 

In addition to the machine language interface, direct linkage to 
AIM 65/40 FORTH provides floating point processing in the 
FORTH language. When installed In an AIM 65/40 Microcom- 
puter with AIM 65/40 FORTH also Installed, the floating point 
words can be automatically linked to the FORTH vocabulary 
during FORTH Initialization. Application programs written in 
FORTH can thus be toth developed and executed on the AIM 
65/40 Microcomputer. For OEM or end user Installation In an 
RM 65 system with user-provided input/output functions, such 
programs can be developed on an AIM 65/40 Microcomputer 
then transferred to an RM 65 SBC based system with AIM 
65/40 FORTH installed for execution In the RM 65 environment. 



FEATURES 

• Floating point arithmetic 
— Addition and subtraction 
— Multiplication and division 

• Integer arithmetic 
— Multiplication 
— Division 

• Comparison (<, =, >) 

• Trigonometric 

— Sine and cosine 

— Tangent and arctangent 

• Conversion 

— Degrees to radians 
— Radians to degrees 

• Polynomials 

— Consecutive power 
— Odd power 

• Logarithmic 
— Natural log 
— Common log 

• Square root, power, exponential 

• Absolute value, integer and floating point sign, greatest integer 

• 6502 CPU machine instruction linkage 

• Host computer independent 

• AIM 65/40 FORTH compatible 

• 4K-byte ROM based 

• Nine digit accuracy 

• Wide range (2.93873588E-39 to 1.701 411 83E +38) 

ORDERING INFORMATION 




Part No. 




A65/40-7040 
A65/40-7050 


AIM 65/40 Math Package ROM 
AIM 65/40 FORTH ROMs 


Oitler No. 


Description 


2113 
2103 


AIM 65/40 Math Package User's Manual"' 
AIM 65/40 FORTH User's Manual'^' 


Notes: 

1. Included with A65/40-7040. 

2. Included with A65/40-7050. 



Document No. 29001 D30 
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MEMORY MAP 



Address (Hex) 


Contents 


$8000-$8FFF 

$AB-$C4 

$110-$132 


AIM 65/40 Math Package Program 
AIM 65/40 Math Package Variables 
AIM 65/40 Math Package Variables 



MATH PACKAGE FUNCTIONS 



Assembly 






Assembly 






Language 


FORTH 




Language 


FORTH 




Label 


Word 


Function 


Label 


Word 


Function 


INIT 




Initialize Math Package 


SIN 


SIN 


Sine 


FADDT 


F+ 


Floating Point Add 


COS 


COS 


Cosine 


FADD 




Floating Point Add (Memory) 


TAN 


TAN 


Tangent 


FSUBT 


F- 


Floating Point Subtract 


ARCTAN 


ARCTAN 


Arc Tangent 


FSUB 


■' 


Floating Point Subtract (Memory) 


DEGRE 


DEGREES 


Convert Radians to Degrees 


FMULTT 


F* 


Floating Point Multiply 


RADS 


RADIANS 


Convert Degrees to Radians 


FMULT 




Floating Point Multiply (Memory) 


POLYX 


POLYODD 


Odd Exponent Polynomial 


FDIVT 


F/ 


Floating Point Divide 


POLY 


POLY 


Consecutive Exponent Polynomial 


FDIV 




Floating Point Divide (Memory) 


MOVFM 


M>F, 


Move Number from Memory to FAC 


IMULT 




Integer Multiply 


MOVMF 


F>M 


Move Number from FAC to Memory 


IDIVID 




Integer Divide 


MOVFA 




Move Number from ARG to FAC 


FTOD 




Convert Floating Point to Integer 


MOVAF 




Move Number from FAC to ARG 


DTOF 




Convert Integer to Floating Point 


CONUPK 


M>A 


Move Number from Memory to ARG 


NEGFAC 




Negate Floating Point Number 




S>A 


Move Number from Stack to ARG 


ABS 


FABS 


Absolute Value of Floating Point Number 




S>F 


Move Number from Stack to FAC 


INT 


INT 


Truncate Floating Point Number 




F>S 


Move Number from FAC to Stack 


SGN 


SGN 


Sign of FAC to FAC 


FIN 


FIN 


Convert ASCII to f=loating Point 


SIGN 


FSIGN 


Sign of FAC to ARG 


FOUT 


FOUT 


Convert Floating Point to ASCII 


FCOMP 


FCOMP 


Compare Floating Point Number 


MINLN 


MIN-WIDTH 


FOUT Minimum Field Width Variable 


SQR 


SQR 


Square Root 


DECLN 


DEC-LENGTH 


FOUT No. of Places to the Right of the Dec- 


FPWRT 


T 


Raise to a Power 






imal Point Variable 


EXP 


EXP 


Exponential 








LOG10 


LOG 


Common Log 








LOG 


LN ■ 


Natural Log 
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FORTH LANGUAGE 

FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 

FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO . . . LOOP, BEGIN . . . END, IF . . . THEN and IF . . . ELSE 
. . . THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data In 
hexadecimal, octal, binary or any other number base from two 
to 40^a distinct advantage over languages like BASIC, where 
all information must be in decimal. 

In most time-critical applications, at least part of the program 
must be written In assembly language. FORTH has a built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 

FEATURES 

• AIM 65/40 Microcomputer host and target 

• RM 65 SBC module based system compatible 

• ROM resident for Immediate operation 

• Application oriented 

• ExtensJbte language 

• Over 200 pre-defined functions 

• Interactive compilation 

• Reverse polish notation 

• Compact memory usage 

• Fast execution 

• Easy debugging 

• Stack implementation 

• 16-bit words 

• Built-in structured macro assembler 

• Shortens software development time 



PRODUCT OVERVIEW 

The AIM 65/40 FORTH system, consisting of primitives, 
interpreter, macro assembler and input/output functions, is con- 
tained in two 4K-byte ROMs. These ROMs plug Into sockets 
Z70 and Z71 on the AIM 65/40 Microcomputer Single Board 
Computer (SBC) module. Linkage to the AIM 65/40 I/O ROM 
interfaces FORTH to the AIM 65/40 peripherals (keyboard, 
single-line display/video display controller and graphics printer) 
and to user-defined functions. Interface with the AIM 65/40 
Debug Monitor and Text Editor ROMs supports machine level 
debugging and editing of application programs written in FORTH. 
Both Interactive and batch modes of operation are supported. 
Interaction operation allows FORTH words to be compiled and/ 
or executed as they are entered for immediate debugging and 
operation. In the batch mode, FORTH words can be entered 
into the Text Buffer then input to FORTH to be compiled and/or 
executed. Batch mode allows an application program to be 
easily edited gsing Text Editor line- and screen-oriented 
commands. 

The AIM 65/40 FORTH ROMs can also be installed in an RM 
65 Single Board Computer (SBC) module based systein 
for either development or runtime operation. This is especially 
attractive In OEM or end-user applications requiring a compact 
RM 65 modular computer assembly. The RM 65 
I/O ROM, when also installed in this configuration, supports 
FORTH input/output operation with AIM 65/40 peripherals con- 
nected to RM 65 Input/output modules. Vectored input/output 
functions support user-defined interface functions, as well, in an 
RM 65 installation. 



ORDERING INFORMATION 



B 



Part No. 


Description 


A65/40-7050 
A65/40.7040 


AIM 65/40 FORTH ROMs 
AIM 65/40 Math Package ROM 


Order No. 


Description 


2103 
2104 
2113 


AIM 65/40 FORTH User's Manual^^ ' 
AIM 65/40 FORTH Reference Card<^' 
AIM 65/40 Math Package User's Manual'^' 


NOTES: 

1. Included with A65/40-7050. 

2. Included with A65/40-7040. 
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DEVELOPING FORTH PROGRAMS 

FORTH is built on subroutine-like functions, called "words." 
These words are linked together to form a "dictionary," which 
is the central core of the language. Writing a program in 
FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
way new features and extensions can be added by simply 
defining one or more new words. Adding new features to 
conventional languages like BASIC or Pascal requires the 
language system to be completely reassembled or 
recompiled. 

FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPM), the notation that is used In 
Hewlett-Packard scientific calculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 

FORTH programs are developed using "top-down/bottom- 
up" techniques. That is, the programmer begins by defining 
the program in very general terrns, then systematically breaks 
these definitions down into more arid more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, In FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 
Each sub-module is a stand-alone component of the pro- 
gram, and can be completely debugged without having the 
complete program In the system. This type of software 
development is difficult, if not impossible, to do with most 
other high-level languages. 



FLOATING POINT FUNCTIONS 

AIM 65/40 FORTH contains both a single- (16-bit) and double- 
(32^bit) precision integer arithmetic capability. In AIM 65/40 
or RM 65 applications where floating point arithmetic is 
desired, the AIM 65/40 Math Package may be used in con- 
junction with the FORTH ROMs. These floating point func- 
tions may be called using FORTH words included In the math 
package ROM. When this RQM is installed in socket Z63 on 
the AIM 65/40 SBC Module, the floating point math words 
can be automatically linked to the FORTH dictionary during 
FORTH initialization. The AIM 65/40 Math Package can also 
be installed in either an RM 65 SBC module based system 
for operation in the RM 65 environment. 



MEMORY MAP 



Address (Hex) 


Contents 


$COO0-$DFFF 


FORTH Program 


$8000-$8FFF 


Math Package Program 


$780-$7FF 


Terminal Input Buffer 


$760-$77F 


User Variables 


$700-$75F 


FORTH User Variables 


$AB-$C4 


Math Package Variables 


$10-$A8 


FORTH Variables 



FORTH WORDS 

STACK MANIPULATION 

DUP 

2DUP 

DROP 

2DR0P 

SWAP 

OVER 

ROT 

-DUP 

>R 

R> 

R 

PICK 

SP@ 

RP@ 

BOUNDS 



Duplicate top of stack. 
Duplicate top two stack items. 
Delete top of stack. 
Delete top two stack items. 
Exchange top two stack items. 
Copy second Item to top. 
Rotate tiiird item on top. 
Duplicate only if non-zero 
Move top Item to return stack. 
Retrieve item from return stack. 
Copy top of return stack onto stack. 
Copy the nth item to top. 
Return address of stack position 
Return address of return stack pointer. 
Convert "address count" to "end- 
address start-address." 
Print contents of stack. 



DEFINING WORDS 

:<name> 

VARIABLE <namd> 

CONSTANT <name> 
CODE <name> 
;CODE 

<BUILDS . . . DOES> 

USER 
MEMORY 



Begin colon definition of <name>. 

End colon definition. 

Create a variable <name> with initial 

value n; returns address when 

executed. 
Create a constant <name> with value 

n; returns value when executed. 
Begin definition of assembly-language 

primitive operation <name>. 
Used to create a new defining word, 

with execution-time "code routine" for 

this data type in assembly. 
Used to create a new defining word, 

with execution-time routine for this 

data type in higher-level FORTH. 
Create a user variable. 



@ 


Fetch value addressed by top of stack. 


! 


Store n1 at address n2. 


C@ 


Fetch one byte only. 


C! 


Store one byte only. 


? 


Print contents of address. 


+ ! 


Add second number on stack to 




contents of address on top. 


CMOVE 


Move n3 bytes starting at address n1 to 




area starting at address n2. 


FILL 


Put byte n3 Into n2 bytes starting at 




address n1. 


ERASE 


Fill n2 bytes in meniory with zeroes, 




beginning at addrdss n1 . 


BLANKS 


Fin n2 bytes in memory with blanks, 




beginning at address n1 . 


TOGGLE 


Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


DECIMAL 


Set decimal base. 


HEX 


Set hexadecimal base. 


BASE 


Set number base. 


DIGIT 


Convert ASCII to binary. 





The number zero. 


1 


The number one. 


2 


The number two. 


3 


The number three. 


4 


The number four. 
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FORTH WORDS (CONTD) 

ARITHMETIC AND LOGICAL 



D+ 



/ 

MOD 
/MOD 
./MOD 

./ 
U- 

u/ 

M* 
M/ 
M/MOD 



MAX 
MIN 
+ - 
D+ - 
ABS 
DABS 

NEGATE 
DNEGATE 

S- >D 

1 + 

2 + 

1 - 

2 - 
AND 
OR 
XOR 



Add. 

Add double-precision numbers. 

Subtract (n1 - n2) 

Multiply. 

Divide (n1/n2). 

Modulo (i.e., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, then divide (n1'n2/n3), with 

double intermediate. 
Like '/MOD, but give quotient only. 
Unsigned multiply leaving double 

product. 
Unsigned divide. 
Signed multiplication leaving double 

product. 
Signed remainder and quotient from 

double dividend. 
Unsigned divide leaving double quotient 

and remainder from double dividend 

and single divisor. 
Maximum. 
Minimum. 
Set sign. 

Set sign of double-precision number. 
Absolute value. 
Absolute value of double-precision 

number. 
Change sign. 
Change sign of double-precision 

number.. 
Sign extend to double-precision 

number. 
Increment value on top of stack by 1 . 
Increment value on top of stack by 2. 
Decrement value on top of stack by 1 . 
Decrement value on top of stack by 2. 
Logical AND (bitwise). 
Logical OR (bitwise) 
Logical exclusive OR (bitwise). 



COMPARISON OPERATORS 



True if n1 less than n2. 

True if n1 greater than n2. 

True if top two numbers are equal. 



0< 


True if top number negative. 


0= 


True if top number zero. 


u< 


True if u1 less than u2. 


NOT 


Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(<comment>) 


Begin comrrient (terminate by right 




parentheses on same line). 


CFA 


Alter PFA to CFA. 


NFA 


Alter PFA to NFA. 


PFA 


Alter NFA to PFA. 


LFA 


Alter PFA to LFA. 


LIMIT 


Top of memory. 


QUIT 


Clear return stack and return to 




terminal. 



CONTROL STRUCTURES 



DO . . . LOOP 


Set up loop, given index range. 


DO . . . +LOOP 


Like DO . . . LOOP, but adds stack 




value to index. 


1 


Place current index value on stack. 


LEAVE 


Terminate loop at next LOOP or 




+ LOOP. 


BEGIN . . . UNTIL 


Loop back to BEGIN until true at 




UNTIL 


BEGIN . . . WHILE 


Loop while true at WHILE, REPEAT 


...REPEAT 


loops unconditionally to BEGIN. 


BEGIN . . . AGAIN 


Unconditional loop. 


IF... THEN 


If top of stack true, execute following 




clause THEN continue; othenA^ise 




continue at THEN. 


IF . . . ELSE . . . THEN 


If top of stack true, execute ELSE 




clause THEN continue; othenwise 




execute following clause. THEN 




continue. 


END 


Alias for UNTIL. 


ENDIF 


Alias for THEN. 



COMPILER-TEXT INTERPRETER 



[COMPILE] 
COMPILE 

LITERAL 
DLITERAL 

EXECUTE 



Force compilation of IMMEDIATE word. 
Compile following < name > into 

dictionary. 
Compile a number into a literal. 
Compile a double-precision nuniber into 

a literal. 
Execute the definition on top of stack. 
Suspend compilation, enter execution. 
Resume compilation. 



DICTIONARY CONTROL 



CREATE 


Create a dictionary header. 


FORGET 


FORGET all definitions from <name> 


HERE 


"On.; 

Returns address of next unused byte in 




the dictionary. 


ALLOT 


Leave a gap of n bytes in the 




dictionary. 


TASK 


A dictionary marker. 




Find the address of <name> in the 




dictionary. 


- FIND 


Search dictionary for <name>. 


DP 


User variable containing the dictionary 




pointer. 


c, 


Store byte into dictionary. 


1 


Compile a number into the dictionary. 


PAD 


Pointer to temporary buffer. 


IMMEDIATE 


Force execution when compiling. 


INTERPRET 


The Text Interpreter executes or 




compiles. 


LATEST 


Lesve name field address (NFA) of top 




word in CURRENT. 


LIT 


Place 1 6-bit literal on the stack. 


CLIT 


Place byte literal on the stack. 


LITERAL 


Compile a 16-bit literal. 


SMUDGE 


Toggle name SMUDGE bit. 


STATE 


User variable containing compilation 




State. 



Q 
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FORTH WORDS (CONT'D) 



USER VARIABLES 

U?IN 

U?OUT 

U7TERMINAL 

U-CR 

UABORT 

UB/BUF 

UB/SCR 

UC/L 

UCLOSE 

UCR 

UEMIT 

UFIRST 

UKEY 

ULIMIT 



User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 
User variable for 



?IN. 

?OUT. 

7TERMINAL 

-CR 

ABORT. 

B/BUR 

B/SCR. 

C/L 

CLOSE. 

CR. 

emit: 

FIRST. 

KEY. 

LIMIT. 



MONITOR & CASSETTE I/O 



COLD 

MON 

CLOSE 

?IN 

?OUT 

GET 

PUT 

READ 

WRITE 



AIM 65/40 FORTH cold start. 
Exit to AIM 65/40 Monitor. 
Close tape file. 

Set to active input device (AID). 
Set to active output device (AOD). 
Input a character from the AID. 
Output a character to the AOD. 
Input n2 characters from AID to 

address n1. 
Output n2 characters to AOD at 

address n1. 



SOURCE 


Compile from the AID. 


FINIS 


Terminate complete from SOURCE. 


INPUT-OUTPUT 




-CR 


Output CR to printer only. 


CR 


Carriage return. 


SPACE 


Type one space. 


SPACES 


Type n spaces. 


CLRLINE 


Output a CTRL B. 




Print text string (terminated by "). 


DUMP 


Dump n2 words starting at address. 


TYPE 


Type string of n1 characters starting at 




address n2. 


7TERMINAL 


True if terminal break request present. 


KEY 


Read key, put ASCII value on stack. 


EMIT 


Output ASCII value from stack. 


EXPECT 


Read n1 characters from input to 




address n2. 


WORD 


Read one word from input stream, until 




delimiter. 


IN 


User variable contained within TIB. 


BAUD 


Set BAUD rate. (See Note 1) 


BL 


Oijtput a SPACE character. 


C/L 


Number of characters/line. 


TIB 


Pointer to terminal input buffer start 




address. 


QUERY 


Input text from terminal. 


ID. 


Print <name> from name # field 




address (nf a). 


HANG 


Wait for keystroke. 


OUTPUT FORMATTING 




NUMBER 


Convert string at address to double- 



precision number. 
Start output string. 



OUTPUT FORMATTING (CONT'D) 

# Convert next digit of double-precision 

number and add character to output 
string. 

#S Convert all significant digits of double- 

precision number to output string. 

SIGN Insert sign of n into output string. 

#> Terminate output string (ready for 

TYPE). 

HOLD Insert ASCII character into output 

string. 

HDL Hold pointer, user variable. 

- TRAILING Suppress trailing blanks. 

.LINE Pispjay line of text from mass storage. 

COUNT Change length of byte string to type 

form. 
Print number on top of stack. 
.R Print number n1 right justified n2 

places. 
D. Print double-precision number n2 n2. 

D.R Print double-precision number n2 n1 

right justified n3 places. 
DPL Number of digits to the right of decimal 

point. 

VOCABULARIES 

CONTEXT Returns address of pointer to 

CONTEXT vocabulary. 
CURRENT Returns address of pointer to 

CURRENT vocabulary. 
FORTH Main FORTH vocabulary. 

ASSEMBLER Assembler vocabulary. 

DEFINITIONS Set CURRENT vocabulary to 

CONTEXT. 
VOCABULARY <name> Create new vocabulary. 
VLIST Print names of all words in CONTEXT 

vocabulary. 
VOC-LINK Most recently defined vocabulary. 

VIRTUAL STORAGE 

LOAD 

BLOCK 

B/BUF 

B/SCR 
BLK 

SCR 

UPDATE 
FLUSH 

EMPTY-BUFFERS 

+ BUF 

BUFFER 

RW 

USE 

PREV 

FIRST 
OFFSET 

- -> 

;S 



Load mass storage screen (compile or 

execute). 
Read mass storage block to memory 



System constant giving mass storage 

block size in bytes. 
Number of blocks/editing screen. 
System variable containing current 

block number. 
System variable containing current 

screen number. 
Mark last buffer accessed as updated. 
Write an updated buffers to mass 

storage. 
Erase all buffers. 
Increment buffer address. 
Fetch next memory buffer. 
User read write linkage. 
Variable containing address of next 

buffer. 
Variable containing address of latest 

buffer. 
Leaves address of first block buffer. 
User variable block offset to mass 

storage. 
Interpret next screen. 
Stop interpretation. 
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FORTH WORDS (CONT'D) 



PRIMITIVES 




SECURITY 


OBRANCH 


Run-time conditional branch. 


!CSP 


BRANCH 


Run-time unconditional branch. 




ENCLOSE 


Text scanning primitive used by WORD. 


7C0MP 


RO 


Location of Return Stack. 


?CSP 


SO 


Location of Parameter Stack. 


?ERROR 


RP! 


Initialize Return Stack. 


7EXEC 


SP! 


Initialize Parameter Stack. 


7PAIRS 


NEXT 


The FORTH virtual machine. 


7STACK 
ABORT 
ERROR 

MESSAGE 
WARNING 
FENCE 
WIDTH 



Store stack position in check stack 

pointeir. 
Error if not compiling. 
Check stack position. 
Output error message. 
Not executing error. 
Conditional not paired error. 
Stack out of bounds error. 
Error; operation terminates. 
Execute error notification and restart 

system. 
Displays message. 
Pointer to message routine. 
Prevents forgetting below this point. 
Controls significant characters of 

<name>. 



MATH PACKAGE FORTH WORDS (A65/40-7040)* 



FLOATING POINT ARITHMETIC 



F+ 
F- 



F* 

F/ 



Adds two floating point numbers. 
Subtracts one floating point number 

from another floating point number. 
Multiplies two floating point numbers. 
Divides one floating point number by 

another floating point number. 



UTILITY, SIGN AND COMPARISONS 



FABS 

INT 

SGN 

FSIGN 

FCOMP 



POLYNOMIAL 

POLY 

POLYODD 



Takes the absolute value of a floating 

point number. 
Truncates a floating point number to an 

integer. 
Converts the sign of a floating point 

number to a floating point number. 
Gets a value correspondihg to the sign 

of a floating point number. 
Compares the value of a compacted 

number in memory to a floating point 

number. 



Evaluates a polynomial with 
consecutive exponents. 

Evaluates a polynomial with odd 
exponents. 



EXPONENTIAL AND LQGARITHMlC 



SQR 
> 

EXP 
LOG 

LN 



Takes the square root of a floating point 

number. 
Raises one floating point number to the 

power of another floating point 

number. 
Raises the transcendental number e to 

the power of a floating point number. 
Computes the logarithm to the base 10 

(i.e., common log) of a floating point 

number. 
Computes the logarithm to the base e 

(i.e., natural log) of a floating point 

number. 



USER VARIABLE 

MIN-WIDTH 

DEC-LENGTH 



Specifies the minimum field width to be 

output. 
Specifies the number of places to the 

right of the decimal point to be 

output. 



ASCII/FLOATING POINT CONVERSIONS 



FIN 



FOUT 



Converts a number in memory from 
ASCII to floating point format. 

Converts a number from floating point 
to ASCII. 



FORMAT CONVERSION AND DATA MOVING 



M>F 
F>M 

M>A 
S>A 
S>F 
F>S 



Unpacks the compacted number in 

memory to floating point. 
Packs the floating point number to 

compacted format and stores the 

result in memory. 
Unpacks the floating point number in 

memory. 
Converts an Integer to floating point 

format. 
Converts an integer to floating point 

format. 
Converts a number from floating point 

to an integer. 



D 



TRIGONOMETRIC AND UNITS CONVERSION 



SIN 

COS 

TAN 

ARCTAN 

DEGREES 

RADIANS 



Calculates the sine of a floating point 

number (in fadians). 
Calculates the cosine of a floating point 

number (in radians). 
Calculates the tangent of a floating 

point number (in radians). 
Calculates the arc tangent of a floating 

point number. 
Converts a floating point number from 

radians to degrees. 
Converts a floating point number from 

degrees to radians. 



•Requires AIM 65/40 FORTH ROMs be resident. 
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A65/40-7052 
AIM 65/40 FORTH TARGET COMPILER 



FORTH LANGUAGE 

FORTH is a unique programming language well suited to a 
variety of applications. Originally developed for real-time control 
applications, FORTH has features that make it ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other input/output intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. 

FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages (DO 
. . . LOOP, BEGIN . . . END. IF ... THEN and IF . . . ELSE 
... THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40— a distinct advantage over lan- 
guages like BASIC, where all information must be in decimal. 



FORTH TARGET COMPILER 

The FORTH Target Compiler generates object code from appli- 
cation programs written in FORTH. The object code is a compiled 
composite of the user's application vocabulary and those portions 
of the Target Compiler nucleus necessary to support the appli- 
cation vocabulary. The disk-based FORTH Target Compiler 
operates on the AIM 65/40 Microcomputer in conjunction with 
the AIM 65/40 FORTH Interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC) module and the AIM 65/40 BDOS 1.0 
Upgrade Kit. 

The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 
to run on AIM 65/40 or RM 65 SBC module-based systems with 
supporting RM 65 memory and input/output modules, e.g.. 
Analog Input/Output, lEEE-488 Interface, and Multi-functbn 
Peripheral Interface. Linkage to RM 65 Floppy Disk Controller, 
CRT Controller, and IEEE-488 module, as well as the AIM 65/ 
40 I/O and Math Package, firmware can also be included for 
expanded application systems. 



FEATURES 

• Fully compatible with FORTH programs developed with AIM 
65 or AIM 65/40 FORTH Interpreter ROMS 

• Disk-based compiler operation with vocabulary overlays for 
— Text Editing 

— Disk Interfacing 
—Serial Input/Output 
— Compiling 
—Special Utilities 

• Easy compiler operation 
^Load screen direction 

— Compile tracing (mapping) 
— Compiles to RAM and/or disk 

• Includes 6502 Macro Assembler with 
— Fonvard references 
—Symbolic labels 

^Relative branches 

• Efficient object code generation 
— ROMable object code 
—Standalone operation 

— Minimum runtime nucleus 
—Optimized FORTH compiled vocabulary 
— User-specified origin 

• Flexible target computer installation 

—System independent (runs on any 6502 CPU-based system 

with minimal runtime memory map requirements) or 
—AIM 65/40 or RM 65 I/O ROM autostart capability 

ORDERING INFORMATION 



Part No. 


Description 


AIM 65/40-7052 
AIM 65/40-7050 
AIM 65/40-7092 
AIM 65/40-7040 


AIM 65/40 FORTH Target Compiler 
AIM 65/40 FORTH Interpreter ROMs<^' 
AIM 65/40 BDOS 1.0 Upgrade Kit*^^) 
AIM 65/40 Math Package ROM<«' 


Order No. 


Description 


2105 

2103 
2113 


AIM 65 and AIM 65/40 FORTH Target 

Compiler User's ManuaP' 
AIM 65/40 FORTH User's Manual'^' 
AIM 65/40 Math Package User's ManuaP> 


Notes: 

(1) Required for FORTH Target Compiler operation. 

(2) Requires RM65-5101NE FDC module. 

(3) Included with A65/40-7052. 

(4) Included with A65/40-7050. 

(5) Included with A65/40-7040. 

(6) Optional 



Document No. 29001 D1 9 
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DEVELOPING FOFITH PROGRAMS 

FORTH is built on subroutine-like functions, called "words." 
These words are linked together to form a "dictionary," which 
Is the central core of the language. Writing a program in FORTH 
consists of using the dictionary words to define each new word. 
Once the new word has been defined it Is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. In this way 
new features and extensions can be added by simply defining 
one or more new words. 

FORTH is a stack-oriented language, and Is programmed in 
Reverse Polish Notation (RPN), the notation that is used in 
Hewlett-Packard scientific calculators. A data stack is an 
extremely efficient way of passing variables back and forth 
between operations and eliminates the need to tie up memory 
locations with variable tables. 

FORTH programs are developed using "top-down/bottom-up" 
techniques. That is, the programmer begins by defining the pro- 
gram In very general terms, then systematically breaks these 
definitions down Into more and more detailed sub-modules. 
When the lowest levels of sub-modules have been defined, 
FORTH coding begins with those levels, working back up toward 
the top of the program, in pyramid fashion. Each sub-module 
is a stand-alone component of the program, and can be 
debugged without having the complete program in the system. 
The interactive nature of FORTH supports this time efficient 
development technique. 

In most time-critical applications, at least part of the program 
must be written in assembly languages. FORTH has a built-in 
6502 macro assembler, and allows assembly language coding 
at almost any point in your prdgram, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten tirries faster than other interpretive 
languages, and can even approach the speed of machine lan- 
guage programs for some applications. 

The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 



Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. 

FORTH TARGET COMPILER OPERATION 

The disk-based, two-pass, FORTH Target Compiler compiles 
object code in one of two modes: BIG.GOMPILE or QUICK. 
COMPILE. The QUICK.COMPILE mode compiles the entire 
object code directly to RAM then saves the compiled code on 
disk. The BIG.COMPILE mode compiles to 1 K-byte buffer areas 
in RAM. When the buffer is full, the buffer contents are trans- 
ferred to disk then compilation continues. The BIG.COMPILE 
mode optimizes object code RAM requirements although it com- 
piles slower than the QUICK.COMPILE mode. 

Operation of the compiler is directed by one or more LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 

FLOATING POINT OPERATION 

The FORTH Target Compiler provides both single-precision 
(16-bit) and double-precision (32-bit) single integer arithmetic 
functions. If floating point arithmetic is desired, code words can 
easily be defined within the application program to link to external 
floating point subroutines. The AIM 65/40 Math Package ROM, 
located at address $8000-$8FFF can be installed In the appli- 
cation system. Alternatively, user-defined floating point func- 
tions may be linked to or even provided within the code 
definitions. 

SYSTEM REQUIREMENTS 

The AIM 65/40 FORTH Target Compiler operates in an AIM 
65/40 Microcomputer with 32K bytes RAM in conjunction with 
an RM 65 FDC module with an AIM 65/40 DOS 1.0 or BDOS 
r.O ROM installed on the FDC module. The following table lists 
two configurations of AIM 65/40 and RM 65 hardware and firm- 
ware which may be used. Other configurations can be easily 
composed depending on the user's development and applica- 
tion requirements. 



D 



ftequirod 

Peripherals/ 

Firmware 


Host Computer 


AIM 65/40-2000 (AIIM 65/40 SBC Module with 
32K RAM, Monitor ROMS, Extended 
Keyboard, and VDC Module) 


A65/40-8315 (AIM 65/40 
Microcomputer System 
—Series 8000) 


RM65-71 41 E RM 65 Cable Adapter & Buffer 

Module for AIM 65/40 
RM65-7004E RM 65 4-Slot Card Cage 
RM65-5101NE RM 65 Floppy Disk Controller (FDC) 

Module (Without ROM) 
A65/40-7090 AIM 65/40 DOS 1 .0 ROM, or 
A65/40-7092 AIM 65/40 BDQS 1 .0 Upgrade Kit 
A65-40-7040 AIM 65/40 Math Package ROM 
A65/40-7050 AIM 65/40 FORTH ROMs 

Floppy Disk Drives (2) 

CRT Monitor 


X 

X 
X 

X 
X 

optional 
X 
X 
X 


X 

X 
X 

optional 
X 
X 
X 


Notes: X = Required in addition to host microcomputer. | 
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FORTH WORDS 



GENERAL PURPOSE VOCABULARY 

The following FORTH words are provided in addition to those 
provided in the A65/40-7050 FORTH Interpreter ROMs (refer 
to Data Sheet No. D122). 



ABORT" 
ASCII 



COMBINE 

COMPILING 
DISKING 
EDITOR 
EXTERNAL 

FALSE 
H. 

HI 

IFEND 

IFTRUE 

INTERNAL 

LO 
LOADER 

MODULE 

OFF 

ON 

ROLL 

ROOM 
SET 

SPLIT 
THRU 

TRUE 

U. 

UNRAVEL 
Y/N? 



2R0T 



Prints TEXT if a run-time error occurs. 

During compile time, places a CLIT and 
the literal value of CHAR \f\ the dictionary. 
In immediate mode, returns the ASCII 
value on the stack. 

Combines low byte of I and high byte of h 
to form n. 

Activates the Compiler Vocabulary Overlay. 

Activates the Disk Vocabulary Overlay. 

Activates the Editor Overlay. 

Execution only. NFA of next word to be 
defined. 

Returns a false flag. 

Prints n as an unsigned hexadecimal 
value. 

Returns the high byte of n. 

Marks a place. 

Compiles the following input if f=1, 
otherwise skips. 

Returns the NFA of the latest word 
defined. 

Returns the low byte of n. 

Creates word NAME that loads screen 
no. n. 

Execution only. Places NFA1 into LFA of 
NFA2. 

Stores a in ADDR. 

Stores a 1 in ADDR. 

Rotates the nth number to the top of the 
stack. 

n= RAM space left. 

Places value n in variable or constant 

NAME. 

Returns low and high byte of n. 

Performs sequential LOAD'S beginning at 
screen no. n and continuing through 
screen no. n. 

Returns a true flag. 

Outputs n as a double-precision number. 

Back traces the return stack. 

Asks the question YES? or NO?, 

depending on f^ = 1 or 0. Returns fa as 

true or false depending on input match 

tofv 

Rotates double-precision numbers di, 
d2, da. 

Returns da = di * 62- 



20VER 
2SWAP 



-TEXT 



?DEF 
?RANGE 



?URANGE 



Double-precision OVER. 

Double-precision SWAP. 

Execution only. Creates a constant NAME 
with value n. 

Compares strings at ADDR1 and ADDR2 
for n bytes. Returns f=1 if same. 

IF NAME is defined, returns f=1. 

Returns f=1 If n2<n1 <n3 for signed 
numbers. 

Returns f=1 if u2<u1<u3 for unsigned 
numbers. 



DISK VOCABULARY OVERLAY 

BACKUP Copies all of drive to drive 1 . 

BLOCKS Copies block b1 through b1 +n to block b2 

through b2+n. 

COPY Copies block b1 to block b2. 

DOWN Beginning at block b and continuing for n 

blocks, copies from drive 1 to drive 0. 

MASSACRE Clears n blocks beginning at block b, DRO. 

SCREENS Copies screens S1 through S1 +n to 

screens S2 through S2+n. 

SLATE WRITES blanks ($20) tp block b relative to 

DRIVE 0. 

SWEEP READS blocks b through b+n searching 

for disk errors. 

UP Beginning at block b, copies n blocks from 

drive to drive 1 . 

VERIFY Compares blocks beginning at b1 to those 

t^eginning at b2 for n blocks and displays 
errors. 

VOLUME Returns the block number of the block of 

drive 2 relative to drive 0. 

?WRONG If b1 = b2, then sets f=1 , else sets f=0. 
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FORTH WORDS (Continued) 
EDITOR VOCABULARY OVERLAY 



BUFFERS 

INSERT-BUF 

FIND-BUF 



STRING ORIENTED COMMANDS: 



An 80-byte buffer beginning at PAD + 80. 
An 80-byte buffer beginning at PAD + 1 60. 



LINE ORIENTED COMMANDS: 



LINE 



NEW 



TILL 



>LINE# 
(DELETE) 

(HOLD) 

(KILL) 
(PUT) 



1LINE 



Swaps the contents of the INSERT-BUF 
and FIND-BUF. 

On current screen, returns the RAM 
address of the beginning of the line#. 

Replaces INSERT-BUF and line# in 
block# with current referenced line. 

Beginning at line#, clears each line and 
allows a NEW line to be typed in. Input is 
terminated by a null line entry (CR CR). 
Clears remaining lines on the current 
screen. 

Copies text Into the INSERT-BUF and the 
current line until the delimiter (CR) is 
encountered. 

Beginning at the current cursor address, 
deletes text unTILL the end of the 
matching text string is encountered. The 
text is held in FIND-BUF. 

Moves cursor to beginning of line# in 
current screen. Shows the line. 

Copies text into the INSERT-BUF and the 
line on the current screen under the cursor. 

Copies the current line into INSERT-BUF. 
Then deletes the line and scrolls the 
screen up. The last line becomes a blank. 

Returns the current cursor line#. 

Referring to the current cursor position, 
deletes n preceding characters and calls 
UPDATE. 

Copies the referenced line number into 
INSERT-BUF and UPDATE. 

Blanks line# and UPDATE. 

Replaces the current line with contents of 
INSERT-BUF. 

Prints the current line with the cursor at 
current cursor position and the line number 
at the end of the line. 

Searches the current line after cursor 
position for a match to contents of FIND- 
BUF. Repositions cursor to it if a match is 
found and sets f=1. If no match is found, 
sets f =0 and positions the cursor to the 
next line. 



MATCH 



(F) 
#LAG 

#LEAD 



Finds the text, deletes it and shows the 
line. 

Finds the text, positions the cursor at the 
end of the text string and shows the line. 

Inserts the contents of INSERT-BUF into 
line at cursor position. 

Searches the memory space beginning at 
ADDR2 for CNT2 for a match of the data 
beginning at ADDR1 for CNT1. If no match 
is found, sets f=1 and ADDR3=ADDR1 -i- 
CNT1, If a match is found, sets f=0 and 
ADDR3= address of the next byte after the 
matching string. 

Locates the text in the buffer (a subpart of 
the F command). 

Returns the address of the character 
following the cursor and then counts to the 
end of the line. 

Returns the address Of the character 
preceding the cursor and the count to the 
beginning of the line. 



SCREEN COMMANDS 

B 

L 
N 

TOP 
WIPE 



Moves to last block. 

Lists current screen. 

Moves to next block. 

Moves cursor to the top line of the text. 

Clears the entire screen. 



MISCELLANEOUS COMMANDS 

Move non-null contents of PAD to ADDR. 



BUF-MOVE 

E 



Erases the string in front of the cursor for a 
length equal to the string in FIND-BUFF. 

Replaces sthng identified by FIND-BUFF 
with TEXT. 

Beginning at current screen and continuing 
through screen #n, searches for a string 
match to TEXT and displays match 
occurrences. 



□ 



CURSOR COMMANDS 

R# Returns the cursor position (n). 

# LOCATE Returns byte position of cursor and line 

number. 

» Adds n to cursor position and displays the 

line. 
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FORTH WORDS (Continued) 



TEXT 



USE 
WHERE 



Takes text from input stream until DLIMIter 
character Is encountered (65 characters 
maximum). Moves, text to PAD and fills to 
65 characters with blanks ($20). 

Displays CHAR as the cursor. 

Displays where an error in LOADIng 
occurred. Also shows context and current. 



TARQET COI\/IPiLER VOCABULARY 
OVERLAY 



LISTS 

SYMBOLS 

LOCALS 
MAGICS 



Defines names in the object code. 
Defines words at compile time only. 
Immediate words. 



SWITCHES & FLAG WORDS (directives active during compile) 

Changes switch state to ON. 



ON 

OFF 

MAPPING 

GAG 



Changes switch state to OFF. 

Prints or displays the name and CFA of 
each WORD when created. 

Suppresses most non-fatal error 
messages. 



RAM.LO. RAM between RAM.LO + 
USER.SIZE and RAM.HI is used for work 
buffers (PAD, etc.) when ROM ABLE flag is 
set. 



ORIGIN 
FAST.COMPILE 

BIG.COMPILE 

CLEAR.TARGET 
READY 

START 



DEFINING WORDS 



LABEL 
VARIABLE 

BYTES 
RAM 



AUTO.FORWARD 


Automatic fonward reference for undefined 






words. 


BCC, BCS, BNE. 


NUMERIC 


Values must be preceded by a valid 
decimal character to be a valid number. 


BEG, BPL, BMI, 
BVC, BVS, 


ROMABLE 


Generates read-only code. 


MAGIC WORDS 

DLITERAL 


CONTROL WORDS 




ASCII 


FORWARD 


Forces forward reference of the name 




immediately following. 




WIDE 


Name field length (headeriess code). 


DOES> 


SET 


Changes the value of FORTH user 






constants. 


;CODE 


WINDOW.LO 
WINDOW.HI 


Defines the Target address space 
boundaries. 


LOCATE 


DESTINATION 


Defines the target buffer block number. 




RAM.LO \ 


identifies nucleus RAM boundaries. 


REVEAL 


RAM.HI j 


Extends from RAM.LO for USER.SIZE 
bytes. 


HIDE 


USER.SIZE 


Number of bytes reserved beginning at 





Compiler's target dictionary. 

Target space will be RAM only, based on 
WINDOW.LO and WINDOW.HI. 

Target space maybe virtual data space on 
disk. 

Fills the target area with zeros. 

Initializes internal variables to their default 
value. 

Begins the compilation. Everything 
following this command will be Interpreted 
or complied in the simulated target 
machine environment. 



Generates an equate type statement. 

For use in assembly language to provide 
flexibility and allow code sharing. 

If ROMABLE is true, VARIABLE becomes 
a USER variable, othenvlse variable is 
identical to ROM-based FORTH. 

Sets aside bytes in RAM area (like 
ALLOT). 

Equivalent to ROM command HERE. 
Returns current RAM address. 

Relative branch opcodes for assembly 
operation. 



Compiles a double number in line. 

Compiles CLIT of following ASCII 
character. 

Immediate word to separate <BUILDS 
DOES> into TARGET NUCLEUS and 
Target Compiler. 

identical to CODE but also sets a pointer 
for LOCATE. 

Informs the compiler where the execution 
time CODE is located. 

Similar to SMUDGE. 

Sets the SMUDGE bit on the last target 
word. 



8-74 



A65/40-7090 

AIM 65/40 MIcrocomputBr Family 




A65/40-7090 
AIM 65/40 DISK OPERATING SYSTEM 
VERSION 1.0 (DOS 1.0) ROM 



DISK OPERATING SYSTEM 

A disk operating system (DOS) provides a standard Interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 



PRODUCT OVERVIEW 

The AIM 65/40 Disk Operating System Version 1 .0 (DOS 1 .0) 
provides disk and file management functions for the AIM 
65/40 Microcomputer in conjunction with an RM 65 Floppy Disk 
Controller (FDC) module. With this configuration, mass storage 
files can be easily manipulated when connected to one to four 
SVa" or 8" floppy disk drives. DOS 1 .0 functions, contained on 
a 4K-byte ROM that plugs into the FDC module, are available 
immediately upon computer power turn-on without waiting for 
separate loading of a disk-based DOS into RAM. 

DOS 1 .0 functions are operator commandable through inter- 
active AIM 65/40 Debug Monitor/Text Editor operation as well 
as language (assembler, compiler and/or interpreter) operation. 
Text and program source code may be written to, and read from, 
disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the Debug Monitor Dump and Load 
commands, respectively. Files containing source and object 
code for application programs written in AIM 65/40 Assembler, 
BASIC, and FORTH languages are therefore supported. In 
addition, utility functions format a disk, list the contents of the 
disk directory, delete a file, recover a file and backup a disk upon 
command. The DOS functions may also be called under pro- 
gram control by the application program into order to read and 
write data files. 

Disk read or write errors, both at the DOS and FDC hardware 
level, are reported upon detectbn. User-alterable variables allow 
changing of default values to application unique values. 

Disks formatted by AIM 65/40 DOS 1 .0 are compatible with AIM 
65 DOS 1.0 and AIM 65/40 BDOS 1.0. Files written by any of 
these DOS programs may therefore be read by either 
microcomputer. 



FEATURES 

• AIM 65/40 Microcomputer compatible 

• ROM resident for Immediate operation 

• Installs on-board RM 65 Floppy Disk Controller (FDC) module 

• Provides mass storage of programs and data 

• Compatible with AIM 65 high level language and Assembler 
ROMs 

• Disk oriented commands (format, list, backup) 

• File oriented commands (list, delete, recover) 

• Input/Output commands 

— Read and write text and object code 
— Automatic file open and close 

• User-alterable variables 

—Utility function and error handling vectors (before and after 

DOS functions) 
—Error handling vectors (before and after DOS functions) 
— ^ Input/output vectors 

• Extensive error detection and reporting 

MEMORY MAP 



Addro88(Hex) 


Contents 


$8F00-$8FFF 


RM 65 FDC Module I/O 


$8000-$8EFF 


DOS 1.0 Program 


$3E0O-$3FFF 


DOS 1.0 I/O Buffer (default location) 


$500-$563 


DOS 1.0 Variables 


$4A0'$4FA 


DOS 1.0 Variables 


$D7-$DE 


DOS 1.0 Variables 



ORDERING INFORMATION 



D 



Part No. 


Description 


A65/40-7090 
RM65-5101NE 


AIM 65/40 DOS 1 .0 ROM 
RM 65 FDC Module (without ROM 
containing primitive subroutines^^') 


Order No. 


Description 


802 


RM 65 FDC Module User's ManuaP> 


NOTES: 

1. Describes user's Instructions for AIM 65/40 DOS 1.0. 
Included with A65/40-7090 and RM65-5101NE. 

2. The DOS 1.0 ROM includes primitive subroutines in addition 
to DOS functions. 
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A65/40-7092 

AIM 65/40 Microcomputer Family 




A65/40-7092 

AIM 65/40 BOOTSTRAP DISK OPERATING 

SYSTEM VERSION 1.0 UPGRADE KIT 



DISK OPERATING SYSTEM 

A disk operating system (DOS) provides a standard interface 
between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 

PRODUCT OVERVIEW 

The AIM 65/40 Bootstrap Disk Operating System Version 1 .0 
(BDOS 1 .0) provides disk and file management functions for the 
AIM 65/40 Microcomputer in conjunction with an RM 65 Floppy 
Disk Controller (FDC) module. With this configuration, mass 
storage files can be easily manipulated when connected to one 
to four 5y4" or 8" floppy disk drives. BDOS 1.0 functions, con- 
tained on a 4K-byte ROM that plugs into the FDC module, are 
available immediately upon computer power turn-on without 
waiting for separate loading of a disk-based DOS into RAM. 

The AIM 65/40 BDOS 1 .0 provides a bootstrap and autostart 
capability in addition to the same functions as AIM 65/40 DOS 
1 .0 (A65/40-7090). It is also located higher in memory than AIM 
65/40 DOS 1.0 to allocate RAM at $8XXX to disk-resident 
system or application software. If neither AIM 65/40 Debug 
Monitor nor BASIC Interpreter ROMs are installed, a bootstrap 
function can be read from the disk and executed to load and 
autostart an application program. The BASIC or Debug Monitor 
command level will be entered if the AIM 65/40 BASIC or Debug 
Monitor ROMs are installed (BASIC overrides the Debug Mon- 
itor) unless overridden by an application autostart via the AIM 
65/40 I/O ROM. AIM 65 BDOS 1.0 does not contain DMA rou- 
tines, however, indirect vectors are provided for user addition. 

Disks formatted by AIM 65/40 BDOS 1.0 are compatible with 
AIM 65 DOS 1.0 and AIM 65/40 DOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. 

the upgrade kit includes: 

For installation on RM 65 FDC Module 

AIM 65/40 BDOS 1.0 ROM 

FDC Module addressing PLA (495R23-003) 

For installation on the AIM65/40 SBC Module 

AIM 65/40 I/O ROM VI. 1 (R32T3-14) 
AIM 65/40 Monitor/Editor ROMs V1.1 
(R32U5-13and R32U6-13) 



FEATURES 

• AIM 65/40 Microcomputer compatible 

• ROM resident for Immediate operation 

• Installs on-board RM 65 Floppy Disk Controller (FDC) module 

• Provides mass storage of programs and data 

• Compatible with AIM 65 high level language and Assembler 
ROMs 

• Disk oriented commands (format, list, backup) 

• File oriented commands (list, delete, recover) 

• Input/Output commands 

— Read and write text and object code 
— Automatic file open and close 

• User-alterable variables 

— Utility function and error handling vectors (before and after 

DOS functions) 
— Input/output vectors 
— I/O buffer vectors 

• Extensive error detection and reporting 

MEMORY MAP 



Address (Hex) 


Contents 


$E000-$EFFF 
TOP OF RAM 
$500-$563 
$4A0-$4FA 
$D7-$DE 


DOS 1 .0 Program 
DOS 1.0 I/O Buffer 
DOS 1.0 Variables 
DOS 1.0 Variables 
DOS 1 .0 Variables 



ORDERING INFORMATION 



Part No. 


Description 


A66/40.7092 
RM65-5101NE 


AIM 65/40 BDOS 1 .0 Upgrade Kit 

RM 65 FDC Module (without ROM containing 

primitive subroutines'^') 


Order No. 


Description 


2152 
288 
280 
262 


AIM 65/40 BDOS, 1.0 User's Manual'^' 
AIM 65 Monitor/Editor Program Listing 
AIM 65/40 System User's Manual 
AIM 65/40 I/O ROM Program Listing 


Notes: 

1 . BDOS 1 .0 ROM in upgrade kit includes primitive subroutines 
in addition to DOS functions. 

2. Included with A65/40-7092 
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RM 65 MICROCOMPUTER MODULE FAMILY 
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RM 65 MICROCOMPUTER MODULE FAMILY 
Standard Boards Cut Design Costs, Offer Flexibility 



RM 65 microcomputer modules offer a simple solution to 
designing hard working blue collar microcomputer systems. 
You start with an R6502 based single board Eurocard-sized 
computer. Then you add functions, exactly as required, with 
additional Eurocards. Program your system in either FORTH 
or BASIC, control essentially any peripherals the system 
may need. There's no more optimum way to quickly and 
economically put together prototype and small to medium 
run systems. 

The RM 65 family includes a single board computer, 
memory, general purpose I/O, intelligent peripheral 
controllers and accessory modules. Silicon software 
supports the family with BASIC, FORTH and peripheral 
drivers. Plus, the family includes card cages, buffers, 
adapters, cabling, extender module, everything needed 
for complete system implementation. 



The RM 65 microcomputer modules are all Eurocard 
sized, 100 mm x 160 mm. Memory modules include 8K 
static RAM, 32K dynamic RAM, 16K PROM/ROM and a 
PROM programmer. ROMs include I/O, BASIC and FORTH. 
There is an IEEE-488 module, general purpose I/O and 
timer module, ACIA module, and a multifunction peripheral 
controller module. 

An analog Input/output module allows an RM 65 system 
to interface with thermocouples, strain gages, pressure 
sensors and similar analog devices. Floppy disk and CRT 
controller modules allow RM 65 systems to drive displays 
and removable memory. A direct memory access controller 
allows RM 65 systems to have high data transfer rates 
when needed. 

Since the RM 65 blue collar family is designed around the 
R6500 family, systems can be readily redesigned into 
R6500 devices as volume or application warrant. RM 65 lets 
you design custom systems with standard boards, buying 
only what you need, when you need it. 
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RM65-1000E 

RM 65 Microcomputer Family 




RM65-1000E 

RM65 SINGLE BOARD COMPUTER 

(SBC) MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-1 OOOE Single Board Computer Module Is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Modules are designed for OEM and end 
user microcomputer applications requiring state-of-the-art per- 
formance, compact size, modular design and low cost. Software 
for RM 65 systems can be developed in R6500 Assembly Lan- 
guage, PU65, BASIC and FORTH. Both BASIC and FORTH are 
available in ROM and can be incorporated into the user's system. 

RM 65 Microcomputer Modules use a motherboard interconnect 
concept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desk-top microcomputer applications. 

PRODUCT OVERVIEW 

The RM65-1000E Single Board Computer (SBC) Module allows 
users to design their products into compact modular stacks. The 
SBC module plugs into a single slot in an RM 65 card cage/ 
motherboard and controls other memory and I/O modules. The 
heart of the SBC module is an R6502 CPU, which is caJDable 
of addressing 65K bytes of memory. In addition, the SBC module 
contains bank address logte which allows addressing of one or 
two 65K byte memory banks. Sockets on the module accept up 
to 16K bytes of PROM/ROM. 2K bytes of static RAM are also 
provided. 

An R6522 Versatile Interface Adapter (VIA) provides two 8-bit 
parallel I/O data lines, two 2-bit control lines, two counter-timers 
and an 8-bit shift register. On-board switches assign memory 
sections to 4K byte blocks. All address, data and control lines 
are buffered. 



ORDERING INFORMATION 



Part No. 


Description 


RM65-1000E 


Single Board Computer (SBC) Module 


Order No. 


Description 


809 


Single Board Computer (^BC) Module User's 
Manual (included with RMefe-1000E) 



FEATURES 

• Compact size— about 4" x 6V2" (1 00 mm x 1 60 mm) 

• Pin and socket bus connection 

• On-board R6502 CPU 

• 2K of 211 4 static RAM 

• Two sockets for up to 16K PROM/ROM 

• Supports the following PROM/ROM or equivalents 

— Tl TMS 251 6, TMS 2532 and Motorola MCM 68764 PROMs 
—Rockwell R2316, R2332, or R2364 ROMs 

• R6522 Versatile Interface Adapter (VIA) and I/O Interface 

• Fully Buffered Address, Data, and Control lines for RM 65 
Bus 

• Separate switches allow RAM, PROM/ROM, and VIA to be 
individually dedicated to one or two 65K byte meniory banks 

• Jumpers allow selection of the following 
— 2K, 4K or 8K PROM/ROMs 

—RAM, PROM/ROM and I/O starting address to 4K byte 

boundary 
— On-board or External bank addressing source 
— Programmable DMA Terminate 
—On-board or external clock source 

• +5V operation 

• Fully assembled, tested and warranted 




B 



RM65-1000E Single Board Computer (SBC) Module 
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RM65-1000E 



Single Board Computer (SBC) Module 



FUNCTIONAL DESCRIPTION 

The Clock Circuit uses a crystal-controlled oscillator to provide 
a stable 1-MHz clock reference. A jumper selects between the 
internal clock reference or an external clock (to 1 MHz) as the 
source for the R6502 and the derived system clock. 

The Reset Control circuit conditions the Reset signal to drive 
the R6502 Reset line. A reset can be generated by either the 
on-board reset pushbutton or an external switch. This circuitry 
also generates a reset automatically, upon power-up. 

The R6502 Central Processing Unit (CPU) is the heart of the 
SBC Module and any interfacing Modules connected to the RM 
65 Bus. The R6502 controls all program execution by means 
of the address, data, control, and timing lines. All internal R6502 
operations are synchronized to the clock source. 

The Bank Select Control circuit detects when the SBC Module's 
assigned memory bank is addressed, by comparing the Bank 
Address signal to the Bank Select Enable and Bank Select 
switches. The Bank Select Enable Switches allow all on-board 
PROM/ROM, RAM, & VIA to be independently assigned common 
to both Bank (lower 65K) and Bank 1 (upper 65K) or dedicated 
to either Bank or Bank 1, depending on the Bank Select 
switches. A jumper allows the Bank Address signal to be driven 
by the on-board R6522 VIA or from another module. 

The Base Address Decoder uses the six most-significant address 
bits and the Base Address Jumpers to generate chip selects for 
the on-board PROM/ROM, RAM, and VIA. The RAM and VIA 
can be independently mapped into any 4K block of the selected 
65K bank. The PROM/ROMs may be mapped into any 4K or 
8K block of the selected bank! 

The 16K PROM/ROM section has two sockets which can accept 
2K, 4K or 8K PROM/ROM devices. The size and type of PROM 



or ROM is specified by the Base Address selection jumpers and 
the PROM/ROM type jumpers. 

The 2K RAM section uses four 1 K x 4 RAM devices to provide 
on-board read/write memory. 

The R6522 Versatile Interface Adapter (VIA) provides input- 
output capability to the SBC Module. The VIA provides two 8- 
bit I/O ports each with two control lines. Both ports and control 
lines are brought out to a connector for user applications. 

The SBC Module can control up to 15 additional support mod- 
ules by means of the RM 65 Bus. There are three groups of 
signals on the RM 65 Bus: data, address, and control. 

The Data Transceivers invert and transfer eight bits of parallel 
data between the SBC Module and the RM 65 bus. The direction 
of the transceivers is controlled by the read/write signal from the 
R6502. The transceivers are disabled when the on-board PROM/ 
ROM, RAM, or VIA is addressed or when the Bus Float signal 
from the RM 65 Bus is active. 

The Address Buffers invert and transfer 1 6 parallel address bits 
from the SBC Module to the RM 65 bus. 

The Control Buffers buffer all control and clock signals between 
the SBC Module and the RM 65 bus. The Non-Maskable Inter- 
rupt, Interrupt Request, Set Overflow, External Clock (^0), Ready 
and Bus Float input lines are buffered coming from the RM 65 
bus into the SBC Module. The DMA Terminate, Reset and 
Phase 1 Clock (01) output lines are always driven from the SBC 
Module onto the RM 65 Bus. The other six output lines for Read/ 
Write, Phase 2 Clock, sync, and Bank Address are also buff- 
ered, but are tri-stated (disabled) when the Bus Float signal is 
active. 



SELECT 
ENABLE 
SWITCHES 



l*r~BANK 1 

I SELECT I* 

r W CONTROL I 



RESET CONNECTOR 



rv 





h 












ROM 








-- 


PROM ROM 
JUMPERS 







m — I 



BUS CONNE CTOR 



CLOCK 

SOURCE 
SELECT 



BUS FLOAT 
DMA TERMINATE 



RM 65 SBC Module Block Diagram 
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RM65-1000E 



Single Board Computer (SBC) Module 







RM 65 Bus Pin Assignments 




Bottom (Solder Side) 


Top (Component Side) | 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


1a 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA6/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B01 


Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


Buffered Sync 


14a 


BSO 


Buffered Set Overflow 


14c 


BDRQ1/ 


* Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




* User Spare 1 


16c 


-12V/-V 


*-12 Vdc/-V 


17a 


+ 12V/+V 


* + 12Vdc/+V 


17c 




*User Spare 2 


18a 


GND 


Ground line 


18c 


BFLT/ 


Buffered Bus Float 


19a 


BDMT/ 


Buffered DMA Terminate 


19c 


B0O 


Buffered External Phase Clock 


20a 




*User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


* Buffered DMA Request 2 


22a 




* System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


* Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


25a 


BjZl2/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B02 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 


32c 


GND 


Ground 


Note: 












* Not used 


Dn this module. 











6.8 IN. 
(172 MM) " 

- LENGTH - 



MATING 

MOTHERBOARD 
AND RECEPTACLE 



WIDTH 



CI 



Lh! 



^ 



EUROCONNECTOR 
EXTENSION 



EUROCARD CONNECTOR 
COMPONENT AREA 

HEIGHT QLl ^..^ 



RM 65 SBC Module Dimensional Outline 
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RM65-1000E 



Single Board Computer (SE|C) Module 



SPECIFICATIONS 



Parameter 


Value 


Dimensions (See Notes) 
Width 
Length 
Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.6 0Z. (160g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70"C 

-40°C to +85°C 

0% to 85% (without condensation) 


Electrical 

Power Requirements 


+5 Vdc ±5%, 0.75 A (3.5 W)— Typical 
1.2A(6.0W)~Maximum 


Interface 

RM 65 Bus Interface 

I/O Connector 

RESET Switch Connector 


64-pin plug (0.100 in. centers) per DIN 41612 (Row B not installed) 
40-pin 3M mass termination (0.100 in. centers) 
2 vertical pins (0;3 in. high) on 0.200 in. center 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-0110 

RM 65 Microcomputer Family 



RM65-0110 
RM 65 INPUT/OUTPUT (I/O) ROM 



INPUT/OUTPUT FUNCTIONS 

The input/output (I/O) functions in a microcomputer perfornns 
interface processing between an application program and 
peripheral devices, e.g. display, printer and l<eyl3oard. These 
functions are usually implemented as closed subroutines that 
may be called by the application prpgram or as part of an 
operating system that operates on passed parameters. The I/O 
functions normally issue operating commands to the periph- 
erals, monitor status from the peripherals and transfer data to 
and from the peripherals. Data formatting and message protocol 
stripping is also usually performed. In addition, general purpose 
utility functions supporting I/O operations are often provided. 

PRODUCT OVERVIEW 

The RM 65 I/O ROM contains Initialization, interrupt and I/O 
processing functions to interface AIM 65/40 peripherals to an 
RM 65 Single Board Computer (SBC) based microcomputer 
system. The processing and entry points, in most cases, are 
identical to the AIM 65/40 I/O ROM, to^nable an application 
program developed on the AIM 65/40 Microcomputer to be 
easily transferred to the RM 65 environment for final validation 
and production operation. Source code entry, editing, compila- 
tion and/or assembly, and debugging can be performed on the 
AIM 65/40 Microcomputer with its extensive development aids 
using the AIM 65/40 Debug Monitor/Text Editor and the desired 
language. The AIM 65/40 peripherals connected to the AIM 65/ 
40 SBC module can support development as well as application 
checkout in this configuration. 

In a minimum RM 65 module installation consisting of only the 
RM 65 SBC module (RM65-1000E), the 4K-byte RM 65 I/O 
ROM In one SBC module socket supports an application pro- 
gram In the other SBC module socket for user-defined I/O over 
the SBC module parallel 1/0 port. The addition of one RM 65 
Multifunction Peripheral Interface (MPI) module (RM65-5223E) 
allows interface to an AIM 65/40 Keyboard and either the AIM 
65/40 40-Character Display or AIM 65/40 Video Display Con- 
troller in one configuration, or the AIM 65/40 Graphics Printer 
and a user-defined interface in the other configuration. Instal- 
lation of two RM 65 MPI modules supports both configurations. 

MEMORY MAP 



Address (Hex) 


Contents 


$FFFA-$FFFF 

$F000-$FFF9 

$1000-$1FFF 

$200-$49F 

$F0-$FF 


NMI, RES and IRQ Vectors 

I/O ROM Program 

System I/O 

I/O ROM Vectors, Constants and Variable 

I/O ROM Variables 



FEATURES 

• RM 65 SBC module compatible 

• AIM 65/40 I/O ROM interface compatible 

• ROM resident for Immediate operation 

• Supports AIM 65/40 Peripherals 
—40-Character Display (A65/40-0400) 
—Video Display Controller Module (A65/40-0800) 
—Graphics Printers (A65/40-0600) 
—Standard Keyboard (A65/40-0200) 
—Expanded Keyboard (A65/40-0210) 

• Interrupt Handlers 

—Interrupt Request (IRQ) with befoffe and after user linkage 
—Non-Maskable Interrupt (NMI) with before and after user 

linkage 
—Reset (RES) 
—Break instruction linkage 

• Initialization Functions 

—Cold and warm start variable initialization 
—Autostart linkage to application programs 

• Provide input/output handlers for 
— Keyboard (system terminal) input 
—Display/ printer (system terminal) output 
— Memory Input/output 

—Floppy disk (RM65-5101E) 
—Printer output 

—Interactive user-defined input/output 
— Non-interactive user-defined input/output 
—Null output 

• User-alterable variables 
— Input/output vectors 
—Interrupt vectors 

ORDERING INFORMATION 



D 



Part No. 


Description 


RM65-0110 


RM 65 I/O ROM 


Order No. 


Description 


821 


RM 65 I/O ROM User's Manual* 


Note: 

included with RM65-01 10. 
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RM 65-0122 
RM 65 RUN-TIME BASIC INTERPRETER ROM 



BASIC LANGUAGE 

BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved, internal floating point 
arithmetic handles a wide range of numeric values 
(2.93873588E-39 to 1.70141 183E+38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tioh, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial and logarithmic operations. 

PRODUCT OVERVIEW 

RM 65 Run-Time BASIC, consisting of input formatter, lister, 
interpreter, floating point functions and input/output linkage, is 
contained in an 8K-byte ROM that plugs into an RM65-1000 
Single Board Computer (SBC) or RM65-3216 PROM/ROM 
module for development or run-time operation in the RM 65 
environment. This run-time package allows an application pro- 
gram written in BASIC to be developed on an AIM 65 Micro- 
computer using its on-board peripherals (keyboard, sirigle line 
display and printer) and ROM resident Debug Monitor and Text 
Editor and then transferred to the RM 65 module for run-time 
operation. 

All Input/output functions for use with RM 65 Run-Time BASIC 
are user-provided and link to the application program through 
one or more of the 1 I/O vectors provided in the run-time ROM. 
BASIC words such as LOAD, SAVE, PRINT, INPUT. READ and 
GET link through these vectors to the I/O functions. 

The RM 65 Run-Time BASIC can be used in the development 
mode by user-provided AIM 65 equivalent input/output func- 
tions. In fact, the RM 65 Run-Time BASIC ROM can be installed 
on an RM 65 PROM/ ROM module, the module connected to an 
AIM 65 Microcomputer, the I/O vectors roaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the AIM 65 Microcomputer before 
transferring the application program object code to PROM/ROM. 



LANGUAGE FEATURES 

• BASIC is easy to learn 

• Microsoft BASIC is universally accepted 

• BASIC is widely Used 

• Supports simple and complex statements 

• Floating point arithmetic functions 
—Add, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root 

—Natural logarithm 

• String variables and arrays 

• Integer variables 

• Subroutine calls 

• Conditional expressions 

• User function 

INTERPRETER FEATURES 

• RM 65 Single Board Computer (SBC) module host and/or 
target 

• ROM resident for immediate operation 

• Compatible with indirect statements entered on AIM 65 
Microcomputer with AIM 65 BASIC 

• I/O vectors link to user-provided peripheral drivers 

ORDERING INFORMATION 



Part No. 


Description 


RM65-0122 
A65-020 


RIVI 65 Ruh-time BASIC ROM 
AIM 65 BASIC ROMs 


Order No. 


Description 


810 
221 


RM 65 Run-time BASIC User's Manual' 
AIM 65 BASIC User's Manual' 


Notes: 

1. Included with RM65-01 22. 

2. Included With A65-020. 
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MEMORY MAP 



Address (Hex) 


Contents 


$BOOO-$CFFF 


BASIC Program 


$248-$2DC 


BASIC Input/Output Buffers 


$218-$247 


BASIC Variables 


$200-$217 


BASIC I/O Vectors 




BASIC Variables 



PROM PROGRAMMING 

The application program object code can be programmed 
into a PROM for operation in an OEM or end-user environ- 
ment using an AIM 65 PROM Programmer & CO-ED module 
(A65-901) or an RM 65 PROM Programmer module (RM65- 
2901 E) connected to the AIM 65 Microcomputer. 



STATEMENTS 



Prograin Statements Commands 


String Functions 


DEFFN CLEAR 


ASC 


DIM CONT 


chr$ 


END FRE 


LEFTS 


FOR LIST 


LEN 


GOSUB LOAD 


MID$ 


GOTO NEW 


RIGHT$ 


IF.. .GOTO PEEK 


STR$ 


IF... THEN POKE 


VAL 


LET RUN 




NEXT SAVE 


Arithmetic Functions 


ON. ..GOSUB 


ABS 
ATN 


ON. .: GOTO Input/Output* 


RESTORE ^pl^^ 


COS 
EXP 


RETURN ^ 




STOP "^"^^"^ 

uIr ^^ 

WA?T P™^ 
^^'^ SPC 


INT 
LOG 


RND 
SIN 


TAB 


SGN 


POS 


SQR 




TAN 


•Input/output functions link through I/O vectors to user-defined functions. 
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RM65-0152 
RM 65 RUN-TIME FORTH ROM 



FORTH LANGUAGE 

FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy mariagement, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 

FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages (DO 
. . . LOOP, BEGIN . . . END, IF . . . THEN and IF . . . ELSE 
. . . THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify' addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40 — a distinct advantage over languages like BASIC, where 
all Information must be in decimal. 

In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built-in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without separate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 

FEATURES 

• RM 65 SBC module compatible 

• ROM resident for immediate operation 

• Application oriented 

• Extensible language 

• Over 200 pre-defined functions 

• Interactive compilation 

• Reverse polish notation 

• Compact memory usage 

• Fast execution 

• Easy debugging 

• Stack implementation 

• 16-bit words 

• Built-in structured macro assembler 

• Shortens software development time 

• AIM 65 FORTH compatible 



PRODUCT OVERVIEW 

RM 65 Run-Time FORTH, consisting of primitives, interpreter, 
macro assembler and input/output linkage, Is contained in an 
8K-byte ROM that plugs into an RM65-1000E Single Board 
Computer (SBC) or RM65-3216E PROM/ROM module for 
development or run-time operation in the RM 65 environment. 
This run-time package allows an application program written in 
FORTH to be developed on an AIM 65 Microcomputer with its 
on-board peripherals (keyboard, single line display and printer) 
and ROM-resident Debug Monitor and Text Editor and then 
transferred to the RM 65 module for run-time operation. The 
application program object code can.be programmed into a 
PROM using an A65-901 AIM 65 PROM Programmer & CO-ED 
module or an RM65-2901E PROM Programmer module. 

All input/output functions for use with RM 65 Run-Time FORTH 
are user-provided and link to the application program through 
one or more of the 1 1 I/O vectors provided in the run-time ROM. 
FORTH words such as KEY, EXPECT, EMIT, GET, READ, and 
?IN link through these vectors to the I/O functions. 

The RM 65 Run-Time FORTH can be used in the development 
mode by user-provided AIM 65 equivalent input/output func- 
tions. In fact, the RM 65 Run-Time FORTH ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 
AIM 65 Microcomputer, the I/O vectors loaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the AIM 65 Microcomputer before 
transferring the application program object code to PROM/ROM. 



ORDERING INFORIUATION 



Part No. 


Description 


RM65-0152 

A65-050 

A65-040 


RM 65 Run-Time FORTH ROM 
AIM 65 FORTH ROMs 
AIM 65 Math Package ROM 


Order No. 


Description 


812 
265 
2118 


RM 65 Run-Time FORTH User's Manual"' 

AIM 65 FORTH User's Manual'^' 

AIM 65 Math Package User's Manual*^' 


Notes: 

1. Included with RM65-01 52 

2. Included with A65-050. 

3. Included with A65-040. 
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DEVELOPING FORTH PROGRAMS 

FORTH is built on subroutine-like functions, called "words." 
These words are linked together to form a "dictionary," which 
is the central core of the language. Writing a program in 
FORTH consists of using several predefined words to define 
each new word. Once the new word has been added to the 
system dictionary, it becomes as much a part of the language 
as any other word that has been previously defined. In this 
way new features and extensions can be added by simply 
defining one or more new words. Adding hew features to 
conventional languages like BASIC or Pascal requires the 
language system to be completely reassembled or 
recompiled. 

FORTH is a stack-oriented language, and is programnned in 
Reverse Polish Notation (RPM), the notation that is used in 
Hewlett-Packard scientific calculators. Using a data stack is 
an extremely efficient way of passing variables back and 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 

FORTH programs are developed using "top-down/bottom- 
up" techniques. That is, the programmer begins by defining 
the program in very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, at those levels, working 
back up toward the top of the program, in pyramid fashion. 
Each sub-module is a starid-alone component of the pro- 
gram, and can be completely debugged without having the 
complete program in the system. 



FLOATING POINT FUNCTIONS 

The RM 65 Run-Time FORTH ROM contains both a single- 
(1 6-bit) and double- (32 -bit) precision integer arithmetic 
capability. In RM 65 applications where floating point arith- 
metic is desired, the AIM 65 Math Package ROM may be 
used in conjunction with the run-time FORTH ROM. The 
application program can be developed on an AIM 65 Micro- 
computer with both AIM 65 FORTH and AIM 65 Math Package 
ROMs installed. A math package ROM must then be installed 
in the RM 65 SBC or PROM/ROM module for run-time 
operation of the application program along with the RM 65 
Run-Time FORTH ROM. 



MEMORY MAP 



Address (Hex) 


Description 


$DOOO-$DFFF 


Math Package Program 


$BO0O-$CFFF 


FORTH Program 


$300-$31E 


I/O Vectors 


$280-$2FF 


Terminal Input Buffer 


$26C-$27F 


Math Package Variables 


$200-$257 


FORTH User Variables 


$AB-$C4 


Math Package Variables 


$10-$AA 


FORTH Variables 



FORTH WORDS 

STACK MANIPULATION 

DUP 

2DUP 

DROP 

2DR0P 

SWAP 

OVER 

ROT 

-DUP 

>R 

R> 

R 

PICK 

SP@ 

RP@ 

BOUNDS 

■S 



Duplicate top of stack. 
Duplicate top) two stack items. 
Delete top of Stack. 
Delete top two stack items. 
Exchange top two stack Items. 
Copy second Item to top. 
Rotate third item on top. 
Duplicate only if non-zero 
Move top item to return stack. 
Retrieve item froni return stack. 
Copy top of return stack onto stack. 
Copy the nth item to top. 
Return address of stack position 
Return address of return stack pointer. 
Convert "adidress count" to "end- 
address start-address." 
Print contents of stack. 



DEFINING WORDS 

:<name> 

VARIABLE <name> 

CONSTANT <name> 
CODE <name> 
;CODE 

<BUILDS . . . DOES> 

USER 



Begin colon definition of <name> . 

End colon definition. 

Create a variable <name> with initial 

value n; returns address when 

executed. 
Create a constant <name> with value 

n; returns value when executed. 
Begin definition of assembly-language 

primitive operation <name>. 
Used to create a new defining word, 

with execution-time "code routine" for 

this data type in assembly. 
Used to create a new defining word, 

with execution-time routine for this 

data type in higher-level FORTH. 
Create a user variable. 



IMEMORY 




@ 


Fetch value addressed by top of stack. 


1 


Store n1 at address n2. 


c@ 


Fetch one byte only. 


CI 


Store one byte only. 


? 


Print contents of address. 


+ 1 


Add second number on stack to 




contents of address on top. 


CMOVE 


Move n3 bytes starting at address n1 to 




area starting at address n2. 


FILL 


Put byte nS into n2 bytes starting at 




address n1 . 


ERASE 


Fill n2 bytes in memory with zeroes, 




beginning at address n1 . 


BLANKS 


Fill n2 bytes in memory with blanks, 




beginning at address n1. 


TOGGLE 


Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


DECIMAL 


Set decimal base. 


HEX 


Set hexadecimal base. 


BASE 


Set number base. 


DIGIT 


Convert ASCII to binary. 





The number zero. 


1 


The number one. 


2 


The number two. 


3 


The number three. 
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FORTH WORDS (CONTD) 

ARITHMETIC AND LOGICAL 



CONTROL STRUCTURES 



D+ 



I 

MOD 
/MOD 
•/MOD 



./ 

u. 



u/ 

M* 



M/ 
M/MOD 



MAX 
MIN 
+ - 
D+ - 
ABS 
DABS 

NEGATE 
DNEGATE 

S- >D 

1 + 

2 + 

1 - 

2 - 
AND 
OR 
XOR 



Add. 

Add double-precision numbers. 

Subtract (nl - n2) 

Multiply. 

Divide (n1/n2). 

Modulo (i.e., remainder from division). 

Divide, giving remainder and quotient. 

Multiply, then divide (n1.n2/n3), with 

double intermediate. 
Like -/MOD, but give quotient only. 
Unsigned multiply leaving double 

product. 
Unsigned divide. 
Signed multiplication leaving double 

product. 
Signed remainder and quotient from 

double dividend. 
Unsigned divide leaving double quotient 

and remainder from double dividend 

and single divisor. 
Maximum. 
Minimum. 
Set sign. 

Set sign of double-precision number. 
Absolute value. 
Absolute value of double-precision 

number. 
Change sign. 
Change sign of double-precision 

number. 
Sign extend to double-precision 

number. 
Increment value on top of stack by 1 . 
Increment value on top of stack by 2. 
Decrement value on top of stack by 1 . 
Decrement value on top of stack by 2. 
Logical AND (bitwise). 
Logical OR (bitwise) 
Logical exclusive OR (bitwise). 



COMPARISON OPERATORS 



True if n1 less than n2. 

True if nl greater than n2. 

True if top two numbers are equal. 



0< 


True if top number negative. 


0= 


True if top number zero. 


u< 


True if u1 less than u2. 


NOT 


Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(<comment>) 


Begin comment (terminate by right 




parentheses on same line). 


CFA 


Alter PFA to CFA. 


NFA 


Alter PFA to NFA. 


PFA 


Alter NFA to PFA. 


LFA 


Alter PFA to LFA. 


LIMIT 


Top of memory. 


QUIT 


Clear return stack and return to 




terminal. 



DO . . . LOOP 
DO . . . +LOOP 



LEAVE 

BEGIN . . . UNTIL 

BEGIN . . . WHILE 

. . . REPEAT 
BEGIN . . . AGAIN 
IF . . . THEN 



IF . . . ELSE . . . THEN 



END 
ENDIF 



Set up loop, given index range. 
Like DO . . . LOOP, but adds stack 

value to index. 
Place current index value on stack. 
Terminate loop at next LOOP or 

+LOOP. 
Loop back to BEGIN until true at 

UNTIL. 
Loop while true at WHILE, REPEAT 

loops unconditionally to BEGIN. 
Unconditional loop. 
If top of stack true, execute following 

clause THEN continue; otherwise 

continue at THEN. 
If top of stack true, execute ELSE 

clause THEN continue; othenwise 

execute following clause, THEN 

continue. 
Alias for UNTIL. 
Alias for THEN. 



COMPILER-TEXT INTERPRETER 



[COMPILE] 
COMPILE 

LITERAL 
DLITERAL 

EXECUTE 



Force compilation of IMMEDIATE word. 
Compile following <name> into 

dictionary. 
Compile a number into a literal. 
Compile a double-precision number into 

a literal. 
Execute the definition on top of stack. 
Suspend compilation, enter execution. 
Resume compilation. 



DICTIONARY CONTROL 



CREATE 


Create a dictionary header. 


FORGET 


FORGET ail definitions from <name> 


HERE 


on. 
Returns address of next unused byte in 




the dictionary. 


ALLOT 


Leave a gap of n bytes in the 




dictionary. 


TASK 


A dictionary marker. 


' 


Find the address of <name> in the 




dictionary. 


- FIND 


Search dictionary for <name>. 


DP 


User variable containing the dictionary 




pointer. 


C, 


Store byte into dictionary. 


, 


Compile a number into the dictionary. 


PAD 


Pointer to temporary buffer. 


IMMEDIATE 


Force execution when compiling. 


INTERPRET 


The Text Interpreter executes or 




compiles. 


LATEST 


Leave name field address (NFA) of top 




word in CURRENT. 


LIT 


Place 16-bit literal on the stack. 


CLIT 


Place byte literal on the stack. 


LITERAL 


Compile a 16-blt literal. 


SMUDGE 


Toggle name SMUDGE bit. 


STATE 


User variable containing compilation 




state. 
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FORTH WORDS (CONT'D) 



USER VARIABLES (See Note 1) 



OUTPUT FORMATTING (CONT'D) 



U7TERMINAL 


User variable for 9TERMINAL (See 


# 


Convert next digit of double-precision 




Note 2.) 




number and add character to output 


UABORT 


User variable for ABORT. 




string. 


UB/BUF 


User variable for B/BUF. 


#S 


Convert all significant digits of double- 


UB/SCR 


User variable for B/SCR. 




precision number to output string. 


UC/L 


User variable for C/L 


SIGN 


Insert sign of n into output string. 


UEMIT 


User variable for EMIT. 


#> 


Terminate output string (ready for 


UFIRST 


User variable for FIRST. 




TYPE). 


UKEY 


User variable for KEY. 


HOLD 


Insert ASCII character into output 


ULIMIT 


User variable for LIMIT. 




string. 






HDL 


Hold pointer, user variable. 


MONITOR & CASSETTE I/O (See Note 1) 


- TRAILING 
.LINE 


Suppress trailing blanks. 

Display line of text from mass storage. 


COLD 


AIM 65 FORTH cold start. 


COUNT 


Change length of byte string to type 




(See Note 2.) 




form. 


MON 


Exit to AIM 65 Monitor. (See Note 2.) 




Print number on top of stack. 


CHAIN 


Chain tape file. 


.R 


Print number n1 right justified n2 


CLOSE 


Close tape file. 




places. 


?IN 


Set to active input device (AID). 


D. 


Print double-precision number n2 n2. 


?OUT 


Set to active output device (AOD). 


D.R 


Print double-precision number n2 n1 


GET 


Input a character from the AID. 




right justified n3 places. 


PUT 


Output a character to the AOD. 


DPL 


Number of digits to the right of decimal 


READ 


Input n2 characters from AID to 




point. 



WRITE 



SOURCE 
FINIS 



address n1. 
Output n2 characters to AOD at 

address n1. 
Compile from the AID. 
Terminate complete fronn SOURCE. 



VOCABULARIES* 



INPUT-OUTPUT (See Note 1). 



-CR 

CR 

SPACE 

SPACES 

CLRLINE 

DUMP 
TYPE 

7TERMINAL 
KEY 
EMIT 
EXPECT 

WORD 

IN 

BAUD 

BL 

C/L 
TIB 

QUERY 
ID. 

HANG 



Output CR to printer only. 
Carriage return. 
Type one space. 
Type n spaces. 
Output a CTRL B. 
Print text string (terminated by "). 
Dump n2 words starting at address- 
Type string of n1 characters starting at 

address n2. 
True if terminal break request present. 
Read key, put ASCII value on stack. 
Output ASCII value from stack. 
Read n1 characters from input to 

address n2. 
Read one word from input stream, Until 

delimiter. 
User variable contained within TIB. 
Set BAUD rate. 
Output a SPACE character. 
Number of characters/line. 
Pointer to terminal input buffer start 

address. 
Input text from terminal. 
Print <name> from name # field 

address (nfa). 
Wait for keystroke. 



OUTPUT FORMATTING (See Note 1) 

NUMBER Convert string at address to double- 

precision number. 
<# Start output string. 

NOTES: 1 . Requires user-provided I/O function. 

2. Requires AIM 65 Monitor ROM be installed. 



CONTEXT 

CURRENT 

FORTH 

ASSEMBLER 

DEFINITIONS 

VOCABUURY 
VLIST 

VOC-LINK 
VIRTUAL STORAGE 

LOAD 

BLOCK 

B/BUF 

B/SCR 
BLK 

SCR 

UPDATE 
FLUSH 

EMPTY-BUFFERS 

+BUF 

BUFFER 

RW 

USE 

PREV 

FIRST 
OFFSET 

. -> 

;S 



Returns address of pointer to 

CONTEXT vocabulary. 
Returns address of pointer to 

CURRENT vocabulary. 
Main FORTH vocabulary. 
Assembler vocabulary. 
Set CURRENT vocabulary to 

CONTEXT. 
<name> Create new vocabulary. 

Print names of all words in CONTEXT 

vocabulary. 
Most recently defined vocabulary. 



Load mass storage screen (compile or 

execute). 
Read mass storage block to memory 

address. 
System ponstant giving mass storage 

block size in bytes. 
Number of blocks/editing screen. 
System variable containing current 

block number. 
System variable containing current 

screen number. 
Mark last buffer accessed as updated. 
Write all updated buffers to mass 

storlge. 
Erase all buffers. 
Increment buffer address. 
Fetch next memory buffer. 
User read write linkage. 
Variable containing address of next 

buffer. 
Variable containing address of latest 

buffer. 
Leaves address of first block buffer. 
User variable block offset to mass 

storage. 
Interpret next screen. 
Stop interpretation. 
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FORTH WORDS (CONT D) 



PRIMITIVES 




SECURITY 


GBRANCH 


Run-time conditional branch. 


iCSP 


BRANCH 


Run-time unconditional branch. 




ENCLOSE 


Text scanning primitive used by WORD. 


?COMP 


RO 


Location of Return Stack. 


?CSP 


SO 


Location of Parameter Stack. 


7ERR0R 


RP! 


Initialize Return Stack. 


7EXEC 


SPI 


Initialize Parameter Stack. 


7PAIRS 


NEXT 


The FORTH virtual machine. 


?STACK 
ABORT 
ERROR 

MESSAGE 
WARNING 
FENCE 
WIDTH 



Store stack position in check stack 

pointer. 
Error if not compiling. 
Check stack position. 
Output error message. 
Not executing error. 
Conditional not paired error. 
Stack out of bounds error. 
Error; operation terminates. 
Execute error notification and restart 

system. 
Displays message. 
Pointer to message routine. 
Prevents forgetting below this point. 
Controls significant characters of 

<name>. 



MATH PACKAGE FORTH WORDS (A65-040r 



FLOATING POINT ARITHMETIC 



F+ 
F- 



F* 

F/ 



Adds two floating point numbers. 
Subtracts one floating point number 

from another floating pbint number. 
Multiplies two floating point numbers. 
Divides one floating point number by 

another floating point number. 



UTILITY, SIGN AND COMPARISONS 



FABS 


Takes the absolute value of a floating 




point number. 


INT 


Truncates a floating point number to an 




integer. 


SGN 


Converts the sign of a floating point 




number to a floating point number. 


FSIGN 


Gets a value corresponding to the sign 




of a floating point number. 


FCOMP 


Compares the value of a compacted 




number in memory to a floating point 




number. 


POLYNOMIAL 




POLY 


Evaluates a polynomial with 




consecutive exponents. 


POLYODD 


Evaluates a polynomial with odd 



exponents. 
EXPONENTIAL AND LOGARITHMIC 



SQR 

> 

EXP 
LOG 

LN 



Takes the square root of a floating point 

number. 
Raises one floating point number to the 

power of another floating point 

number. 
Raises the transcendental number e to 

the power of a floating point number. 
Computes the logarithm to the base 10 

(i.e., common log) of a floating point 

number. 
Computes the logarithm to the base e 

(i.e., natural log) of a floating point 

number. 



USER VARIABLE 

MIN-WIDTH 

DEC-LENGTH 



Specifies the minimum field width to be 

output. 
Specifies the number of places to the 

right of the decimal point to be 

output. 



ASCII/FLOATING POINT CONVERSIONS 



FIN 



FOUT 



Converts a number in memory from 
ASCII to floating point format. 

Converts a number from floating point 
to ASCII. 



FORMAT CONVERSION AND DATA MOVING 



M>F 
F>M 

M>A 
S>A 
S>F 
F>S 



Unpacks the compacted number in 

memory to floating point. 
Packs the floating point number to 

compacted format and stores the 

result in memory. 
Unpacks the floating point number in 

memory. 
Converts an integer to floating point 

format. 
Converts an integer to floating point 

format. 
Converts a number from floating point 

to an integer. 



TRIGONOMETRIC AND UNITS CONVERSION 



SIN 

COS 

TAN 

ARCTAN 

DEGREES 

RADIANS 



Calculates the sine of a floating point 

number (in radians). 
Calculates the cosine of a floating point 

number (in radians). 
Calculates the tangent of a floating 

point number (in radians). 
Calculates the arc tangent of a floating 

point number. 
Converts a floating point number from 

radians to degrees. 
Converts a floating point number from 

degrees to radians. 



•Requires AIM 65 FORTH or RM 65 Run-Time FORTH be resident. 
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RM 65 PROM PROGRAMMER MODULE 



RM 65 MICROCOMPUTER MODULES 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC, and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 Module products use a motherboard interconnect con- 
cept In which any card can be inserted In any slot. The 64-line 
RM 65 Bus offers memory addressirig up to 128K bytes, pro- 
vides high immunity to electrical noise and includes growth pro- 
visions for user functions. A selection of card cages allows 
packaging flexibility. RM 65 products may also be used with 
Rockwell AIM 65 and AIM 65/40 Microcomputers for product 
development and for a broad variety of portable or desktop 
microcomputer applications. 

PRODUCT OVERVIEW 

The RM 65 PROM Programmer module in conjunction with an 
AIM 65 or AIM 65/40 Microcomputer, programs industry stan- 
dard 1K-, 2K-, 4K- and 8K-byte EPROMs (ultra-violet light eras- 
able prograriimable read-only memories) and 2K-byte EEROMs 
(electrically erasable programmable read-only memories). The 
rnbdule consists of an RM 65 module and a PROM socket 
module connected together by a 24-inch ribbon cable. A 28-pJn 
Zero Insertion Force (ZIF) socket mounted on the PROM socket 
module allows installation of a 28-pin or 24-pln PROM. The 
PROM socket module may be installed in various desk-top 
enclosure or front panel arrangements for development, end- 
user or OEM installation. 



FEATURES 

• RM 65 bus compatible 

• Compact size RM 65 module— about 100 mm x 160 mm 
(4 in. X 6V4 in.) 

• Separate PROM socket module with 

— 28-pin Zero Insertion Force (ZIF) socket 

— Mounting holes for enclosure or panel. Installation 

—Connecting 24-inch cable to RM 65 module 

• Programs 1K-byte to 8K-byte UV EPROMs 
— 1K-byte:2508, 2758 

—2K-byte: 2516, 2716 

— 4K-byte: 2532, 2732, 2732A 

— 8K-byte: 2564. 2764, 68764 

• Erases and programs 2K-byte EEROMs 

— 2K-byte: R5213/2816, 5213, 2816, 48016 

• On-board 8K-byte ROM contains programming functrans 
compatible with both 

—AIM 65 Microcomputer Monitor 

—AIM 65/40 Microcomputer I/O and Monitor 

• Easy-to-use interactive commands 

—PROM interface (check, program, read, verify) 
—RAM preparation (fill and invert) 

—Utility functions (command and PROM type menu, PROM 
type selection, toggle verify mode, etc.) 

• Verify during or after programming 

• +5V only operation (on-board DC/DC converter) 

• Fully assembled and tested with one year warranty 




RM65-2901E PROM Programmer Module 



Document No. RMA65N28 
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ORDERING INFORMATION 



Part No. 


Description 


RM65-2901E 


PROM Programmer Module 


Order No. 


Description 


820 


PROM Programmer Module User's Manual* 


Note: 

included with RM65.2901E. 



FUNCTIONAL DESCRIPTION 

RM 65 Module 

The Data Transceivers invert and transfer 8-bits of parallel data 
between the PROM Programmer module and the RM 65 data 
bus when enabled by the Chip Select Decoder. The read/write 
line from the RM 65 bus determines the direction of data flow. 
During a write operation, data is transferred from the bus to the 
module; during a read operation, data is transferred from the 
module to the RM 65 bus. 

The Control Signal Buffers invert and transfer the phase 2, read/ 
write, bank address and reset signals from the RM 65 bus to 
the module. The bus active signal is also driven to the RM 65 
bus when data is being transferred between the RM 65 bus and 
the module. 

Address Signal Buffers invert and transfer signals from 13 
address lines from the RM 65 bus to the module. 

The Chip Select Decoder, in conjunction with Base Address 
Select, Bank Select and Bank Select Enable switches and the 
ROM Range Select jumper decodes the address from the RM 
65 bus and generates enable signals to other major on-board 
circuits. When the address matches the I/O Base Address 
switch positions, one of two Octal Latches, the on-board R6522 
Versatile Interface Adapter (VIA), the Digital-to-Analog Con- 
verter (DAC) and/or the Data Bus Transfers are enabled. When 
the address matches the ROM Base Address switch positions 
and ROM Range Selection jumper position, the on-board pro- 
gram ROM is enabled along with the Data Bus Transceivers. 

Bank Select and Bank Select Enable switches assign the module 
to one or two 65K-byte memory banks. The Bank Select Enable 
switch assigns the module to be active in common memory 
(both Bank and 1) or in the bank selected by the Bank Select 
switch (either Bank or 1). 

There are eight Base Address switches; four switches assign 
the on-board ROM base address to a 4K-byte boundary and five 
assign the I/O base address to a page (256 bytes) within the 
ROM base address. 

The ROM Range Select jumper indicates that no ROM, a 4K- 
byte ROM or an 8K-byte ROM, Is installed on-board. 



An 8K-byte ROM containing the PROM Programmer computer 
program instructions is installed on the module. One-half of the 
ROM contains programming functions, memory mapped at 
$7100-$7FFF, which operate in conjunction with the AIM 65 
Monitor firmware. The other half of the ROM is memory mapped 
at $D100-$DFFF and contains programming functions compat- 
ible with the AIM 65/40 I/O and Monitor ROMs. A jumper selects 
which 4K-bytes (upper or lower), or if the entire 8K-bytes, of the 
ROM socket are to be addressed. 

The R6522 VIA transfers 8-bit data between the RM 65 data 
bus and the PROM data lines and controls programming voltage 
levels. During PROM programming, the VIA transfers data from 
the Data Transceivers for writing into the PROM and during a 
PROM read, verify or check function, the VIA reads data from 
the PROM. During PROM programming, the VIA issues control 
signals to the Power Multiplexer, the Misplaced PROM Detector, 
and the Vpp Rise/Fall Time Controller. 

The Programmable Voltage Regulator, consisting of the 8-bit 
DAC, a Vpp Rise/Fall Time Controller, a DC/DC Converter and 
an Analog Buffer, generates the Vpp programming voltage. The 
DAC outputs a voltage proportional to Vpp for the selected 
PROM type as controlled by 8-bit data received from the RM 65 
data bus. The DAC output voltage is amplified to thfe full Vpp 
level, mixed with the rise or fall time control signal, clamped to 
minimum Vpp level, and output to the Analog Buffer. The +5 
to +32V DC/DC Converter provides the high voltage used in 
the second stage of amplification. The Analog Buffer amplifies 
the Vpp current for use by the Power Multiplexer. 

The Power Multiplexer selects the proper voltage level to output 
to the PROM during a programming or read operation as con- 
trolled by signals from the VIA and Octal Latch A. The output 
voltage is selected from TTL high, TTL low, Vcc and the Vpp 
output from the Analog Buffer. The correct voltage is selected 
by VIA output control lines. 

The Misplaced PROM Detector determines if a 24-pin PROM 
has been offset by one or two pin positions when Installed in 
the 28-pin ZIF socket on the PROM module. The detected state 
is input to the VIA and sampled by the programming firmware 
to prevent application of programming voltage to a misplaced 
PROM. 

The two Octal Latches, A and B, transfer addresses from the 
Address Buffers to the PROM during PROM access operations. 
The levels of three programming voltages output by the Power 
Multiplexer to the PROM are also controlled by Octal Latch A. 

PROM Socket Module and Interface Cable 

A 28-pin Zero Insertion Force (ZIF) socket is mounted on a 
3-inch X 3-inch PROM socket module and connected to the RM 
65 module by a 24-inch ribbon cable. The socket module has 
mounting holes and may be installed in any orientation. The 28- 
pin ZIF socket allows installation of 24-pin PROMs as well as 
28-pin PROMs. 
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PROM PROGRAM COMMANDS 

Computer program routines to operate the PROM Programmer 
module are provided in an 8K-byte ROM Installed on the RM 65 
module. One of the two versions of the resident firmware is 
jumper selectable upon installation to operate with either the 
AIM 65 or the AIM 65/40 I/O and Monitor firmware. Easy-to-use 
interactive commands perform PROM interface functions (check, 
program, read and verify), RAM preparation functions (fill and 
invert) and utility functions (e.g., command and PROM type 
menus, toggle verification mode, and change PROM type). 
Many Monitor commands are directly linked to the PROM Pro- 
grammer command level for ease of operation. 

PROM Programmer commands are invoked from a command 
enty level mode similar to the AIM 65 and 65/40 Debug Monitor 
operation. Initial entry and re-entry functions from the Debug 
Monitor provide operator initialization flexibility. The commands 
listed below can then be selected by single keystrokes. Sub- 
prompts displayed upon command selection request entry of 
information pertinent to the specific function. Once initiated, 
each function operates automatically until successful comple- 
tion or upon termination due to a detected error. 



PROM PROGRAMMER FUNCTIONS 



Command 


Function 


C 


Check PROM 


P 


Program PROM 


R 


Read PROM 


V 


Verify PROM 


S 


Check Memory 


A 


Alter Memory 


1 


Invert Memory 


? 


Display Menu 


E 


Erase EEROM 


N 


Change PROM Type 


'T 


Toggle Verify Mode 


X 


Exit 


L 


Load with Offset 


D 


Dump with Offset 



The RM 65 Floppy Disk Controller (FDC) Module and DOS 1.0 
functions may also be used in conjunction with the PROM Pro- 
grammer to simplify file handling during PROM programming or 
read operations. 
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8/ 
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1/ 
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1/ 
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PROM Programmer Module BIdck Diagram 
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PROM Socltet Pin Assignment 








Connector 


28-pin PROM 






Connector 


28-pin PROM 






J1(P2) 


Soclcet Pin 


Signal 




J1(P2) 


Socket Pin 


Signal 




Pin No. 


Number 


Symbol 


Signal Name 


Pin No. 


Number 


Symbol 


Signal Name 


3, 5, 10, 


14 


GND 


Ground 


16 


11 


GO 


Data Bit 


15,24,26, 








17 


12 


Q1 


Data Bit 1 


28, 30, 32, 








18 


13 


Q2 


Data Bit 2 


35, 37, 39 
























19 


15 


03 


Data Bit 3 


1,40 


28 


VCC 


PROM Supply Voltage 


20 


16 


04 


Data Bit 4 


2 


1 


VPP 


Programming Voltage 


21 


17 


05 


Data Bit 5 


4 


2 


A12 


Address Bit 12 


















22 


18 


06 


Data Bit 6 


6 


3 


A7 


Address Bit 7 


















23 


19 


07 


Data Bit 7 


7 


4 


A6 


Address Bit 6 










8 


5 


A5 


Address Bit 5 


25 


20 


PE 


Chip, Enable 










27 


21 


A10 


Address Bit 10 


9 


6 


A4 


Address Bit 4 










11 


7 


A3 


Address Bit 3 


29 


22 


OE 


Output Enable 










31 


23 


A11 


Address Bit 1 1 


12 


8 


A2 


Address Bit 2 


















33 


24 


A9 


Address Bit 9 


13 


9 


A1 


Address Bit .1 


















34 


25 


A8 


Address Bit 8 


14 


10 


AO 


Address Bit 


















36 


26 


A13 


Address Bit 13 










38 


27 


PGM 


Program 







RM 65 Bus Pin Assignments 






Bottom (Solder Side) 




Top (Component Side) | 


Signal 
Mnemonic 


Signal Name 


Pin 


Pin 


Signal 
Mnemonic 


Signal Name 


GND 


Ground 


la 


1c 


+5V 


+5Vdc 


BADR/ 


Buffered Bank Address 


2a 


2c 


BA15/ 


Buffered Address Bit 15 


GND 


Ground 


3a 


3c 


BA14/ 


Buffered Address Bit 14 


BA13/ 


Buffered Address Bit 13 


4a 


4C 


BA12/ 


Buffered Address Bit 12 


BA11/ 


Buffered Address Bit 1 1 


5a 


5C 


GND 


Ground 


BA10/ 


Buffered Address Bit 10 


6a 


6c 


BA9/ 


Buffered Address Bit 9 


BA8/ 


Buffered Address Bit 8 


7a 


7c 


BA7/ 


Buffered Address Bit 7 


GND 


Ground 


8a 


8c 


BA6/ 


Buffered Address Bit 6 


BA5/ • 


Buffered Address Bit 5 


9a 


9c 


BA4/ 


Buffered Address Bit 4 


BA3/ 


Buffered Address Bit 3 


10a 


10c 


GND 


Ground 


BA2/ 


Buffered Address Bit 2 . 


11a 


. 11c 


BA1/ 


Buffered Address Bit 1 


BAO/ 


Buffered Address Bit 


12a 


12c 


B01 


•Buffered Phase 1 Clock 


GND 
BSO 


Ground 
*Buffered Set Overflow 


13a 
14a 


13c 
14c 


BSYNC 
BDR01/ 


•Buffered Sync 
•Buffered DMA Request 1 


BRDY 

+ 12V/+V 


*Buffered Ready 
* User Spare 1 
*+12Vdc 


15a 
16a 
17a 


15c 
16c 
17c 


GND 
-12V/- V 


Ground 
•-12 Vdc/-V 
•User Spare 2 


GND 


Ground 


18a 


18c 


BFLT/ 


•Buffered Bus Float 


BDMT/ 


*Buffered DMA Terminate 


19a 


19c 


^0 


•Buffered External Phase Clock 




*User Spare 3 


20a 


20c 


GND 


Ground 


BR/W/ 


Buffered Read/Write "Not" 
*System Spare 


21a 
22a 


21c 
22c 


BDR02/ 
BR/W 


•Buffered DMA Request 2 
•Buffered Read/Write 


GND 


Ground 


23a 


23c 


BACT/ 


Buffered Bus Active 


BIRQ/ 
B^2/ 


•Buffered Interrupt Request 
Buffered Phase 2 "Not" Clock 


24a 
25a 


24c 
25c 


BNMI/ 
GND 


•Buffered Non-Maskable Interrupt 
Ground 


B02 


•Buffered Phase 2 Clock 


26a 


26c 


BRES/ 


Buffered Reset 


BD7/ 


Buffered Data Bit 7 


27a 


27c 


BD6/ 


Buffered Data Bit 6 


GND 


Ground 


28a 


28c 


BD5/ 


Buffered Data Bit 5 


BD4/ 


Buffered Data Bit 4 


29a 


29c 


BD3/ 


Buffered Data Bit 3 


BD2/ 


Buffered Data Bit 2 


30a 


30c 


GND 


Ground 


BD1/ 


Buffered Data Bit 1 


31a 


31c 


BDO/ 


Buffered Data Bit 


+5V 


+5Vdc 


32a 


32c 


GND 


Ground 


Note: 

*Not used on 


this module 











RM65-2901E 



PROM Programmer Module 



SPECIFICATIONS 



Characteristics 


Values 


Dimensions 

PROM Programmer Module 

Width 

Length 

Height<^^ 
Weight^3) 

PROM Soclcet Module 
Length 
Height^2) 

Weight (with cable) ^3' 
PROM Programmer Cable 
Length 


100 mm (3.94 in.) 

167 mm (6.58 in.) 

14 mm (0.56 in.) 

184g (6.5 oz.) 

76 mm (3.0 in.) 
35 mm (1.38 in.) 
99 g (3.5 oz.) 

610 mm (24 in.) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°to70°C 

-40°Cto85°C 

0% to 85% (without condensation) 


Power Requirements 


+5V ±5% at 1.1 Atypical 

2.0 A maximum (average) 
2.9 A maximum (peak) 


Connectors/Soclcets 

RM 65 Bus Connector (PI) 

Socket Module Cable Connector (J1) 

PROM Socket 


64-pin plug per DIN 41612 (Rows a and b with c not installed) 
40-pin plug (0.100 In. centers) per DIN 41612, mates with 

3417-7040 (3M) or equivalent 
28-pin, 21 3R27-010 or equivalent 


Notes: 

1. Height value includes the maximum values for component height above the board surface (0.4 in.), printed circuit board thickness (0.062 in.), 
and pin extension through the bottom of the module (0.1 in.). 

2. Height value includes height of Zero Insertion Force Socket lever and cable connector plug thickness. 

3. Total weight of PROM Programmer Module (including PROM Programmer Cable with attached PROM Socket Module) 284 g (10 oz.). 



PROM 
SOCKET 



CABLE 



^r 



'\ r 



T 

VIDTI 

1 



WIDTH 



1 



T 



LENGTH 



[l_j 



I 



J 



WIDTH 



± 



RM 65 MODULE 



172 MM 

(6.8 IN) 

LENGTH 



EUROCARD VERSION 



MATING 

MOTHERBOARD 
AND RECEPTACLE 




HEIGHT d 



=5S*^ 




COMPONENT 
AREA 



EUROCARD V 



iciMi connectorX 

--V ,\ 



■ EUROCONNECTOR 
EXTENSION 



3=SD 



PROM Progrannmer Module Outline 
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RM 65 Microcomputer Family 




RM65-3108E 
RM 65 8K SITVriC RAM MODULE 



RM 65 MICROCOMPUTER MODULES 

the RM65-3108E 8K Static RAM Module is one of the hardware 
options available for the RM 65 Micrcicomputer Module family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6600 
Assembly Language, PLy65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM andean be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card In any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

PRODUCT OVERVIEW 

The RM65-3108E 8K Static RAM Module contains 8192 8-bit 
bytes of Random Access Memory (RAM), in sixteen 2114 static 
RAM devices. The memory is arranged as two separately 
addressable 4K memory sections. The starting address of each 
4K section is selectable by on-board address switches. A Bank 
Select switch allows the RAM module to be assigned to one of 
two 64K memory banks. 



FEATURES 

• Compact size— about 4" x 6V4" (100 mm x 160 mm) 

• Pin and socket bus connectors 

• RM 65 Bus compatible 

• Buffered address, data and control lines 

• Two separately addressable 4K byte sections 

• 16 socketed 2114 static RAM devices 

• Write-protect switch for each memory section 

• ^ank Select and Enable switches 

• +5V operation 

• Fully assembled, tested and warranted. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-3108E 
RM65-3108NE 


8K Static RAM Module 

8K Static RAM Module (without RAM 

devices installed) 


Order No. 


Description 


805 


8K Static RAM Module User's Manual 
(included with RM65-3108E and 
RM65-3108NE) 




D 



RI\A65-3108E 8K Static RAM Module 
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FUNCTIONAL DESCRIPTION 

8K bytes of static 2114 RAM are divided into two separately , 
addressable 4K blocks. Two devices per IK bytes are required 
since each device is 1K x 4 bits. 

The Data Transceivers invert and transfer 8-bits of parallel data 
between the RAM devices and the RM 65 Bus, based on data 
direction signals from the Data Transceiver Control Circuit. 

The Address Buffers invert and transfer 1 6 address bits from 
the RM 65 Bus to the RAM devices, to the Base Address 
Decoders and to the Chip Select Decoder. 

The Control Buffers invert and transfer phase 2 clock and read/ 
write control signals from the RM 65 Bus onto the RAM module, 
and drive the bus active signal onto the RM 65 Bus. 



Base Address Select switch settings. When a match occurs, an 
enable signal is sent to the Chip Select Decoder. 

The Chip Select Decoder uses outputs from the Bank Select 
Control circuit, the Base Address Decoders,, and the PROM/ 
ROM size jumpers as well as address tines A11 and A10 to 
generate one of eight chip select lines to the RAM devices. A 
signal indicating that a chip select line is active is also sent to 
the Write Control and Data Transceiver Control circuits. 

The Write Control circuit generates the write enable signals to 
the RAM devices and to the Data Transceiver Control circuit. 
If the corresponding write protect switch is off, the write enable 
signal is activated. If the Write Protect switch is on, the Data 
Transceivers are disabled. 



The Bank Select Controller detects when the RAM module's 
assigned memory bank is addressed, by comparing the bank 
address signal from the RM 65 Bus to the settings of the Bank 
Select and Bank Select Enable switches. If the addressed bank 
is the same as the selected memory bank, an enable signal is 
sent to the Chip Select Decoder. 



The Data Transceiver Control circuit determines whether a valid 
read or write operation is in progress, and provides transceiver 
enable and data direction signals to the Data Transceivers. The 
Data Transceivers are enabled if both the bank address and the 
address lines correspond to the selected bank and a selected 
base address, respectively. 



Two Base Address Decoders detect when either 4K RAM Sec- 
tion (1 or 2) is addressed, by comparing the address lines to 
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RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Top (Component Side) 




Signal 




Input/ 




Signal 




input/ 


Pin 


Mnemonic 


Signal Name 


Output 


Pin 


IMnemonic 


Signal Name 


Output 


la 


GND 


Ground 




1c 


+6V 


+5 Vdc 




2a 


BADR/ 


Buffered Bank Address 


1 


2c 


BA15/ 


Buffered Address Bit 15 




3a 


GND 


Ground 




3c 


BA14/ 


Buffered Address Bit 14 




4a 


BA13/ 


Buffered Address Bit 13 




4c 


BA12/ 


Buffered Address Bit 12 




\ 5a 


BA11/ 


Buffered Address Bit 11 




5c 


GND 


Ground 




6a 


BA10/ 


Buffered Address Bit 10 




6c 


BA9/ 


Buffered Address Bit 9 




7a 


BA8/ 


Buffered Address Bit 8 




7c 


BA7/ 


Buffered Address Bit 7 




8a 


GND 


Ground 




8c 


BA6/ 


Buffered Address Bit 6 




9a 


BA5/ 


Buffered Address Bit 5 




9c 


BA4/ 


Buffered Address Bit 4 




10a 


BA3/ 


Buffered Address Bit 3 




10c 


GND 


Ground 




11a 


BA2/ 


Buffered Address Bit 2 




11c 


BA1/ 


Buffered Address Bit 1 


1 


12a 


BAO/ 


Buffered Address Bit 




12c 


B^1 


•Buffered Phase 1 Clock 




13a 


GND 


Ground 




13c 


BSYNC 


•Buffered Sync 




14a 


BSO 


•Buffered Set Overflow 




14c 


BDRQ1/ 


•Buffered DMA Request 1 




15a 


BRDY 


•Buffered Ready 




15c 


GND 


Ground 




16a 




•User Spare 1 




16c 


-12V/-V 


•-12Vdc/-V 




17a 


+ 12V/+V 


•+12 Vdc/+V 




17c 




'User Spare 2 




18a 


GND 


Ground Line 




18c 


BFLT/ 


•Buffered Bus Float 




19a 


BDMT/ 


•Buffered DIVIA Terminate 




19c 


B0O 


•Buffered External Phase Clock 




20a 




•User Spare 3 




20c 


GND 


' Ground 




21 a 


BR/W/ 


Buffered Read/Write "Not" 


1 


21c 


BDRQ2/ 


•Buffered DMA Request 2 




22a 




•System Spare 




22c 


BBIW 


Buffered Read/Write 


1 


23a 


GND 


Ground 




23c 


BACT/ 


Buffered Bus Active 





24a 


BIRQ/ 


•Buffered Interrupt Request 




24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 




25a 


Bjrf2/ 


Buffered Phase 2 "Not" Clock 


1 


25c 


GND 


Ground 




26a 


Bfi2 


•Buffered Phase 2 Clock 




26c 


BRES/ 


•Buffered Reset 




27a 


BD7/ 


Buffered Data Bit 7 


I/O 


27c 


BD6/ 


Buffered Data Bit 6 


I/O 


28a 


GND 


Ground 




28c 


BD5/ 


Buffered Data Bit 5 


I/O 


29a 


BD4/ 


Buffered Data Bit 4 


I/O 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


30c 


GND 


Ground 




31 a 


BD1/ 


Buffered Data Bit 1 


I/O 


31c 


BDO/ 


Buffered Data Bit 


I/O 


32a 


+5V 


+5Vdc 




32c 


GND 


Ground 




Note: 












*Noti 


jsed on this mc 


>dule. 









_ 6.8 IN. _ 
(172 MM! 



MATING 
MOTHERBOARD 
AND RECEPTACLE 



F 



-I 




EUROCARD CONNECTOR 
COMPONENT AREA 



-EUROCONNECTOR 
EXTENSION 



l\/lodule Dimensions 



9-23 



RM65-3108E 



8K Static RAM Module 



SPECIFICATIONS 



Parameter 


Value 


Dimensions (See Notes) 
Width 
Length 
Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.3 0Z. (145g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-40°C to +85^C 

0% to 85% (Without condensation) 


Power Requirements 


+5 Vdc ±5% @ 1.0A (5.0W)— Typical 

1 .9A (9.5W)— Maximum 


Access Time 


450 ns— Maximum 


RIM 65 Bus Interface 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thicl<ness (0.062 In.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 



9-24 



RM65-3132E 

RM 65 Microcomputer Family 




RM65-3132E 
RM 65 32K DYNAMIC RAM MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-31 32E 32K Dynamic RAM Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
Family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL765, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

PRODUCT OVERVIEW 

The 32K Dynamic RAM module provides 32K bytes of read/ 
write memory using 16 16K bit x 1 dynamic RAM (DRAM) 
devices. Two bank select switches allow the board to be dedi- 
cated to either one of two 65K Banks, or to be assigned common 
to both banks. A 24-pin DIP header allows each of the eight 4K 
sections to be independently mapped into any 4K block of the 
selected 65K bank. The independent addressing of blocks pro- 
vide flexibility with system memory maps. An on-board switch 
allows the entire board to be write-protected. 

All refreshing of the dynamic RAM chips is automatic and com- 
pletely transparent to the RM 65 Bus, thus providing low power 
performance at no loss of bus speed. 



FEATURES 

• Compact size — about 4" x GVa" (100 mm x 160 mm) 

• Pin and socket bus connection 

• RM 65 bus compatible 

• Buffered data, address, and control lines 

• Internal Refresh controller is completely transparent to the 
RM 65 bus 

• On-board switch allows write protection 

• Base Address Header allows each 4K memory section to be 
assigned to any 4K block as a selected bank 

• Bank select switches allow the entire board to be mapped 
into either or both 65K banks 

• On-board DC-DC converter for -5 volt power supply 

• Requires +5 and +12 volt power from the RM 65 bus 

• Fully assembled, tested, and warranted. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-3132E 
RM65-3132NE 


32K Dynamic RAM Module 

32K Dynamic RAM Module (without RAM 

devices installed) 


Order No. 


Description 


808 


32K Dynamic RAM Module User's Manual 
(included with RM65-3132E and 
RM65-3132NE) 




D 



RM65-3132E 32K Dynamic ItAM Module 



Document No. RMA65N11 
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Data Sheet Order No. RM11 
Rev. 2, June 1983 



F4M65-3132E 



32K Dynamic RAM Module 



FUNCTIONAL DESCRIPTION 

The Data Transceivers invert and transfer 8-bit parallel data 
between the selected DRAMs to the RM 65 bus. During a read 
operation, data from the DRAMs are latched and driven by the 
transceivers onto the RM 65 bus. During a write operation, data 
from the RM 65 bus drives the DRAMs. The transceivers are 
disabled when the rriodule is not addressed. 

The Address Buffers invert and transfer 16-bit parallel address 
lines from the RM 65 bus into the DRAM Module. 

The Bank Select Control circuit detects when the DRAM module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
Oor Bank 1). 

The Control Buffers buffer the control and timing signals used 
from the RM 65 bus. 

The DRAM devices require 3 voltages. Two of these (+5 and 
+ 12 volts) are available directly froni the RM 65 buS; The third 
voltage (-5 volts) is generated on board with a DC/DC converter. 

The Address Decoder uses the four MSB address lines to 
decode and enable one of 16 lines, each of which correspond 
to 4K blocks. The Base Address Selection Jumpers are placed 
in a 28 pin socket which consists of 16 lines from the Address 
Decoder, four lines from +5 volts, and 8 lines to the Base 
Address Encoder. The Base Address Selection is made by con- 
necting each of the eight encoder inputs to any one of the 16 
decoder outputs or to +5 volts. This allows each 4K block to be 
addressed anywhere in the selected 65K memory bank or dis- 



abled. The Base Address Encoder produces a 3 bit code for the 
enabled line and an additional signal for any line active (Board 
Select). The 3 bit code from the encoder becomes the 3 MSB 
address bits for the Memory Address Multiplexer. The Board 
Select line and a valid Bank Select signal are used to enable 
the Memory Controller and Data Transceivers, as well as create 
a Data Bus Active Signal. 

The Write Control logic uses the Write Protect switch and the 
Read/Write line to enable writing into the DRAMs. If the Write 
Protect switch is off, the Read/Write signal is transferred directly 
to the Memory Controller. If the Write Protect switch is on, the 
Memo»V Controller forces a read operation so that the contents 
of the DRAMs will not be altered. 

The Timing Control generates all the clocks required by the 
Memory Controller, Memory Address Multiplexer, and the 
Refresh Clock. The Refresh Clock generates a refresh cycle for 
every seven RM 65 clock cycles. 

The Memory Controller uses the clocks derived in the timing 
control to sequence the signals to the DRAM devices. During 
normal read or write cycles, the Memory Controller allows Row 
Address, then Column Address information to be applied to the 
addressed DRAMs and generates the read/write signal. When 
a refresh is required, the timing is controlled so that the refresh 
is transparent to the RM 65 bus. 

The Memory Address Multiplexer and Refresh Counter multi- 
plexes Row, Columh, or Refresh Addresses onto the DRAM 
address lines in response to the Memory Controller. There is 
also a Refresh Counter which is incremented by the Refresh 
Clock. 
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RM65-3132E 



32K Dynamic RAM Module 



RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


ia 


GND 


Ground 


1C 


+5V 


+5 Vdc 


2a 


BADFV 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 11 


5C 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


ga 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAG/ 


Buffered Address Bit 


12c 


Bi^1 


* Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


•Buffered Sync 


14a 


BSO 


*Buffered Set Overflow 


14c 


BDRQ1/ 


•Buffered DMA Request 1 


15a 


BRDY 


* Buffered Ready 


15c 


GND 


Ground 


16a 




*User Spare 1 


16c 


-12V/-V 


*-12Vdc/-V 


17a 


+12V/+V 


+12 Vdc/+V 


17c 




•User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


•Buffered Bus Float 


19a 


BDMT/ 


* Buffered DfvIA Terminate 


19c 


BjZfo 


•Buffered External Phase Clock 


20a 




*User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


•Buffered DIvIA Request 2 


22a 




* System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


*Buffered Interrupt Request 


24c 


BNf^l/ 


•Buffered Non-Maskable Interrupt 


25a 


B(Z(2/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B^2 


•Buffered Phase 2 Clock 


26c 


BRES/ 


•Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5 Vdc 


32c 


GND 


Ground 


Note: 








*Not used ( 


jn this module. 
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RM65-3132E 



32K Dynamic RAM Module 



SPECIFICATIONS 



Parameter 


Value 


Dimensions (1,2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


4.5 02. (140 g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-40°Cto +85°G 

0% to 85% (without condensation) 


Power Requirements 


+5 Vdc ±5% 1 .4 A (7.0 W)— Maximum 
+12 Vdc ±5% 170 mA (2.1 W)— Maximum 


RIVI 65 Bus Interface 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-3216E 

RM 65 Microcomputer Family 




RM65-3216E 
RM 65 16K PROM/ROM MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-3216E 16K PROM/ROM Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be devebped in R6500 
Assembly Language, PLy65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

PRODUCT OVERVIEW 

The RM 65 16K PROM/ROM Module has eight, 24-pin sockets 
to accept up to 16K bytes of either programmable read-only 
memory (PROM) or masked read-only meinory (ROM) devices. 
On-board jumpers permit selection of 2K, 4K or 8K byte PROM/ 
ROM devices. Switches allow setting of the starting address for 
Independent 4K byte blocks of memory. All 16K bytes can be 
assigned to two memory banks, or 8K can be assigned to 
common merhory while the other 8K can be dedicated to one 
or two 65K memory banks. Low power operation is jumper 
selectable for PROMs that have this option. 



FEATURES 

• Compact size — about 4" x 6Va" (100 mm x 160 mm) 

• Pin and socket bus connection 

• RM 65 Bus compatible 

• Buffered address, data and control lines 

• Supports the following PRQMs/ROMs or equivalents: 
Intel 2716 or 2732 PROMs 

Tl TMS 251 6 or 2532 PROMs 

Rockwell R2316, R2332 or R2364 ROMs 

• Low-power PROM operation selectable by individual socket 
jumpers 

• Jumpers allow selection of 2K, 4K or 8K byte devices 

• Starting address selectable for each of four 4K memory 
blocks 

• Separate switch allows 8K to be dedicated to one or two 
memory bank operation 

• +5V operation 

• Fully assembled, tested and warranted 



ORDERING INFORMATION 



Part No. 


Description 


RM65-3216E 


16K PROM/ROM Module 


Order No. 


Description 


806 


16K PROM/ROM l\;loclule User's Manual 
(Included with RM65-3216E) 




D 



RM65-3216E 16K PROM/ROM Module 



Document No. RMA65N02 
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Data Sheet Order No. RM02 
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RM65-3216E 



16K PROM/ROM Module 



FUNCTIONAL DESCRIPTION 

The PROM/ROM module has eight 24-pin sockets which can 
accept up to 16K of either 2K, 4K, or 8K PROM or ROM. 

The Data Buffers invert and transfer 8-bits of parallel data from 
the selected PROM/ROM devices to the RM 65 Bus during read 
operations. 

The Control Buffers invert and transfer phase 2 clock, and read/ 
write control signals from the RM 65 Bus onto the PROM/ROM 
module, and drive the bus active signal onto the RM 65 Bus. 

The Bank Select control circuit detects when the PROM/ROM 
module's assigned memory bank is addressed, by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
and Bank Select Enable switches. The Bank Select Enable 
switch allows 8K of the PROM/ROM to be common memory 
(addressable in both Bank and Bank 1) while the remaining 
8K is assigned either to Bank or Bank 1 , as determined by the 
Bank Select switch. 



Four Base Address Decoders allow 4K PROM/ROM sections 
to be independently addressed on any 4K boundary within the 
selected bank. When an address falls within any section (per 
the Base Address switches), an enable signal Is sent to the Chip 
Select Decoder. 

The Chip Select Decoder uses outputs from the Bank Select 
Control circuit, the Base Address Decoders, and the PROM/ 
ROM size jumpers as well as the address lines to generate chip 
selects to the PROM/ROM devices. The PROM/ROM type 
jumpers route the chip select lines to the correct pins on the 
PROM/ROM sockets. 

The Data Buffer Control circuit enables the Data Buffers during 
a read operation when an address corresponding to a selected 
base address is decoded and the selected PROM/ROM memory 
bank is addressed. 
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RM65-3216E 



16K PROM/ROM Module 



RM 65 Bus Pin Assignments | 


Bottom (Solder Side) 


Top (Component Side) 


Signal 




Input/ 






Signal 




Input/ 


Mnemonic 


Signal Name 


Output 


Pin 


Pin 


Mnemonic 


Signal Name 


Output 


GND 


Ground 




la 


1c 


+5V 


+5 Vdc 




BADR/ 


Buffered Bank Address 


1 


2a 


2C 


BA15/ 


Buffered Address Bit 15 




GND 


Ground 




3a 


3c 


BA14/ 


Buffered Address Bit 14 




BA13/ 


Buffered Address Bit 13 




4a 


4c 


BA12/ 


Buffered Address Bit 12 




BA11/ 


Buffered Address Bit 11 




5a 


5c 


GND 


Ground 




BA10/ 


Buffered Address Bit 10 




6a 


6c 


BA9/ 


Buffered Address Bit 9 




BA8/ 


Buffered Address Bit 8 




7a 


7c 


BA7/ 


Buffered Address Bit 7 




GND 


Ground 




8a 


8c 


BA6/ 


Buffered Address Bit 6 




BA5/ 


Buffered Address Bit 5 




9a 


9c 


BA4/ 


Buffered Address Bit 4 




BA3/ 


Buffered Address Bit 3 




10a 


10c 


GND 


Ground 




BA2/ 


Buffered Address Bit 2 




11a 


11c 


BA1/ 


Buffered Address Bit 1 


1 


BAO/ 


Buffered Address Bit 




12a 


12c 


B01 


•Buffered Phase 1 Clock 




GND 


Ground 




13a 


13c 


BSYNC 


•Buffered Sync 




BSO 


* Buffered Set Overflow 




14a 


14c 


BDRQ1/ 


•Buffered DMA Request 1 




BRDY 


•Buffered Ready 




15a 


15c 


GND 


Ground 






*User Spare 1 




16a 


16c 


-12V/-V 


•-12Vdc/-V 




+ 12V/+V 


*+12Vdc/+V 




17a 


17c 




•User Spare 2 




GND 


Ground Line 




18a 


18c 


BFLT/ 


•Buffered Bus Float 




BDMT/ 


* Buffered DMA Terminate 




19a 


19c 


B^ 


•Buffered External Phase Clock 






*UserSpare3 




20a 


20c 


GND 


Ground 




BR/W/ 


•Buffered Read/Write "Not" 


1 


21a 


21c 


BDRQ2/ 


•Buffered DMA Request 2 






*System Spare 




22a 


22c 


BR/W 


Buffered Read/Write 


1 


GND 


Ground 




23a 


23c 


BACT/ 


Buffered Bus Active 





BIRQ/ 


* Buffered Interrupt Request 




24a 


24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 




B02J 


•Buffered Phase 2 "Not" Clock 




25a 


25c 


GND 


Ground 




B)92 


•Buffered Phase 2 Clock 




26a 


26C 


BRES/ 


•Buffered Reset 




BD7/ 


Buffered Data Bit 7 





27a 


27c 


BD6/ 


Buffered Data Bit 6 


o 


GND 


Ground 




28a 


28c 


BD5/ 


Buffered Data Bit 5 





BD4/ 


Buffered Data Bit 4. 





29a 


29c 


BD3/ 


Buffered Data Bit 3 





BD2/ 


Buffered Data Bit 2 


o 


30a 


30c 


GND 


Ground 




BD1/ 


Buffered Data Bit 1 





31a 


310 


BDO/ 


Buffered Data Bit 







Not Connected (See Note) 




Za 


2c 




Not Connected (See Note) 




Note: 

*Not used on t 


he 16K PROM/ROM module. 











SPECIFICATIONS 



Parameter 


Value 


Dimensions (1, 2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.0 0Z. (140g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 

-40°CtO+85"C 

0% to 85% (without condensation) 


Power Requirements 

w/o PROM/ROM Devices 


+5 Vdc ±5% 0.1 7A (0.85W)— Typical 

0.27A (1.35W)— Maximum 


Access Time 


450 nanoseconds (max) 


RM 65 Bus Interface 

Edge Connector Version 
Eurocard Version 


72-pin edge connector (0.100 in. centers) 

64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 

1 . Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41 61 2. 
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16K PROM/ROM Module 
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RM65-3264NE 

RM 65 Microcomputer family 




RM65-3264NE 
UNIVERSAL MEMORY MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-3264NE Universal Memory Module (16K-128K) is 
one of the hardware options available for the RM 65 Microcom- 
puter Module Family. 

RM 65 Microcomputer Modules are designed for OEM and end 
user microcomputer applications when state-of-the-art perfor- 
mance, compact size, modular design, and low cost are required. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PLy65, BASIC, and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 Modules plug into a motherboard designed to accept any 
card in any slot. The 64-line RM 65 Bus accommodates memory 
addressing up to 12€fK bytes, provides high immunity to elec- 
trical noise, and includes growth provisions for user functions. 
A selection of card cages permit packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 or AIM 65/40 
Microcomputers for product development and for portable or 
desktop microcomputer applications. 







FEATURES 

• In the high speed mode, supports Rockwell Design Center 
4 MHz RAM operations 

• In the universal memory mode, supports 2K, 4K, 8K, and 16K 
byte-wide memory devices 

• On-board header and shunt configure the module into a 2K 
to 128K memory space 

• Each half (four device sockets) independently configurable in 
the universal memory mode 

• On-board memory bank select switches assign each half of 
the module to either one Or both of two 64K memory banks 

• On-board ROM select switches serve as write-protect switches 
for each half of the memory in universal memory mode 

• Rockwell RM 65 Bus compatible 

• Compact size — 100 mm x 167 mm (approximately 4 in. x 
6.3 in.) 

• Operates from a single +5V power source 

• Fully assembled (except for user-supplied memory devices), 
tested and warranted 

• Supports 16K of 2K devices, 32K of 4K devices, 64K of 8K 
devices, and 128K of 16K devices in universal memory mode 

• Supports 64K of 8K devices in high speed mode (refer to 
Devices Supported for part numbers) 



OVERVIEW 

Two major capabilities are provided in the Universal Memory 
Module: the flexibility of using 2K, 4K, 8K, or 16K memory 
devices on the module, and use of the memory in either a high- 
speed mode or a universal memory mode. Typical data-transfer 
rates are up to 4 MHz (to support the Rockwell Design Center 
(RDC) System) in the high speed mode and 1- to 2-MHz in the 
universal memory mode. Rates are dependent both on memory 
devices used and system configuration. Memory devices that 
can be used with the module are RAM's, ROM's, EPROM's, and 
EEPROM's. 
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Part No. 


Description 


RIVI65-3264NE 


Universal Memory Module 
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FUNCTIONAL DESCRIPTION 

Data Bus Transceivers buffer and invert data signals BDO/ 
through BD7/. Data signals from the RM 65 Bus pass through 
the bidirectional transceivers into the module daring a write 
operation and out from the module through the transceivers to 
the RM 65 Bus during a read operation. Data in is inverted for 
use in the module, and data out (from the module) is inverted 
for use on the RM 65 Bus. Transfers occur when any of the chip- 
select signals and the J^2 clock pulse are in the active states 
concurrently. Direction of data_flow either into or out of the 
module is controlled by the R/W signal state. 

Address and Control Buffer logic consists of inverters that buffer 
address signals BAO/ through BA13/ and the read/write signal 
BR/W/. These signals are converted to positive signals BAO 
through BA13 and BR/W for use within the module. 

Bank Address Select logic is controlled by the state of the 
BADR/ signal, which functions as a seventeenth address bit. The 
state of the BADR/ signal indicates which of the two 65K memory 
banks is addressed. In the high speed memory mode, the 
module can be configured to operate in either one or both 65K 
memory banks. In the universal memory mode, each half of the 
memory is configurable to either one or both 65K memory 
banks. 

Module Active logic is enabled when any chip-select signal is 
enabled. Thus, when any memory device in either Memory A 
or Memory B is enabled by a chip-select signal, the BACT/, or 
Module Active, signal is in the active state. 

Address signals BA13/, BA14/, and BA15/, in conjunction with 
BO, are decoded by a 3:8 decoder to enable one of eight pos- 
sible outputs. Each output signal in a low state indicates an 8K 
address boundary signal. Thus, the 8K address boundaries are 
$0000, $2000, $4000, . . . $E000. Each of these signals is used 
as a memory chip-select signal during operation of the memory 
in the high-speed mode and as a 2K, 4K, 8K, and 16K decoder 
enabling signal in the universal memory mode. 

By connecting a pin on the Address Header to a specific output 
(chip select) pin from the 8K Decoder, that 8K address boundary 
signal is connected to one specific memory device (in one of the 
eight memory device sockets) only in high speed mode. 

The module can be used either as a high speed memory or as 
a universal memory. The removable 16-pin 8-position shunt is 
placed either in the High Speed Option Shunt socket for high 
speed memory operation, or in the Universal Memory Option 
Shunt socket for universal memory operation. In the high speed 
mode, Memory A Decoder and Memory B Decoder are not 
used, and the address (chip-select) signal from the Address 
Header is applied directly to the applicable Memory A or Memory 
B devices. As a result, decoding time is saved. 

Memory A consists of 2K, 4K, 8K, or 16K memory devices 
installed in the four sockets assigned as Memory A. Memory B 
also consists of memory devices located in four sockets des- 
ignated as Memory B. Thus, the capacity of Memory A or 
Memory B is dependent on the capacity of the memory devices 
installed in each socket. Each of the two groups of four sockets 
can be configured with jumpers to accept one of the four types 
(2K, 4K, 8K, or 1 6K) of memory devices. Each memory device 
in the memory sockets in Memory A or Memory B must have 
the same capacity. 



Device Select A consists of jumpers E3, E4, and E7 through 
E10 determine the particular type memory device (2K, 4K, 8K, 
or 16K) installed in the Memory A sockets. Similarly, Device 
Select B jumpers E5, E6, and Ell through E14 determine 
memory device types in Memory B. 

Memory A Decoder is a programmable array logic (PAL) device 
internally configured to decode a combination of input signals 
and generate one output (chip-select) signal. Memory Decoders 
A and B are used only when the module is being operated in 
the universal memory mode. Both decoders operate in the 
same manner, but only one is used at a time. Thus, when 
Memory A is addressed, Memory Decoder A is used, and 
Memory Decoder B when Memory B is addressed. 



DEVICES SUPPORTED 

In the universal memory mode, the following is a partial list of 
devices supported: 



16K of the following 2K devices: 

R2316 

2716 

2516 

2016 

5516 

6116 

R5213/2816 

X2816 

32K of the following 4K devices: 

R2332 
2732A 
2532 (350ns) 

64K of the following 8K devices: 

R2364A, R2364B 

68A764 

68766 

2764 

5564 

6264 

8464 



ROM-Rockwell 

EPROiyi-lntel 

EPROM-TI 

RAM-Toshiba 

RAM-Toshiba 

RAM-Hitachi 

EEPROM-Rockwell 

EEROM-XICOR 



ROM-Rockwell 
ROM-Intel - 
ROM-TI 



ROM-Rockwell 

EPROM-Motorola 

EPROM-Motorola 

EPROM-Jntel 

RAM-Toshiba 

RAM-Hitachi 

RAM-Fujitsu 



128K of the following 16K devices: 



R23128 
27128 



ROM-Rockwell 
EPROM-lntel 



In the high speed mode, the following is a partial list of devices 
supported: 

64K of the following 8K devices: 

R2364A, R2364B ROM-Rockwell 

68A764 EPROM-Motorola 

68766 EPROM-Motorola 

2764 EPROM-lntel 

5564 RAM-Toshiba 

6264 RAM-Hitachi 

8464 RAM-Fujitsu 
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RM 65 Bus Pin Assignments 



Bottom (Solder Side) | 


Top (Component Side) | 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


la 


GND 


Ground 


1c 


+5V 


+5Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 16 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4C 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 11 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9C 


BA4I 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


1 1c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B01 


•Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


•Buffered Sync 


14a 


BSO 


* Buffered Set Overflow 


14c 


BDRQ1/ 


•Buffered DMA Request 1 


15a 


BRDY 


*Buffered Ready 


15c 


GND 


Ground 


16a 




•User Spare 1 


16c 


-12V/-V 


•-12Vdc/-V 


17a 


+12V/+V 


•+12Vdc/+V 


17c 




•User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


•Buffered Bu^ Float 


19a 


BDMT/ 


* Buffered DMA Terminate 


19c 


B0O 


•Buffered External Phase Clock 


20a 




^ •User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


•Buffered DMA Request 2 


22a 




•System Spare 


22c 


BR/W 


•Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


•Buffered Interrupt Request 


24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 


25a 


B02/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B^2 


Buffered Phase 2 Clock 


26c 


BRES/ 


•Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


4-5V 


+5Vdc 


32c 


GND 


Ground 


Note:* Not uj 


»ed on this module 
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DATA BUS 
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DECODER 
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-y- 



^ 
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-^ 



^ 



-^ 
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SPECIFICATIONS 



Parameter 


Value 


Dlmensions^^'^'^^ 

Width 

Length 

Height 


100 mm (3.94 in.) 
160 mm (6.3 in.) 
14 mm (0.56 in.) 


Weight 


156g(5.5oz.) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-40°Cto85°C 

0% to 85% (without condensation) 


Power Requirements 


5.0V (420 ma. typical, 640 ma. maximum with no memory devices Installed) 


Connector 

RIVI 65 Bus Connector P1 


64-pln plug (0.100 in. centers) per DIN 41612 (Row b not installed)— mates 
with Burndy P196B32R00A00L-9 or equivalent. 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 



167 MIVI 
~ (6.6 IN.) " 

-LENGTH- 



r^ 



p^ 



WIDTH 



EUROCONNEGTOR 
EXTENSION 



H 



MATING 

MOTHERBOARD 
AND RECEPTACLE 



EUROCARD CONNECTOR 
COMPONENT AREA 




Module Dimensions 
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RM65-5101E 

RM 65 FLOPPY DISK CONTROLLER 

(FDC) MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-5101E Floppy Disk Controller Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PU65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 

PRODUCT OVERVIEW 

The RM 65 Floppy Disk Controller (FDC) Module controls up to 
four standard (8") or mini- (5V4") floppy disk drives, single or 
double sided, soft sectored with either single density (FM) or 
double density (MFM) format. Software control of media density 
allows single or double density disks to be used in any con- 
nected drives. 

Two DIP headers configure the FDC to interface with either 
standard or mini-floppy disk drives. An on-board jumper selects 
single or double sided drives and a switch disables on-board 
ROM. The FDC directly interfaces to most popular drives with 
only switch and/or header changes. Bank Select and Bank 
Select Enable switches allow the FDC module to be dedicated 
to one of two 65K memory banks or assigned common to both 
banks. The FDC module I/O can be assigned to any page (256 
bytes) using a standard PROM if the ROM is deselected. 




RM65-5101E Floppy Disk Controller (FDC) Module 



FEATURES 

• Compact size — about 4" x eW' (100 mm x 160 mm) 

• Pin and socket bus connection 

• RM 65 Bus compatible 

• Buffered address, data and control lines 

• Supports single or double sided, standard or mini-floppy disk 
drives 

• Controls up to four disk drives 

• Interfaces directly to Shugart SA-850 or SA-450 disk drives, 
with user options for other popular floppy disk drives 

• Supports single-density IBM 3740 (FM) or double-density 
IBM System 34 (MFM) formats 

• DMA data transfer capability 

• Supports interrupt-drlven or polled operation 

• Bipolar PROM Base Address decoding 

• Switches or jumpers for 

■—Bank Selection to one or two banks 
—Double or Single sided operation 
—Select or deselect ROM 
—Module disable 

• On-board header configures I/O for 8" or SVa" drive interface 

• Fully assembled, tested and warranted 



ORDERING INFORMATION 



Part No. 


Description 


RM65-5101E 

RM65-5101NE 

A65-090 
A65/40-7090 


Floppy Disk Controller (FDC) Module with 

on-board ROM* 

Floppy Disk Controller (FDC) Module 

without on-board ROM 

AIM 65 DOS 1.0 ROM** 

AIM 65/40 DOS 1.0 ROM** 


Order No. 


Description 


802 


FDC Module User's Manual (included with 
RM65-5101E, RM65-5101NE, A66-090 and 
A65/40-7090) 


*ROM contains FDC module primitive subroutines only. 

**ROM contains FDC module primitive subroutines and operator 
selectable file management functions integrated with host com- 
puter I/O functions. 




Document No. RMA65N15 



9-37 



Data Sheet Order No. RM15 
Rev. 2, June 1983 



RM65-5101E 



Floppy Disk Controller (FDC) Module 



FUNCTIONAL DESCRIPTION 

The Data Transceivers Invert and transfer 8-bits of parallel data 
between the FDC module and the RM 65 bus, based on control 
signals from the Base Address Decoder and the Control Buffers. 
The read/write control line determines the direction, while the 
bus active enables the Data Transceivers. 

The Address Buffers invert and transfer 12 of the 16 parallel 
address lines from the RM 65 bus to the Base Address Decoder, 
the Program ROM and the Floppy Disk Controller (FDC) device. 

The Control Buffers invert and transfei' phase 2 clock, reset, and 
read/write control signals from the RM 65 bus onto the module. 

The Bank Select Control circuit detects when the module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch assigns 
the module to be active in common memory (both Bank and 
Bank 1 ) or only in the Bank set by the Bank Select switch (either 
Bank or Bank 1). 

The Interrupt and DMA Control circuit enables operation in 
either an interrupt driven mode or under DMA controL Both 
Interrupt generation and DMA requests can be disabled under 
program control. The DMA request is jumper selectable for 
either of two DMA request lines conhected to the RM 65 bus. 

The Base Address Decoder, with the Base Address Select 
PROM, the Bank Select Control circuit, the ROM Disable switch, 
and the phase 2 and read/write signals control device selection 
on the module. The Base Address Select PROM compares the 
eight most significant address lines to the programmed 
addresses to generate device select signals to the Program 
ROM and the I/O devices. The ROM Disable switch assigns the 
module to be active either in a 256 byte page (disabled) or in 
a 4K byte block (enabled). A separate Module Disable switch 
allows the entire module to be disabled. 

When the ROM is disabled, only the I/O devices are active, in 
the 256 byte page that matches all eight Base Address Select 
bits. For the I/O devices, the three least significant address 
lines, along with the phase 2 clock and read/write control sig- 
nals, drive register select lines to the FDC device, and device 
select lines to the Drive Status Buffer and Drive Control Register. 

When the ROM is enabled, the module is active in the 4K byte 
block that matches the four most significant Base Address 
select bits. The program ROM is selected except when the 
address matches the four least significant Base Address Select 
bits, in which case the I/O device select lines are selected. 

The Controller Clock derives a reference frequency for the FDC 
device from a crystal controlled oscillator. The frequency is 1 
MHz or 2 MHz, depending on the Drive Configuration Header 
position. 

The FDC device, in conjunction with the Data Separator and 
Precompensation Circuitry, interfaces the RM 65 bus to the 
Floppy Disk medium. The circuitry supports SVa" or 8", single 
or double sided disk drives, with choice of single or double den- 



sity, soft sector formats. The FDC features powerful commands, 
including single or multiple record read/write with selectable 
record lengths. Write precompensation circuitry ensures reliable 
data recovery in double density formats. The Precompensation 
jumper selects precompensation on all tracks, only on tracks 44 
and greater, or no precompensation at all. 

The Drive Configuration header selects the I/O connector and 
FDC circuitry for either 5W' mini-floppy or 8" standard floppy 
disk formats. The 50-pin I/O receptacle connects the FDC module 
to a mass terminated cable connected to the installed disk 
drives. A 34-pin cable and mating connector can be used to 
connect the SW mini-floppy drives while a 50-pin cable and 
mating connector is needed to connect to the 8" floppy drives. 

The Drive Status Buffer allows detection of the Drive Configu- 
ration header and Single/Double Sided Drive jumper positions, 
as well as selected density and side Information. 

The Drive Control Register provides control of the side and drive 
selection, motor on, head load, double density, and interrupt 
disable. The Active Side Level jumper allows the use of var- 
ious drives without modification. 

The Ready State Generator provides wait states as required by 
the FDC device. 

The Program ROM contains primitive subroutines to support 
operations with up to four disk drives (single or double side, 
single or double density), including: 



Format a Disk 

Read or Write a Sector 

Seek or Verify Seek of 

a Track 
Restore the Head 



Read or Write Multiple 

Sectors 
Read or Write a Track 
Turn Motors On or Off 
Select or De-select any Drive 



A user-provided program may call these subroutines to build an 
application dependent file-handling system. 



OPTIONAL DISK OPERATING SYSTEM 
(DOS) FIRMWARE 

Two optional ROMs are available that integrate the FDC prim- 
itive subroutines with operator selectable file management func- 
tions for operation on the AIM 65 and AIM 65/40 microcomputers. 
Either of these ROMs may be installed into the PROM/ROM 
socket on the FDC module to provide a firmware based Disk 
Operating System (DOS). 

This version 1.0 ROM-based system offers the same conve- 
nience as the other AIM 65 and AIM 65/40 firmware In that it 
is immediately available for use through the' Debug Monitor/Text 
Editor upon power turn-on. Mass storage operation may, there- 
fore, proceed without waiting for loading of the DOS into RAM. 

Text and program source code may be written to, and read from, 
disk with the Editor LIST (L) and READ (R) commands, respec- 
tively. Similarly, binary data and program object code may be 
written to, and loaded from, disk using the Monitor DUMP (D) 
and LOAD (L) commands, respectively. AIM 65 and AIM 65/40 
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Assembler and P\JG5 files, both source and object code, are 
therefore supported. AIM 65 and AIM 65/40 BASIC programs 
may also be saved on, and loaded from disk. 



The primary DOS commands are: 

Format a Disk 
List the Directory 
List a File 



Delete a File Name 
Recover a File Name 
Backup a Disk 



Files are created automatically upon writing a file to disk. A file 
name (up to 1 characters in length) and the disk drive number 
(from 1 to 8) are operator entered in response to system prompts. 
(Double-sided drives are treated as two separate sides.) 



The disk format function initializes a disk depending upon size, 
density and drive number. 5Va" and 8" disks are initialized to 35 
and 77 tracks, respectively, however these values are user- 
alterable. 



The contents of a file may be listed to another peripheral, 
including a file on another disk drive to allow copying of a file. 
All the active files on a disk may be copied to another disk using 
the backup function. 



A file may be deleted (if active) to prevent it from being accessed 
or recovered (if deleted) to allow it to be accessed. 
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RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


■Mnemonic 


Signal Name 


la 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BAB/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


1 1a 


BA2I 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAG/ 


Buffered Address Bit 


12c 


BJZfl 


•Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


•Buffered Sync 


14a 


BSO 


*Buffered Set Overflow 


14c 


BDRQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




*User Spare i 


16c 


-12V/-V 


•-12Vdc/-V 


17a 


+12V/+V 


+ 12 Vdc 


17c 




•User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


•Buffered Bus Float 


19a 


BDMT/ 


•Buffered DMA Terminate 


19c 


Bi^O 


•Buffered External Phase Clock 


20a 




•User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


Buffered DMA Request 2 


22a 




•System Spare 


22c 


BR/W 


•Buffered Read/Write • 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 


25a 


Bp'a/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B0^ 


•Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4I 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5 Vdc 


32c 


GND 


Ground 


Note: 










•Not used or 


] this module. 
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I/O Connector Pin Assignments 



FDC Module 




Standard Floppy Disk Drive 


IMini-Floppy Disk Drive 


I/O Connector 
Pin 




Interface Cable Connector 


Interface Cable Connector (2) 


Pin 


Signal Name 


Pin 


Signal Name 


2 


2 


Track > 43 (Remex & MFE or equivalents) 






4 


4 


N.C. 






6 


6 


N.C. 






8 


8 


Track > 43 (Caldisk or equivalents) 






10 


10 


N.C. 






12 


12 


N.G. 






14 


14 


2nd Side Select 






16 


16 


N.C. 






18 


18 


Head Load 


2 


N.C. 


20 


20 


Index 


4 


N.C. 


22 


22 


Drive Ready 


6 


Drive Select #4 


24 


24 


N.C. 


8 


Index 


26 


26 


Drive Select #1 


10 


Drive Select #1 


28 


28 


Drive Selegt #2 
DriveSeiii#3 


12 


Drive Select #2 


30 


30 


14 


Drive Select #3 


32 


32 


Drive Select #4 


16 


Motor On 


34 


34 


Direction In 


18 


Direction In 


36 


36 


Step Pulse 


20 


Step Pulse 


38 


38 


Write Data 


22 


Write Data 


40 


40 


Write Gate 


24 


Write Gate 


42 


42 


Track Zero 


26 


Track Zero 


44 


44 


Write Protected 


28 


Write Protected 


46 


46 


Read Data 


30 


Read Data 


48 


48 


N.C. 


32 


2nd Side Select 


50 


50 


N.C. 


34 


N.C. 


Notes: 








1 . All odd numbered pins an 


3GND. 






2. Pin 1 of the 34-pin mini-floppy disk drive interface cable connector should be keyed to pin 17 of the FDC module I/O connector. 



6.8 IN. 
(172 MM) 

-LENGTH 



MATING 

MOTHERBOARD 
AND RECEPTACLE 



CI 



WIDTH 




EUROCARD CONNECTOR 




EUROCONNECTOR 
EXTENSION 



Floppy Disk Controller Module Dimensions 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1 , 2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.2 0Z. (145g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-40°C to +85''C 

0% to 85% (Without condensation) 


Power Requirements 


+5 Vdc ±5% @ 600 m A— Typical 

900 m A— Maximum 
+ 12 Vdc ±5% @ 60 mA— Typical 

100 m A— Maximum 


interfaces 

RIV1 65 Bus Interface 

I/O Connector 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 

50-pin mass terminated connector (0.100 m. centers) 
Mates with l&B/Ansley Part No. 609-5001 M or equivalent 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-5102E 
RM 65 CRT CONTROLLER (CRTC) MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-5102E CRT Controller Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 65/ 
40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 

PROPUCT OVERVIEW 

The CRT Controller (CRTC) Module interfaces the RM 65 to a 
CRT monitor or television receiver. The CRTC module outputs 
HSYNC, VSYNC, and raw video signals for direct connection 
to a CRT Monitor, and composite video for connection to a CRT 
monitor or to a TV receiver through an RF modulator. A sock- 
eted on-board ROM generates 5x7 characters with two des- 
cenders in a 7 X 1 dot matrix field to provide upper and lower 
case alphanumerics and special symbols. The 2K bytes of on- 
board display RAM are memory-mapped. 

A 2K-byte program ROM provides firmware to configure the 
display format for 80 columns by 25 rows or 40 columns by 16 
rows, scan rate of 50 or 60 Hz, and a CRT display driver for 
AIM 65. There are also cursor control, screen editing, and utility 
routines. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-5102E 


CRT Controller (CRTC) Module 


Order No. 


Description 


814 


CRT Controller (CRTC) Module User's 
Manual (included with RM65-5102E) 



FEATURES 

• Compact size — about 4" x SVa" (1O0 mm x 160 mm) 

• RM 65 bus compatible 

• 4K Byte character generator ROM with: 
— Upper and lower case alphabetics 
— Special characters 

— Numbers including subscripts and superscripts 

— Math symbols 

—Semi-graphics 

• On-board ROM firmware supports: 
— Scrolling 

— Screen editing 
— Full cursor movement control 
—Full screen standard or inverse video 
—Predefined formats for 

80 column by 25 row (50/60 Hz) 

72 column by 22 row (50/60 Hz) 

40 column by 25 row (60 Hz) 

40 column by 16 row (60 Hz) 
—Selectable format from 1 to 80 columns by 1 to 25 rows 
— NTSC (60 Hz, 525 lines per frame) and European (50 Hz, 

625 lines per frame) raster format 
—CRT display driver for AIM 65 

• Single 5 volt operation 

• Fully assembled, tested and warranted 








RIVI65-5102E CRT Controller (CRTC) Module 



Document No. RMA65N14 
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FUNCTIONAL DESCRIPTION 

The Data Transceivers invert and transfer 8 bits of parallel data 
between the CRTC Module and the RM 65 bus, based on con- 
trol signals from the Base Address Decoder and the Control 
Buffers. The read/write control line determines the direction, 
while the bus active enables the Data Transceivers. 

The Address Buffers invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
the R231 6 ROM, the CRT Controller (CRTC) device, and to the 
Refresh RAM device. 

The Control Buffers invert and transfer the phase 2 clock and 
read/write control signals from the RM 65 bus onto the module. 

The Bank Select Control circuit detects when the module's 
assigned memory bank is addressed, by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
or Bank 1). 

The Base Address Decoder, with the Base Address Select 
switches, the Bank Select Control circuit, the ROM Disable 
Switch and the read/write and phase 2 clock signals, generates 
device selects for the on-board ROM, RAM, and I/O (CRTC 
device and Display Enable Status Buffer). The Base Address 
Select switches allow the module to be selected to any 4K block. 
Within the selected 4K block, the RAM is assigned to the lower 
8 pages (2K bytes), and the I/O to the first 256 byte page of the 
upper 2K bytes. When the ROM is disabled, only the RAM and 
I/O can be selected and the module is assigned 9 pages (2304 
bytes) in memory. When the ROM is enabled, the module is 
assigned the full 4K bytes, with 7 pages for ROM, in addition 
to the RAM and I/O. 

The Controller Clock uses a crystal-controlled oscillator to derive 
a 6 MHz or 12 MHz reference for the shift register dot clock 
depending on the Dot Clock Select jumper position. With the 6 
MHz clock, up to 40 characters per line can be displayed on any 
monitor or standard television using an RF modulator. Up to 80 
characters per line can be achieved with the 12 MHz clock and 
a high bandwidth monitor. The dot clock is divided by seven to 
provide a Character Clock for the CRTC device and a load char- 
acter signal for the shift register. 

The Refresh RAM provides 2K bytes of display memory, for 
screen densities of up to 25 lines with as many as 80 characters 
each. The RAM is directly mapped into the RM 65 memory map, 



so the display can be updated by a block memory move or 
under DMA control. The Refresh RAM Multiplexer and RAM 
Transceiver allow the RM 65 bus and the CRTC device to both 
access the Refresh RAM, with the RM 65 bus having priority 
when any conflict occurs. 

The Display Enable Status Buffer allows the RM 65 bus to mon- 
itor the active display times, so that display memory transfers 
can be made with no visible distortion. 

The Character Generator ROM holds the fonts for the character 
set. These fonts are stored as 256 characters, each with 10 
seven-bit rows. The four CRTC device row address lines and 
the eight Character Latch bits, which hold the character being 
refreshed, create an address for the character generator ROM. 
The output data of the ROM, which is seven parallel bits, rep- 
resents the display pattern. The Shift Register takes this data 
and forms the serial video data. The Video Summer combines 
and buffers the serial video data with CRTC device timing sig- 
nals to form a composite video output and a separate video, 
horizontal sync, and vertical sync. 

The Program ROM contains the firmware for an intelligent CRT 
driver, in addition to utilities to aid in custom CRT display 
application software. There are six predefined screen formats, 
including 25 tines of 80 characters (50 or 60 Hz), 22 lines of 72 
characters (50 or 60 Hz), 25 lines of 40 characters (50 Hz), and 
1 6 lines of 40 characters (60 Hz). For other formats, any dimen- 
sions from 1 to 25 lines of from 1 to 80 characters can be 
defined (50 or 60 Hz). Full screen inverse video and 256 display 
characters allow flexible display capabilities. 

The intelligent display driver controls all screen updating and 
cursor movement for the selected screen format. The cursor can 
be on, off, or blinking with movements including gp, down, left, 
right, home, and carriage return, as well as to any row and 
column position. There are many commands to facilitate screen 
editing, such as: 

Insert character or line 

Delete character or line 

Clear to end of line 

Clear to end of screen 

Clear line or screen 

Set or Clear specialcharacter mode 

The firmware utilities are useful for special applications. There 
is also a display driver which replaces the AIM 65 on-board dis- 
play with a CRT monitor and an AIM 65 Assembler listing refor- 
matter which takes advantage of the longer display lines. 
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RM 65 CRTC Control Commands 




Hex 






Hex 






Code 


Character 


Description 


Code 


Character 


Description 


00 


CTRL® 


* 


10 


CTRL? 


Pass Through Next Character 


01 


CTRL A 


Clear Line 


11 


CTRLQ 


: *, 


02 


CTRL B 


Clear to End of Line 


12 


CTRL R 


* 


03 


CTRLC 


Clear Screen 


* 13 


CTRLS 


Toggle insert Character Mode 


04 


CTRL D 


Clear to End of Screen 


14 


CTRLT 


Delete One Character 


05 


CTRLE 


Clear Screen 


15 


CTRLU 


Insert One Line 


06 


CTRL F 


Clear to End of Screen 


16 


CTRLV 


Delete One Line 


07 


CTRLG 


* 


17 


CTRL W 


Display Cursor 


08 


CTRLH 


Backspace (-«-) 


18 


CTRL X 


Blant< Cursor 


09 


CTRL! 


Horizontal Tab (-^) 


19 


CTRL Y 


Relink AIM 65 Display 


OA 


CTRL J 


Line Feed (f) 


1A 


CTRLZ 


, „ * ; 


OB 


CTRL K 


Vertical Tab (f) 


IB 


CTRL[ 


Escape Character (ESC) (1) 


OG 


CTRL L 


Form Feed (Clear Screen) 


1C 


CTRL\ 


Blinking Cursor 


OD 


CTRLM 


Carriage Return (Home on Line) 


1D 


CTRL ] 


Enter Normal Characters 


OE 


CTRLN 


Home on Screen 


IE 


CTRL A 


Perform Self Test 


OF 


CTRLO 


Home on Screen 


IF 


CTRL- 


Reverse Video 


•These chare 


icters have no effect. 


(1) There are two escape sequences as follows: 


Hex Code 


» Character Sequence Function 


IB 3D YY ) 


<X ESC =yx Movethecursortotherowyandcolumnxposition, with row y between top ($00) and bottom 




($1 9), and column x between leftmost ($00) and rightmost ($4F). 


IB 47 


ESC G Enter Graphics Character Mode 























































DATA 

BUS ACTIVE 
ADDRESS 

TIMING 

AND 

CONTROL 

BANK 
ADDRESS 




8, 


DATA 
TRANSCEIVERS 


,8 


REFRESH 

RAM 

TRANSCEIVERS 




, 




t 






■ 










ROM 


















/U 


REFRESH 

RAM 

MULTIPLEXER 










*' 












' 










< 










L 






/■' 




— 










; ^ 




CHARACTER 
LATCH 




16 , _ 


ADDRESS 
BUFFERS 


1 








* 




' 












f'i 


REFRESH 
RAM 






" 


""'^ 










2 










8 








ROM DISABLE 
JUMPER 
















\ 
















BASE 

ADDRESS 

DECODER 






*' k 


CONTROL 
BUFFERS 
























^ 


R6545-1 
CRT 

CONTROLLER 
DEVICE 










=*'fc 




^/ 








* 












<<l 






CHARACTER 
GENERATOR 
ROM 




BANK 

SELECT 

CONTROL 
















T 


1— 


RAW VIDEO 

HSYNC 

VSYNC 














*■/». 




¥•- 


* 


BANK SELECT 
ENABLE SWITCH 




*' 


8 

1 


i 










BASE ADDRESS 
SWITCHES 


SHIFT REGISTER 
AND VIDEO 
SUMMER 




1 


^ 


BANK SELECT 
SWITCH 


— X™«*i^^««* i 




n 


n ... 




































DISPLAY 
ENABLE 
STATUS 
BUFFER 


_ 








^VIDEO 


















i 


» 






DOT CLOCK 

SELECT 

JUMPER 




CONTROLLER 
CLOCK 


V 
























c 


RT 


c 





itr 


Oiler Modul 


e 


Bl 


oc 


;k 


D 


agr 


am 
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RM 65 Bus Pin Assignments 




Bottom (Solder Side) 




Top (Component Side) 




Signal 


: 




Signal 




Pin 


Mnemonic 


Signal Name 




Pin 


Mnemonic 


Signal Name 


1a 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADFV 


Buffered Bank Address 




2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 




3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 




4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 




5C 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 




6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 




7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground ■ 




8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 




9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 




10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 




11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAG/ 


Buffered Address Bit 




12c 


8(^1 


•Buffered Phase 1 Clock 


13a 


GND 


Ground 




13c 


BSYNC 


* Buffered Sync 


14a 


BSO 


•Buffered Set Overflow 




14c 


BDRQ1/- 


•Buffered DMA Request 1 


15a 


BRDY 


* Buffered Ready 




15c 


GND 


Ground 


16a 




*User Spare 1 




16c 


-12V/-V 


*-12Vdc/-V 


17a 


+ 12V/ + V 


* + 12Vdc/+V 




17c 




*UserSpare2 


18a 


GND 


Ground Line 




18c 


BFLT/ 


* Buffered Bus Float 


19a 


BDMT/ 


•Buffered DIVIA Terminate 




19c 


B0O 


•Buffered External Phase Clock 


20a 




*User Spare 3 




20c 


GND 


Ground 


21a 


BR/W/ 


•Buffered Read/Write "Not" 




21c 


BDRQ2/ 


•Buffered DMA Request 2 


22a 




•System Spare 




22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 




23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


•Buffered Interrupt Request- 




24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 


25a 


B02/ 


Buffered Phase 2 "Not" Clock 




25c 


GND 


Ground 


26a 


8^2 


Buffered Phase 2 Clock 




26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 




. 27c 


BD6/ . 


Buffered Data Bit 6 


28a 


GND 


Ground 




28c 


BD5/ 


Buffered Data Bit 5 


29a 


804/ 


Buffered Data Bit 4 




29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 




30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 




31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 




32c 


GND 


Ground 


Note: 








* Not used 


on this module. 







r 



_ 6.8 IN. 
(172 MM) 



MATING 
MOTHERBOARD 
AND RECEPTACLE 




EUROCARD CONNECTOR 
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T 



Module Dimensions 
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12 3 4 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1,2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0'Cto70°C 

-40°Cto+85°C 

0% to 85% (without condensation) 


Power l=lequlrements 


+5 Vdc ±5%, 0.94 A (4.7 W)— Typical 

1.30 A (6.8 W)— Maximum 


Interface 

RM 65 Bus Interface 

I/O Connector 
Composite Video 

Raw Video and Sync 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 

Mini-coax connector (50 ohm SMC type) 

Mates to Sealectro Part No. 050-024-0000-220 or equivalent 

6-pin connector 

Mates to AMP No. 87159-6 or equivalent 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the txjttom of the module (0.1 in). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 



9-48 



RM65-5104E 

RM 65 Microcomputer Family 




RM65-5104E 

RM 65 DIRECT MEMORY ACCESS 

CONTROLLER MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-5104E Direct Memory Access Controller (DMAG) 
Module is one of the hardware options available for the RM 65 
Microcomputer Module family. 

RM 65 Microcomputer Modules products are designed for OEM 
and end user microcorriputer applications when state-of-the-art 
performance, compact size, modular design, and low cost are 
required. Software for RM 65 systems can be developed in 
R6500 Assembly Language, PL/65, BASIC, and Forth. Both 
BASIC and Forth are available in ROM and can be incorporated 
into the user's system. 

RM 65 modules use a motherboard interconnect concept in 
which any card can be inserted into any slot. The 64-line RM 
65 Bus permits memory addressing up to 128K bytes, provides 
high immunity to electrical noise, and contains growth provi- 
sions for user functions. A selection of card cages allows pack- 
aging flexibility. RM 65 products may also be used with Rockwell 
AIM 65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desk-top microcomputer 
applications. 

PRODUCT OVERVIEW 

The RM65-5104E DMAC Module performs high speed data 
transfers between memory and/or I/O devices connected to the 
RM 65 Bus. The data transfer rate when controlled by the DMAC 
Module hardware is typically four times faster than the data 
transfer rate achieved by CPU software. Thus by using the 
DMAC Module, substantial time is saved when transferring large 
blocks of data. 

After a DMA transfer is initiated by the CPU module, the DMAC 
Module takes control of the RM 65 Bus and independently com- 
pletes the data transfers. Operation of the DMAC Module can 
be controlled by an AIM 65, an AIM 65/40 SBC Module, or any 
other CPU module connected to the RM 65 Bus. During the 
DMA data transfers, the RM 65 SBC, AIM 65, or AIM 65/40 can 
continue operations on its internal buses. 

The DMAC Module is especially effective In the rapid transfer 
of data between either 5y4-inch or 8-inch floppy disks controlled 
by either the FDC Module (RM65-5101E) or the RM 65 lEEE- 
488 Module (RM65-7102E) and other memory or I/O modules 
connected to the RM 65 Bus. 



FEATURES 

• Rockwell RM 65 Bus compatible 

• Compact size—I 00 mm x 160 mm (approximately 4 in. x 
6.25 in.) 

• Executes memory-to-memory, l/O-to-l/O, memory-to-l/O, and 
l/0-to-memory transfers 

• DMA data transfers can be either within the same bank or 
beween banks 

• Memory address counters can either be incremented or 
decremented 

• Interleaved, cycle steal, and burst modes 

• Processor-hold and processor-run operations 

• Two DMA request channels 

• DMA interrupt selectable either to the Non-Maskable Interrupt 
or the Interrupt Request (BIRO) line 

• 500K bytes per second maximum transfer rate 

• DMA termination signal to abort any DMA transfer operation 
in progress 

• Supports RM 65 FDC 8-inch double-density operation 

• Programmable Byte Counter for up to 65K-byte transfers 

• Bank switches to assign I/O addresses to either one or two 
65K memory banks 

• l/b Base Address switch selectable to a page boundary 

• Operates from a single +5V power source 

• Fully assembled and tested with a one-year warranty 

ORDERING INFORMATION 



Part No. 


Description 


RM65-5104E 


Direct Memory Access Controller (DMAC) Module 




RI\/I65-5104E Direct IVlemory Access 
Controller (DMAC) Module 



Document No. RMA65N26 
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FUNCTIONAL DESCRIPTION 

Addresses on the RM 65 Bus are compared with the address 
set by the module Base Address switches. If the Bank Select 
Enable switch is set, the bank-address signal (BADR/) is com- 
pared with the signal from the Bank Select switch. When the 
BADR/ and address signal states on the bus match the signal 
states generated by the Base Address and Bank Select switches, 
the Microcode Generator, Chip Select, and Data Buffer circuits 
are enabled. 

When the module circuits are enabled, the four least significant 
address signals and the read/write signal (R/W-) generate chip- 
select and microcode signals. The chip-select signals enable 
devices within the DMAC Module either to accept or to output 
data. The microcode signals control which registers are active 
in the DMA Source Address, Destination Address, and Byte 
Count Generators. 

After the generators are enabled and selected, data can be 
transferred between the module and the RM 65 Bus. Before the 
start of a DMA operation, these generators must be initialized. 
The Source Address Generator and the Destination Address 
Generator, respectively, must be loaded to specify the starting 
address of the source and the destination address during DMA 
data transfers. Control registers must be loaded to specify if the 
address is to be incremented or decremented after each byte. 
The Byte Count Generator must be loaded to specify the number 
of bytes of data to be transferred- A control byte in the Byte 
Count Generator indicates whether the contents of the register 
are to be incremented or decremented. Typically, the Byte 
Count Generator is set up to count down because the DMA 
transfer stops when the byte count becomes zero. 

Contents of the Command Register specify the parameters the 
DMAC Module is to use and start the DMA cycle. After the Com- 
mand Register has been loaded, the DMAC Module waits for 
two signals before beginning a DMA cycle. If the DMAC Module 
is to transfer data to or from an I/O device, a DMA request signal 
must be received from the I/O device. For l/O-to-l/0 transfers, 
a DMA request must be received from each I/O device. For 
memory-to-memory transfers, the DMA request is generated by 
the DMAC Module. The second signal required for DMA trans- 
fers is the sync signal. When the sync signal goes high, the 
DMAC Module forces the ready signal low (If the processor-stop 
mode is enabled), floats (effectively disconnects) the RM 65 Bus 
from the microprocessor, and switches module operation to the 
Read state. 



During DMA cycles, the DMAC Module is controlled by the State 
Control Circuitry. When the DMAC Module is idle, module 
operation starts or concludes in the Initialize And Conclude 
state. In the Read state, the source address from the Source 
Address Generator is placed on the RM 65 address lines. Data 
on the RM 65 data lines is then transferred from the source 
device and saved in a temporary storage register. During the 
Write state, the destination address from the Destination Address 
Generator is placed on the RM 65 address lines. Data in the 
Temporary Data Register is then placed on the RM 65 data lines 
and transferred to the destination device. 

After the Write state, the byte count and mode of operation 
affect the state which the DMAC Module next enters. If the byte 
count is zero, DMAC Module operation switches to the Initialize 
And Conclude state and control of both the FIM 65 Bus and the 
system returns to the processor. If the byte count is not zero, 
then the mode of operation affects the next DMA state. When 
the byte count is not zero and the data transfer is between two 
memory devices, operation of the DMAC Module switches to 
the Read state. 

When the data trahsfer involves I/O devices, DMAC Module 
operation switches to a Read state if the DMA request signal 
(or signals during l/O-to-l/0 transfers) is present. If the DMA 
request signal is not present and the module is in the burst 
mode, the niode of operation svyitches to a Hold state and 
remains in the state until the DMA request signal is present. 
Module operation then switches to a Read state. If the DMAC 
Module Is operating in an interleaved mode, the operation is 
switched to the Initialize And Conclude state and control returns 
to the processor. The module takes control again as soon as 
sync and DMA request signals are present. 

At the end of a DMA cycle, after the byte count has been 
reduced to zero and DMAC Module control has switched to the 
Initialize And Conclude state, system control returns to the 
microprocessor. The ready signal is disabled. The DMAC Module 
Command Register is cleared and the transfer-complete flag is 
written into the Status Register. If the interrupt mask bit is not 
set, either an interrupt request or a nonmaskable interrupt signal 
is generated. 

DMAC Module operating modes are controlled by bits in the 
DMAC Module Command Register. Modes available are Halt, 
Interrupt Mask, Burst, and Interleaved. 
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RM65^5104E 



Direct Memory Access Controller (DMAC) Module 
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RM65-5104E DMAC Module Block Diagram 
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RM65-5104E 



Direct Memory Access Controller (DMAC) Mbdule 



RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) 




Signal 








Signal 






Pin 


Mnemonic 


Signal Name 


I/O 


Pin 


Mnemonic 


Signal Name 


I/O 


1a 


GND 


Ground 




1c 


+5V 


+5 Vdc 




2a 


BADFV 


Buffered Bank Address 


I/O 


2c 


BA15/ 


Buffered Address Bit 15 


I/O 


3a 


GND 


Ground 




3c 


BA14/ 


Buffered Address Bit 14 


I/O 


4a 


BA13/ 


Buffered Address Bit 13 


I/O 


4c 


BA12/ 


BufferedAddressBit 12 


I/O 


5a 


BA11/ 


Buffered Address Bit 1 1 


I/O 


5c 


GND 


Ground 




6a 


BA10/ 


BufferedAddressBitIO 


I/O 


6C 


BA9/ 


Buffered Address Bit 9 


I/O 


7a 


BAa/ 


Buffered Address Bit 8 


I/O 


7c 


BA7/ 


Buffered Address Bit 7 


I/O 


8a 


GND 


Ground 




8c 


BAB/ 


Buffered Address Bit 6 


I/O 


9a 


BA5/ 


Buffered Address Bit 5 


I/O 


9c 


BA4/ 


Buffered Address Bit 4 


I/O 


10a 


BA3/ 


Buffered Address Bit 3 


I/O 


10c 


GND 


Ground 




11a 


BA2/ 


BufferedAddressBit2 


I/O 


11c 


BA1/ 


Buffered Address Bit 1 


I/O 


12a 


BAG/ 


Buffered Address Bit 


I/O 


12c 


B01 


Buffered Phase 1 Clock 


1 


13a 


GND 


Ground 




13c 


BSYNC 


Buffered Sync 


I/O 


14a 


BSO 


* Buffered Set Overflow 




14c 


BDRQ1/ 


Buffered DMA Request 1 


1 


15a 


BRDY 


Buffered Ready 


O 


15c 


GND 


Ground 




16a 




*User Spare 1 




16c 


-12V/-V 


*-12Vdc/-V 




17a 


+12V/+V 


*-f12Vdc/+V 




17c 


, 


*yserSpare2 




18a 


GND 


Ground 




18c 


BFLiy 


Buffered Bus Float 





19a 


BDMT/ 


Buffered DMA Terminate 


1 


19c 


B^O 


•Buffered External Phase Clock 




20a 




*User Spare 3 




20c 


GND 


Ground 




21a 


BR/W/ 


Buffered Read/Write "Not" 


I/O 


21c 


BDRQ2/ 


Buffered DMA Request 2 


1 


22a 




•System Spare 




22c 


BFVW 


Buffered Read/Write 


I/O 


23a 


GND 


Ground 




23c 


BACT7 


Buffered Bus Active 





24a 


BIRQ/ 


Buffered Interrupt Request 





24c 


BNMI/ 


Buffered Non-Maskable Interrupt 





25a 


B02/ 


Buffered Phase 2 "Not" Clock 





26c 


GND 


Ground 




26a 


B02 


Buffered Phase 2 Clock 


I/O 


26c 


BRES/ 


Buffered Reset 


1 


27a 


BD7/ 


Buffered Data Bit 7 


I/O 


27c 


BD6/ 


Buffered Data Bit 6 


I/O 


28a 


GND 


Ground 




28c 


BD5/ 


Buffered Data Bit 5 


I/O 


29a 


BD4/ 


Buffered Data Bit 4 


I/O 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


30c 


GND 


Ground 




31a 


BD1/ 


Buffered Data Bit 1 


I/O 


31c 


BDO/ 


Buffered Data Bit 


I/O 


32a 


+5V 


+5 Vdc 




32c 


GND 


Ground 




Note: 














*Not use 


d on this modu 


le. 
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RM65-5104E 



Direct Memory Access Controller (DMAC) Module 



SPECIFICATIONS 



Parameter 


Vaiue 


Dimensions (1,2, 3) 

Width 

Length 

Height 


100 mm (3.9 in.) 
164 mm (6.4 in.) 
14 mm (0.56 in.) 


Weight 


137g(4.8oz.) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


O-^C to 70°C 

-40X to +85X 

0% to 85%, without condensation 


Power Requirements 


+5 Vdc +5%, at 1.2A (6.0W)— Typical 

1.9A(9.5W)— Maximum 


RM 65 Bus Interface 


64-pin plug (0.100 in. centers) per DIN 41612 (a and b with c not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in.), printed circuit board thickness (0.062 in.), and 
pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Connector conforms to DIN 41612. 



172 MIM 
(6.8 IN.) 



-LENGTH 



*\ 



MATING 

MOTHERBOARD 
AND RECEPTACLE 



r^ 



F 



WIDTH 



i 




i. 



EUROCARD CONNECTOR 
COMPONENT AREA 



HEIGHT 



A 



^ 



-EUROCONNECTOR 
EXTENSION 



RM65-5104E DMAC Module Dimensions 
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RM65-5222E 

RM 65 Microcomputer Family 




RM65-5222E 

RM 65 GENERAL PURPOSE INPUT/OUTPUT 

(GPIO) & TIMER MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-5222E GPIO & Timer Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 

RM 65 Microcomputer Module products are designed for OEM 
and.end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available In ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 1 28K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 

PRODUCT OVERVIEW 

The RM65-5222E General Purpose Input/Output (GPIO) & Timer 
Module provides a parallel I/O interface to the RM 65 Bus. Two 
R6522 Versatile Interface Adapter (VIA) devices provide four 8- 
bit bidirectional data ports and four 2-bit control ports; 40 I/O 
lines in all. Two multi-mode 16-bit timer/counters extend the 
versatility of the module. All I/O lines are TTL buffered. 

The GPIO & Timer Module I/O can be assigned either to one 
of two 65K byte memory banks or common to both banks. Eight 
switches allow I/O addresses to be set to any page (256 bytes). 
Eight switches (two per I/O port) manually set the I/O trans- 
ceiver data direction or allow software control using the asso- 
ciated port control lines. Twelve jumpers specify the direction 
of the control lines. 



ORDERING INFORMATION 



Part No. 


Description 


RM65-5222E 


General Purpose Input/Output (GPIO) and 
Timer Module 


Order No. 


Description 


801 


General Purpose Input/Output (GPIO) and 
Timer Module User's Manual (included with 
RM65-5222E) 



FEATURES 

• Compact size— about 4" x eVA" (100 mm x 160 mm) 

• Pin and socket bus connector 

• RM 65 Bus compatible 

• Fully buffered address, data and control bus interface lines 
• • Fully buffered data and control I/O lines 

• Four 8-bit parallel bidirectional data ports 

• Four 2-bit control |X)rts 

• Four programmable 16-bit counter/timers 

• Two 8-bit shift registers for synchronous serial communi- 
cations 

• Manually or software-controlled data line direction 

• Jumper-selectable control line direction 

• Bank select switches assign I/O addresses to one or two 65K 
banks 

• I/O base address switch selectable to a page boundary 

• Four I/O connectors 

• -f-5V operation 

• Fully assembled, tested and warranted 




RM65-5222E General Purpose Input/Output (GPIO) & Timer Module 



Document No. RMA65N12 
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RM65-5222E 



GPIO & Tinier Moclule 



FUNCTIONAL DESCRIPTION 

The heart of the GPIO & Timer module is two R6522 Versatile 
Interface Adapter (VIA) devices. Each VIA provides two 8-bit 
bidirectional input/output ports, four I/O control lir>es, two fully 
programmable 16-bit timer/counters and an 8-bit shift register 
ifor serial interface. There is also control of interrupt generation 
from independent I/O conditions. 

The two 8-bit input/output peripheral ports are fully bidirectional. 
Date direction registers allow each peripheral pin to indepen- 
dently act as either an input or an output. The four control lines 
can also be used for I/O or can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection of a rising or falling 
edge. 

The two 16-bit counteiVtimerS are capable of many complex 
timing and counting functions. One timer provides four modes 
of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 
eral port line. The three modes of the second 16-bit timer pro- 
vide a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out, data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
shift completion. 

The Data Transceivers invert and buffer 8-bits of parallel data 
between the RM 65 Bus and the two R6522 VIA devices. The 
Data Transceivers are enabled when a valid address is present 
at the Base Address Decoders. During a read operation, data 
is transferred from the addressed R6522 to the RM 65 Bus. 
During a write operation, data is transferred from the RM 65 
Bus to the addressed R6522. 

The Address Buffers invert the five least significant address bits 
used to select the R6522 devices and registers. 



The Bank Control circuit detects when the GPIO & Timer 
Module's assigned memory bank is addressed by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
Enable and Bank Select switches. The Bank Select Enable 
switch allows the module to b^ assigned common to either both 
banks, or to Bank (lower 65K) or Bank 1 (upper 65K) depending 
on the Bank Select switch. 

The Control Buffers drive read/write, phase 2 clock, and reset 
signals from the RM 65 Bus to the GPIO & Timer Module. The 
interrupt request and bus active signals are driven from the 
GPIO & Timer Module. 

The Base Address Decoders use the eight most significant 
address lines to assigh \f\e 32 I/O addresses to a page (256 
bytes) boundary; When an address is within range of the Base 
Address switches and the Bank Control is enabled, a chip select 
is generated to one of the R6522 devices. 

Twelve Control Direction Jumpers allow the three bidirectional 
control lines (CA1, CB1, and eB2) on each R6522 to be con- 
figured for either input or output mode. 

Four I/O Direction Switches provide direction control to each of 
the Port I/O transceivers. Four Programmed/Manual Select 
switches allow the direction control to be established from the 
Direction Control switches in the Manual mode or from a R6522 
control line in the Programmed mode. 

The I/O Transceivers buffer each of four 8-bit I/O ports. The 
direction is determined by the Direction Control logic. There are 
also eight buffers provided for the control lines (2 per I/O port), 
six of which can be configured for input or output as determined 
by the Handshake Direction Buffers. 

All I/O data and control signals are brought out to four connec- 
tors that will each accept a 20-pin mass terminated ribbon cable 
(cable and mass terminated connectors are not supplied with 
the GPIO & Timer Module). Each connector is dedicated to one 
port with 8 data, 2 control and 10 ground lines. 
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RM65-5222E 



GPIO & Timer Module 



RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) | 




Signal 






Signal 




Pin 




Signal Name 


Pin 


IVInemonic 


Signal Name 


1a 


GND 


Ground 


lc 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 11 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


*Buffered Address Bit 7 


Sa 


GND 


Ground 


8c 


BA6/ 


•Buffered Address Bit 6 


9a 


BA5/ 


^Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAG/ 


Buffered Address Bit 


12c 


B01 


•Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


•Buffered Sync 


14a 


BSO 


* Buffered Set Overflow 


14c 


BDRQ1/ 


•Buffered DMA Request 1 


15a 


BRDY 


*Buffered Ready 


15c 


GND 


Ground 


16a 




*User Spare 1 


16c 


-12V/~V 


•-12Vdc/-V 


17a 


+ 12V/+V 


* + 12 Vdc/+V 


17c 




•User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


•Buffered Bus Float 


19a 


BDMT/ 


*Buffered DMA Terminate 


19c 


B0O 


•Buffered External Phase Clock 


20a 




*User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


•Buffered DMA Request 2 


22a 




* System Spare 


22c 


BR/W 


•Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 


25a 


B02/ 


'Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B)Zf2 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 


32c 


GND 


Ground 


Note: 








* Not used c 


n this module. 







I/O Connector Pin Assignments 



Pin 


Signal 


1 ■ ■ ■ ■ 


Port 1A Data 


3 


Port 1A Data 1 


5 


Port 1A Data 2 


•■ 7 


Port 1A Data 3 


9 


Port 1A Data 4 


11 


Port 1A Data 5 


13 


Port 1A Data 6 


15 


Port 1A Data 7 


17 


Port 1 A Control CA1 


19 


Port 1 A Control CA2 


Notes: 




1. Similar for ports 1B, 2A and 28 




2. Even Pins 2-20 are ground 





9-56 



RM65-5222E 



GPIO & Tinner Module 



SPECIFICATIONS 



Parameter 


Value 


Dimensions (1 , 2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.0 02. (140 g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 

-40°Cto+85°C 

0% to 85% (without condensation) 


Power Requirements 


+5 Vdc ±5% 0.52 A (2.6 W)— Maximum 
+5 Vdc ±5% 0.94 A (4.70 W)— Maximum 


Interface 

RM 65 Bus Interface 

I/O Interface 
I/O Connectors (4) 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 
20-pin vertical mass termination plug (0.3 in. pins on 0.100 in. centers) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0,4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 



_6.8IN. 
(172 MM) 



r 



DD 
OD 



MATING 
MOTHERBOARD 
AND RECEPTACLE 




T 



-EUROCONNECTOR 
EXTENSION 



EUROCARD CONNECTOR 
COMPONENT AREA 



_v 



RM65-5222E Module Dimensions 
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RM65-5223E 

RM 65 Microcomputer Family 




RM65-5223E 

RM 65 MULJI-FUNCTION 

PERIPHERAL INTERF=ACE MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-5223E Multi-Function Interface (MPI) Module is pne 
of the hardware options available for the RM 65 Microcomputer 
Module family. 

RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PLV65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 

PRODUCT OVERVIEW 

The RM65-5223E RM 65 Multi-function Interface (MPI) Module 
provides a parallel I/O interface to the RM 65 Bus. Two R6522 
Versatile Interface Adapter (VIA) devices provide four 8-bit 
bidirectional data ports and four 2-bit control ports; 40 I/O lines 
in all. Two multi-mode 16-bit timer/counters extehd the versa- 
tility of the module. All I/O lines are TTL buffered and available 
on two 40 pin I/O connectors compatible with the AIM 65/40 
SBC and RM 65 SBC Parallel Application connectors. Data 
buffer direction is under direct software control. Twelve jumpers 
specify the direction of the control lines, while an additional 6 
jumpers control the optional features. 
The MPI Module I/O can be assigned either to one of two 65K 
byte memory banks or common to both banks. Eight switches 
allow I/O addresses to be set to any page (256 bytes). 




RM65-5223E Multi-function Peripheral 
Interface (MPI) Module 



FEATURES 

• Compact size — about 4" x GVa" (100 mm x 160 mm) 

• Pin and socket bus connection 

• RM 65 Bus compatible 

• Two R6522 Versatile Interface Adapter (VIA) devices 

• Four fully buffered 8-bit parallel data ports 

• Four fully buffered 2-bit control ports 

• Four programmable 16-bit counter/timers 

• Two serial input/output ports 

• Multiple interrupt conditions 

• Full buffering on all I/O data and control lines 

• Software-controlled data line direction 

• Jumper-selectable control line direction 

• Data port buffering can be removed 

• All I/O lines are available on two 40-pin I/O connectors 

• I/O connectors are compatible with both the AIM 65/40 and 
RM 65 SBC module parallel I/O connectors and AIM 65/40 
intelligent peripherals 

• One connector Is fully compatible with the AIM 65/40 stan- 
dard or extended keyboard 

• Bank switches assign I/O addresses to one or two 65K banks 

• I/O base address switch selectable to a page boundary 

• +5V operation 

• Fully assembled, tested and warranted 

ORDERING INFORMATION 



Part No. 


Description 


RM65-5223E 


Multi-function Peripheral Interface (MPI) 
Module 


Order No. 


Description 


817 


Multi-function Peripheral Interface Module 
(MPI) Module User's Manual (included with 
RM65-5223E) 



Document No. RMA65N24 
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Mitlti-f unction Peripheral Interface (M PI) Module 



FUNCTIONAL DESCRIPTION 

The heart of the MPI module is two R6522 Versatile Interface 
Adapter (VIA) devices. Each VIA provides two 8-bit bidirectional 
input/output ports, four I/O control lines, two fully programmable 
16-bit timer/counters and an 8-bit shift register for serial inter- 
face. There Is also control of interrupt generation from indepen- 
dent I/O conditions. 

The two 8-bit input/output peripheral ports are fully bidirectional. 
Data direction registers allow each peripheral pin to indepen- 
dently act as either an input or an output. The four control lines 
can also be used for I/O or can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection of a rising or falling 
edge. 

The two 16-bit counter/timers are capable of many complex 
timing and counting functions. One timer provides four modes 
of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 
eral port line. The three modes of the second 16-bit timer pro- 
vide a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift In, or 
shift out data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
shift completion. 

Four Port Transceivers buffer the VIA data lines for input or 
output modes. The I/O Data Direction Control logic allows the 
direction of each 8-bit port to be Independently set for input or 
output mode under software controls. In the buffered output 
mode, the Port Transceivers are capable of sinking 1 6 mA on 
any data line. For applications where buffering is not desired, 
any of the Port Transceivers can be replaced with DIP shunts 
for direct connection to the VIA peripheral data pins. 

The I/O Control Signal Buffers fully buffer all eight VIA Control 
lines. On each VIA, one control line (CA1) has only an input 
mode which is buffered as such. Twelve I/O Control Direction 
Jumpers allow the three bidirectional control lines (CA2, CB1, 
and CB2) on each R6522 to be configured for either input or 
output rhode. 

A number of options available on VIA No. 1 make it particularly 
well-suited for keyboard applications. The A port of VIA No. 1 
is supplemented with Line Low Detection circuitry which gen- 
erates an interrupt through control line CA1 when any line goes 



low; a reset switch on control line CB2 is passed off the board 
from the RESET connector to be used by reset conditioning 
circuitry on an RM 65 SBC module, AIM 65 micocomputer or 
AIM 65/40 SBC module; an attention switch on control line CB1 
is debounced by the Attention Interrupt Conditioning circuitry to 
generate a non-maskable interrupt when enabled by the Atten- 
tion Interrupt jumper. 

Two 40-pin Parallel I/O connectors support all the R6522 VIA 
signals as well as the Attention and Reset switch options. These 
connectors can be configured to match the RM 65 or AIM 
65/40 SBC module Parallel Application connectors, while also 
being compatible with AIM 65/40 peripherals — keyboard, dis- 
play or printer. The I/O Power Source jumpers allow +5Vto be 
supplied to the interfacing equipment through the Parallel I/O 
Connector. 

The Data Transceivers Invert and buffer.8-bits of parallel data 
between the RM 65 Bus and the two R6522 VIA devices or the 
I/O Direction Control logic. The Data Transceivers are enabled 
when a valid address is present at the Base Address Decoders. 
During a read operation, data is transferred from the addressed 
I/O to the RM 65 Bus. During a write operation, data is trans- 
ferred from the RM 65 Bus to the addressed I/O. 

The Address Buffers invert the six least significant address bits 
used to select the R6522 devices and registers and also the 
I/O Direction Control Logic. 

The Control Buffers drive read/write, phase 2 clock, and reset 
signals from the RM 65 Bus to the MPI module. The interrupt 
request and bus active signals are driven from the MPI module. 

The Bank Select Control circuit detects when the MPI module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 Bus to the Bank Select Enable 
and Bank Select switches. The Bank Select Enable switch 
allows the module to be assigned either common to both banks, 
or to Bank O (lower 65K) or Bank 1 (upper 65K) depending on 
the Bank Select switch. 

The Base Address Decoders use the eight most significant 
address lines to assign the MPI module to a page (256 bytes) 
boundary. When an address is within range of the Base Address 
switches and the Bank Control is enabled, a chip select is gen- 
erated to one of the R6522 devices or the I/O Direction Control 
logic is selected. 
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RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


1a 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4g 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 11 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BAB/ 


Buffered Address Bit 8 


7c 


BA7/ 


•Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


•Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3I 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAG/ 


Buffered Address Bit 


12c 


B01 


•Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


•Buffered Sync 


14a 


BSO 


•Buffered Set Overflow 


14c 


BDRQ1/ 


•Buffered DMA Request 1 


15a 


BRDY 


•Buffered Ready 


15c 


GND 


Ground 


16a 




•User Spare 1 


16c 


-12V/-V 


*-12Vdc/-V 


17a 


+ 12V/+V 


•+12Vdc/+V 


17c 




•User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


•Buffered Bus Float 


19a 


BDMT/ 


•Buffered DMA Terminate 


19c 


B0O 


•Buffered External Phase Clock 


20a 




•User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


•Buffered DMA Request 2 


22a 




•System Spare 


22c 


BR/W 


•Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRC3/ 


Buffered Interrupt Request 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


25a 


Bj!j2/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B02 


•Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bft 7 


27C 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30C 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5 Vdc 


32c 


GND 


Ground 


Note: 








* Not used 


n this module. 







Connector J1 and J2 (Parallel I/O Connector) Pin Assignments 



Pin 


Signal 


I/O 


Type 


Pin 


Signal 


Type 


1 


CB2/RES 


I/O 


NMOS 


2 


GND/+5V* 


Power 


3 


CB1/ATTN 


I/O 


NMOS 


4 


GND 


Power 


5 


PB7 


I/O 


NMOS 


6 


GND 


Power 


7 


PB6 


I/O 


NMOS 


8 


GND 


Power 


9 


PBS 


I/O 


NMOS 


10 


GND 


Power 


11 


PB4 


I/O 


NMOS 


12 


GND 


Power 


13 


PBS 


I/O 


NMOS 


14 


GND 


Power 


15 


PB2 


I/O 


NMOS 


16 


GND 


Power 


17 


PB1 


I/O 


NMOS 


18 


GND 


Power 


19 


PBO 


I/O 


NMOS 


20 


GND 


Power 


21 


PA7 


I/O 


NMOS 


22 


GND 


Power 


23 


PA6 


I/O 


NMOS 


24 


GND 


Power 


25 


PA5 


I/O 


NMOS 


26 


GND 


Power 


27 


PA4 


I/O 


NMOS 


28 


GND 


Power 


29 


PA3 


I/O 


NMOS 


30 


GND 


Power 


31 


PA2 


I/O 


NMOS 


32 


GND 


Power 


33 


PA1 


I/O 


NMOS 


34 


GND 


Power 


35 


PAO 


I/O 


NMOS 


36 


GND 


Power 


37 


CA2 


I/O 


NMOS 


38 


GND 


Power 


39 


CA1 


1 


NMOS 


40 


GND/4-5V* 


Power 


Notes: 








1. Pins 2 and 4 


D can be optionally jumpered to +5V (maximum current through each pin should nc 


t exceed 200 mA). 




2. Pin 1 of J1 c 


an be optionally jumpered to RESET connector or to CB2. 






3. Pin 3 of J1 c 


an be optionally jumpered to the Attention Interrupt Conditioning circuit or to CB1. 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1,2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.1 oz. (145g) 


Environment 

Operating Temperature 
Storage temperature 
Relative Humidity 


0'Cto70*'C 

-40Xto+85'C 

0% to 85% (without condensation) 


Power Requirements 


+5 Vdc ±5% 0.65 A (3.25 W)— Typical 
+5 Vdc ±5% 1 .03 A (5.1 5 W)— Maximum 


interfaces 

RM 65 Bus Interface 

I/O Interface 
Parallel I/O Connectors (2) 

Reset Connector 


64-pin plug (0.1 OQ In. centers) per DIN 41612 (Row b not installed) 

40-pin 3M #3495-1002, or equivalent, receptacle. Mates with 3M #3418-0QOOT 

or equivalent, ribbon cable connector 
2 vertical pins (0.3 in. high) on 0.200 in, center 


■•■■ Notes: • 

1. Height includes the maximurti values for component height above the board surface (0,4 in. for populated modules), printed circuit board 
thickness (0.062 ia), ahd pin extension through the bottom of the module (0.1 In.). 

2. Length does not Include extensions beyond the edge of the module due to connectors or the module 

3. Dimensions conform to DIN 41612. 



6.8 IN. 
{172 MM) 



MATING 
MOTHERBOARD 
AND RECEPTACLE 



T 



^ 



EUROCARD CONNECTOR 
COfVJPONENTAREA 



___V 



-EUROCONNECTOR 
EXTENSION 

i\/lodule Dimensions 
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RM65-5302E AND RM 65-5303E 

RM 65 ANALOG INPUT 

AND ANALOG INPUT/OUTPUT MODULES 



RM 65 MICROCOMPUTER MODULES 

The RM65-5302E Analog Input Module and the RM65-5303E 
Analog Input/Output Module are hardware options available for 
the RM 65 Microcomputer Module family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular desipn and low cost. 
Sbftwpre for RM 65 systems can be developed in R6500 
Assembly Language, PLy65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept in 
which any card can be inserted in any slot. The 64-line RM 65 
Bus offers memory addressing up to 128K bytes, provides high 
immunity to electrical noise and includes growth provisions for 
user functions. A selection of card cages allows packaging flex- 
ibility. RM 65 products can also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desktop microcomputer 
applications. 

PRODUCT OVERVIEW 

The RM65-5303E Analog Input/Output module provides either 
16 single-ended or 8 differential analog input channels with 
12-bit analog-to-dlgital conversion and two Independent analog 
output channels with 12-bit digital-to-analog conversion. This 
single moduli can satisf^^ a wide ran^e of applications requiring 
both monitoring and control of interfacing analog devices. For 
applications requiring only the monitoring of sensors* the RM65- 
5302E Analog Input module provides the sarne input capability 
as the RM65-5303E module but does not have analog output 
provision. 

The analog input sectiori is easily jumper configured to accept 
inputs in one of five voltage ranges in either single-ended or 
differehtial input connection (depending upon the position of a 
plug-in header). Automatic input conversion start upon reading 
of input data simplifies software processing. Each of the two 
independent analog output channels initiates output conversion 
automatically upon the receipt of output data thus similarly 
reducing software steps. Each output channel can also be sep- 
arately configured to operate in one of five output ranges with 
internal reference or in one of six output gain ranges with 
external reference - 

ORDERING INFORMATION 



Part No. 


Description 


RM65-5302E 
RM65-5303E 


Analog Input Module 
Analog Input/Output Module 


Order No. 


Description 


818 


Analog Input/Output Module User's Manual 
(included with RM65-5302E and RM65-5303E) 



FEATURES 

• Compact size— about 100 mm x 160 mm (4" x 61/4") 

• RM 65 Bus compatible 

• 16 Single-ended or 8 differential analog input channels 
—12-bit analog-to-digital converter (ADC) 

— Software control of input channel 
— Input over-voltage protected to ± 15V 
—Input impedance of 100 megohms minimum 
—Five analog input voltage ranges 
—70 db of common-mode rejection with differential inputs 
—Sample and hold isolation of analog input during conver- 
sion time 
—Software selectable data length conversion (8 or 12 bits) 
— Automatic conversion start upon reading the most signifi- 
cant byte 
— Maskable interrupt generation upon conversion completion 

• Two independent analog output channels each with: 
—12-bit digital-to-analog converter (DAC) 

—Five analog output voltage. ranges with internal reference 
— Six analog output gain ranges with external reference 
—Settling time of 6 microseconds 
— Double-buffered DAC data registers 
—Automatic conversion start upon writing the least signifi- 
cant byte 

• Trim potentiometers for zero-offset and full-scale reference 
adjustments 

• All analog I/O signais are available on a 40-pin connector 
compatible with mass-terminated twisted-pair cables 

• Fully assembled and tested with a one-year warranty 




RM65-5303E Analog Input/Output Module 



Document No. RMA65N27 
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FUNCTIONAL DESCRIPTION 

RM 65 BUS INTERFACE 

The Base Address Comparator compares the address lines to 
Base Address switches S1-1 through S1-8 to determine if the 
address is within the 256-byte (1 page) blocl< of memory selected 
by the switches. When the address lines match the switch 
positions, the module is enabled. 

Bank Select logic exclusively NORs the Bank Address line with 
the Bank Select switch position (S1 -9) then routes the output 
through the Bank Select Enable switch (S1-10) to select the 
bank (0, 1 or both) that the module responds to when addressed. 
This bank enable signal is then routed to the Command Decoder. 

Control Line Buffers invert and drive the read/write, reset, phase 
2 and address line onto the module for use by other on-board 
circuitry. The Interrupt Request from the ADC conversion logic 
and the Bus Active from the Address Decoder logic are driven 
onto the RM 65 Bus. 

Data Transceivers Invert and transfer eight parallel data lines 
t)etween the module and the RM 65 data bus. The transceivers 
are enabled by the Address Decoder logic when the module is 
addressed in the selected page and bank. The direction of data 
transfer is controlled by R/W. When the transceivers are ena- 
bled during a write operation, data is transferred from the RM 
65 data bus for use by the ADC MUX Channel Select, the ADC 
Control Register, or the two DACs. When the transceivers are 
enabled during a read operation, data is transferred to the RM 
65 data bus from the ADC, the ADC MUX Channel Monitor, or 
the ADC Status Register. 

COMMAND DECODER 

Command Decoder logic is enabled when the address is within 
the page selected by the base address switches, and the bank 
address matches the selected bank. When enabled, bus address 
lines BA1/ and BA2/ as well as R/W from the Control Line 
Buffers are decoded and combined with other logic into the fol- 
lowing major control lines, which enable the Data Transceivers, 
drive Bus Active, and control the other major module functions. 

ANALOG INPUT 

Analog input signals are routed from the J1 I/O Connector to 
the multiplexer (MUX) which consists of two 8-to-1 MUX devices. 
For single-ended inputs, the 16 individual signals are routed to 
one of the two MUX devices; eight channels (CH0-CH7) to MUX 
2 and eight channels (CH8-CH15) to MUX 1. The signal return 
is connected to ground through the corresponding channel return 
at Connector J1. For differential inputs, eight channels are con- 
nected to both MUX devices; eight (CHO+ through CH7+) to 
MUX 2 and the accompanying eight (CHO- through CH7-) to 
MUX1. 

The ADC MUX Channel Select logic latches the upper four RM 
65 data bus lines. When a Write ADC MUX Channel command 
is decoded by the Command Decoder, the encoded channel 
number (0 to 7) is output to the MUX devices. Latched data lines 
are routed to each MUX device to select one of eight channels. 
The high and low latched D7 and D7 lines are routed through 



the Analog Input Header to enable either MUX 1 or MUX 2. For 
single-ended inputs, MUX 2 is enabled when channel 0-7 is 
selected while MUX 1 is enabled when Channel 8-15 is selected. 
For differential inputs, both MUX deivlces are enabled when 
channel 0-7 Is selected. The ADC MUX Channel Monitor copies 
the latched MUX channel select lines onto data bus lines when 
a Read ADC MUX Channel Monitor command is decoded by 
the Command Decoder. 

The selected MUX output is routed through the Analog Input 
Header to the INST AMP. The plug-in shunt type header con- 
tains alternating open and closed circuits and is provided with 
the module to allow easy selection of either single-ended or 
differential inputs by merely reversing the orientation of the 
header in the socket. When single-ended inputs are selected, 
the high signal from the selected MUX device is routed to the 
INST AMP "+" input while GND is routed to the INST AMP "-" 
input. When a differential input is selected, the signal from MUX 
2 is connected to the INST AMP "+" input while the signal from 
MUX 1 is routed to the INST AMP "-*' input. One pin of the 
Analog Input Header socket is routed to ADC Status Register 
to indicate the installed position of the header to the processor. 

The INST AMP provides a precision gain to the differential 
voltage between its "+" and "-" input terminals. The ADC 
Amplifier Gain jumper allows a gain of either 1 or 2 to be 
selected. Two potentiometers allow the zero offset and gain to 
be adjusted. 

The S/H amplifier and associated hold capacitor samples the 
output from the INST AMP and holds its output steady while the 
interfacing ADC device converts the analog signal to the digital 
equivalent. 

A/D CONVERSION AND ADC READ LOGIC 

The ADC and associated A/D conversion/read logic controls the 
converting of the analog input signal to digital format and the 
transferring of the digital data onto the data bus. 

CONVERT A/D CYCLE 

The convert A/D cycle controls the sampling and holding of the 
analog input signal and its conversion to digital format. The con- 
vert cycle is initiated in response to a Read ADC MSB command. 

The ADC device uses a 12-bit successive approximation tech- 
nique to convert the analog Input voltage to a 12- or 8-bit digital 
format then stores the digital data in an internal data storage 
register (for subsequent output to data lines D0-D7 In response 
to read ADC commands). The Input Type jumper selects either 
unipolar or bipolar operation. The ADC Range jumper routes 
the input signal from the S/H to either the 10V or 20V input pin 
on the ADC. 

When the conversion is complete, the ADC Data Ready bit 
(ADCRDY) is set in the ADC Status Register. This Indicates that 
the conversion is complete and that ADC data may be read from 
the ADC. ADCRDY also generates the Interrupt Request If the 
Interrupt Enable (IRQEN) is set in the ADC Control Register. 

READ ADC CYCLE 

The converted analog input signal is output to the RM 65 data 
bus through Data Transceivers In response to one of two read 
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ADC commands decoded by the Command Decoder. One com- 
mand, Read ADC LSB, transfers the least significant byte con- 
sisting of the four least significant bits and four zeros onto the 
RM 65 data bus. One other command, Read ADC MSB, trans- 
fers the most significant byte consisting of the eight most sig- 
nificant bits onto the RM 65 data bus. The least significant byte 
is always read first since reading the most significant byte 
restarts the conversion cycle. 

ADC STATUS AND CONTROL REGISTER 

The ADC Status Register, when enabled by the decoded Read 
ADC Status Register command, drives the status of four signals 
onto the data bus. 

Signal Name Description 

HDRPOS Analog Input Header Position 

IRQENS Interrupt Request Enable Status 

ADCRDY ADC Data Ready 

IRQ- Interrupt Request Flag Status 

HDRPOS reflects the installed position of the Analog Input 
Header. IRQENS copies the Interrupt Request Enable Com- 
mand output from the ADC Control Register. ADCRDY indicates 
the ADC conversion status from the ADC. The IRQ- Interrupt 
Request Flag indicates if an interrupt request has been issued 
to the RM 65 Bus. 

The ADC Control Register, when enabled by the decoded Write 
ADC Control Register command, latches the lower four bits of 
the data bus lines to drive two ADC control signals. 

Signal Narne Description 

IRQENC Interrupt Request Enable Command 

12/8 Conversion Length 



IRQEN is the status of the interrupt enable command to the ADC 
Status Register. 12/8 is the A/0 conversion length command to 
the ADC device. 

ANALOG OUTPUT 

Analog output signals originate as digital data (two bytes) on 
the RM 65 Bus. These data bytes are input through the Data 
Transceivers into DAC 1 and DAC 2 in response to commands 
decoded by the Command Decoder and other logic to distin- 
guish the individual data bytes. These commands enable the 
respective DACs and initiate the data conversion upon writing 
of the least significant data byte. Two addresses associated with 
each DAC transfer the 12-bit digital data In separate 8-bit bytes. 

The reference voltage to each DAC may be either an internal 
precision reference originating from the ADC or an external 
input voltage of ±1 IV. Separate buffers amplify the internal ref- 
erence voltage and the external reference voltage. Either the 
internal or external reference voltage source is selected by a 
Reference Source jumper on each channel. 

The selected reference voltage is amplified using a gain selected 
by the DAC Reference Amplifier Gain jumper position. The DAC 
gain adjust potentiometer trims the amplifier gain. 

Each DAC provides an output current directly proportional to the 
product of the reference voltage and the digital input word. A 
second output current is similarly proportional to the comple- 
ment of the digital input value. 

An OP AMP converts the output current to a unipolar voltage 
and a second OP AMP converts the voltage to bipolar levels if 
jumper selected. One jumper selects the output gain while 
another jumper determines the output polarity. A potentiometer 
trims the output gain. 



DATA 
TRANS- 
CEIVERS 



CONTROL 

LINE 

BUFFERS 



BANK 

SELECT 

SWITCHES 



S/H « SAMPLE/HOLD 




Analog Input/Output Module Block Diagram 
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RM65-5302E. RM65-5303E 



Analog Input and input/Output Modules 





I/O Connector Pin Assignments 




Pin 


Signal 


I/O 


Pin 


Signal 


1 


ADCCHO (CHO+) 




2 


APCCHO GND 


3 


ADC CHI (CH1+) 




4 


ADC CHI GND 


5 


ADCCH2 (CH2+) 




6 


ADCCH2 GND 


7 


ADCCH3 (CH3+) 




8 


ADCCH3 GND 


9 


ADCCH4 (CH4+) 




10 


ADCCH4 GND 


11 


ADC CHS (CH5+) 




12 


ADC CHS GND 


13 


ADCCH6 (CH6+) 




14 


ADCQH6 GND 


15 


ADCCH7 (CH7+) 




16 


ADC CH7 GND 


17 


ADC CHS (CHO-) 




18 


ADC CHS GND 


19 


ADCCH9 (CH1-) 




20 


ADGCH9 GND 


21 


ADCCH10(CH2-) 




22 


ADC CHI GND 


23 


ADC CH1 1 (CH3-) 




24 


ADC CH1 1 GND 


25 


ADCCH12(CH4-) 




26 


ADGCH12GND 


27 


ADCCH13(CH5-) 




28 


ADC CHI 3 GND 


29 


ADCCH14(CH6-) 




30 


ADC CHI 4 GND 


31 


ADCC15 (CH7-) 




32 


ADC CHI 5 GND 


33 


DAC 2 OUT 





34 


DAC 2 GND 


35 


DAC 1 OUT 





36 


DAC 1 GND 


37 


External Reference 


1 


38 


External Reference GND 


39 


GND ■ 


— 


40 


GND 


Notes: 






1- Signal name in parentheses applies to differential input connection. 




2. Pins 39 and 40 ar 


e connected internally to DAC 2 GND. 





RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


1a 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


'Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


'Buffered Address Bit 6 


9a 


BA5/ 


'Buffered Address Bit 5 


9c 


BA4/ 


'Buffered Address Bit 4 


10a 


BA3/ 


* Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


'Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B0'l 


'Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


'Buffered Sync 


14a 


BSO 


* Buffered Set Overflow 


14c 


BDRQ1/ 


'Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




*User Spare 1 


16c 


-12V/-V 


-15 Vdc 


17a 


+ 12V/+V 


+15Vdc 


17c 




'User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


'Buffered Bus Float 


19a 


BDMT/ 


* Buffered DMA Terminate 


19c 


BJ^'O 


'Buffered External Phase Clock 


20a 




*User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


'Buffered DMA Request 2 


22a 




*System Spare 


22c 


BR/W 


'Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRO/ 


Buffered Interrupt Request 


24c 


BNMI/ 


'Buffered Non-Maskable Interrupt 


25a 


B02/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


Bj2f2 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


. 29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5 Vdc 


32c 


GND 


Ground 


Note: 












* Not used 


on this module. 
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RM65-5302E. RM65-5303E 



Analog Input and Input/Output Modules 



Analog Input/Output Module Conversion Characteristics 


Characteristic 


Value 


Analog Inputs 




Number of Inputs (Header Selectable) 




Single-Ended 


16 


Differential 


8 


Input Voltage Ranges (Jumper Selectable) 




Unipolar 


Oto +5V, Oto+lOV 


Bipolar 


± 2.5V, ± 5V,± 10V 


Input (Bias) Current 


± 50 nA (max.) (25°C) 


Input Impedance 




ON Channel 


3 X 109 ohm, 50 pf 


OFF Channel 


1 X 10^0 ohm, 20 pf 


Input Over voltage 


± V ± 15V (max.) (± V supply ON or OFF) 


Input Overvoltage Current 


15ma(±V±15V) 


Common Mode Rejection 




(Differential) (DC-60 Hz with 1K ohm source unbalance) 


74db(min.) 


Resolution 


12 bits (1 part in 4096) 


Accurancy 




Gain error 


0.3% FSR (max., adjustable to zero) 


Unipolar offset 


± 110 mV (max., adjustable to zero) 


Bipolar offset 


± 150 mV max., adjustable to zero) 


Linearity error 


0.1% FSR (max.) 


Temperature Coefficients 




Gain 


±50 PPM FSR rC 


Offset 


±60 PPM FSR /°C 


Differential Linearity (no missing codes over temperature range) 


10 Bits 


Signal Dynamics 




Conversion Time (from read of most significant byte) 




12-Bit 


35 /xs— typical 




45 /AS — maximum 


8-Bit 


25 A^s— typical 




35 jLts— maximum 


Small-signal Bandwidth^ 1% flatness 


50 kHz 


Full Peak Response 


15 kHz 


Analog Outputs 




Numt)er of Outputs 


2 


With Internal Reference Voltage 




6 utput Voltage Ranges (Jumper Selectable) 




Unipolar 


0to+5V, Oto +10V 


Bipolar 


± 2.5V, ± 5V, ± 10V 


With External Reference Voltage (V RE f) . 




Input Impedance 


4.7K ohms ± 5% 


Reference Voltage Range 


± 11V 


Output Voltage Gain Range (Jumper Selectable) 




Unipolar 


. to +.5 Vref, to Vref, to 2 Vref 


Bipolar 


± .25 Vref. ± -SVref, ± Vref 


Output Drive Current (± 10V) 


+5 mA (min) 


Resolution 


12 Bits (1 part in 4096) 


Accuracy 




Gain Error 


0.3% FSR (max., adjustable to zero) 


Unipolar Offset 


30 mV (max., adjustable to zero) 


Bipolar Offset 


60 mV (max., adjustable to zero) 


Linearity Error 


0.05% FSR (max.) 


Temperature Coefficients 




Gain 


± 60 PPM FSR /°C 


Offset 


±15 PPM FSR /°C 


Differential Linearity (no missing codes over temperature range) 


10 Bits 


Signal Dynamics 




Settling time to 0.05% FSR 


10 /as 


Output Slew Rate 


10V//AS 



B 
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Analog Input and Input/Output Modules 



SPECIFICATIONS 



Parameter 


Value 


Dimensions (1, 2,3) 
Width 
Length 
Height 


100 mm (3.94 in.) 
160 mm (6.3 in.) 
14 mm (0.56 in.) 


Weight 


156 g (5.5 02.) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 

-40°C to +85°C 

0% to 85% (without condensation) 


Power Requirements 

Analog Input/Output (RM65-5303E) 

Analog Input (RM65-5302E) 


+5 Vdc ± 5% at 425 mA— typical, 675 mA— max. 
+ 15 Vdc ± 5% at 30 mA— typical, 60 mA— max. 
-15 Vdc ± 5% at 40 mA— typical, 80 mA— max. 

+5 Vdc ± 5% at 425 m A— typical, 675 mA— max. 
+ 15 Vdc ± 5% at 12 mA— typical, 25 mA— max. 
-15 Vdc ± 5% at 25 mA— typical, 50 mA— max. 


Connectors 

RM 65 Bus Connector PI 

I/O Connector J1 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed)— mates 
with Burndy P196B32R00A00L-9 or equivalent. 
40-pin mass termination (0.100 in. centers)— mates with Burndy 
FRS40BS4P connector or equivalent. 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 



LENGTH 



n 



MATING 

MOTHERBOARD 
^ AND RECEPTACLE 



EUROCARD CONNECTOR 
COMPONENT AREA 

HEIGHT t-P 



T 



Module Dimensions 



^1 EUROCONNECTOR 

u^ [^- EXTENSION 



Module Dimensions 
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BM65-545tE 

RM 65 Microcomputer Family 




RM65-5451E 

RM 65 ASYNCHRONOUS COMMUNICATIONS 

INTERFACE ADAPTER (ACIA) MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-5451 E ACIA Module is on© of the hardware options 
available for the RM 65 Microcomputer Module family. 

RM 65 Micrdcornputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PU65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desk-top microcomputer applications. 

PRODUCT OVERVIEW 

The RM65-5451E Asynchronous Communications Interface 
Adapter (ACIA) Module interfaces two independent, asyn- 
chronous serial I/O channels to the RM 65 Bus. Each channel 
may operate as a data terminal or a data set, as selected by 
jumpers on the module. Both RS-232C and 20 ma TTY current 
loop iriterfaces are provided on Channel No. 1. An RS-232C 
interface is provided on Channel No. 2, 

Each I/O channel performs serial-to-parallel and parallel-to-serial 
data conversions using an R6551 Asynchronous Communica- 
tion Interface Adapter (ACIA). Both receiver and transmitter may 
operate with a programmable word length of 5, 6, 7, or 8 bits. 
Further, each channel can transmit and receive at 15 different 
program-selectable rates, between 50 and 19,200 baud. The 
receive rate Is the same as the transmit rate. 



FEATURES 

• Compact size— Approximately 4" x 6V4" (100 mm x 160 mm) 

• Buffered address, data and control lines 

• Two independent channels 

• On-board 1 .8432 MHz crystal frequency reference 

• Programmable baud rate selection of 1 5 different rates (50, 
75, 109.92, 134.58, 150, 300, 600, 1200, 1800, 2400, 3600, 
4800, 7200, 9600, or 19,200 bits per second) 

• Programmable control of: 
—Word length (5, 6, 7 or 8 bits) 
—Number of stop bits (1 , 1 Va, 2) 
—Parity (odd, even or none) 

• Address select switch allows the starting address of the serial 
channel I/O to be assigned to a page boundary. 

• On-board DC/DC Converter allows +5V only operation for 
RS-232 interface. 



ORDERING INFORMATION 



Part No. 


Description 


RM65-5451E 


Asynchronous Communications Interface 
Adapter (ACIA) Module 


Order No. 


Description 


804 


Asynchronous Communications Interface 
Adapter (ACIA) Module User's Module 




B 
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RM65-5451E 



ACIA Module 



FUNCTIONAL DESCRIPTION 

The Data Transceivers invert and transfer 8-bits of parallel data 
between the R6551 ACIA devices and the RM 65 Bus depending 
on the state of the transceiver enable and read/write signals. 
During a write operation, the data received from the bus are 
written into the addressed ACIA device. During a read opera- 
tion, the data read from the addressed ACIA device are driven 
onto the bus. When the ACIA module is not addressed, the 
transceivers are disabled. 

The Address Buffers invert and transfer the three least signifi- 
cant address lines to the ACIA devices. Two lines generate the 
register address while one line selects one of the two ACIA 
devices. 

The Control Buffers invert and drive the bank address, clock 
and read/write signals from the bus onto the module and drive 
the bus active and interrupt request lines onto the bus. 

The ACIA module may be assigned to common banks (both 
Bank and Bank 1) or to a dedicated bank (either Bank or 
Bank 1 ), depending on the Bank Select and Bank Select Enable 
switch positions. The Bank Select Control circuit detects when 
the ACIA module is bank-addressed, by comparing the bank 
address control signal from the RM 65 Bus with the Bank Select 
switch position, if a match occurs and the Bank Select Enable 
switch is on, base address decoding is enabled. 

The Base Address Buffer/Comparator buffers the eight most 
significant address lines from the bus and compares them to 
the Base Address Select switches. When a match occurs, the 
ACIA module is enabled. 



Two R6551 ACIA devices convert data from serial-to-parallel 
format for input to the RM 65 Bus- and from parallel-tp-serial 
format for output from the bus. Each ACIA device contains a 
programmable control register to allow baud rate, vyord. length 
and the number of stop bits to be. programmed. A command 
register allows ACIA interrupt and parity modes to be specified 
under program control. A status register may be interrogated to 
determine the status of the data transfer and the cause for an 
interrupt request. 

The RS-232 Interface circuit contains line receivers and line 
drivers, to convert signals from internal TTL levels to external 
RS-232C levels. Jumpers are provided to specify Data Set or 
Data Terminal operation. Jumpers are also provided to simulate 
RS-232 control signals that are not available from the interfacing 
equipment. 

Opto-couplers in the TTY Interface circuit provide 20 ma current 
loop sourcing and sinking between the ACIA module and an 
external TTY. 

A 1.8432 Mhz crystal generates the data transmission fre- 
quency reference, which the ACIA devices convert to the desired 
baud rate under program control. 



The DC/DC Converter generates 
RS-232 operation. 



bl2 Vdc from +5 Vdc for 



Power Source For TTY Operation 

For TTY operation, the ±12 Vdc must be obtained from the RM 
65 Bus, by removing the DC/DC voltage converter and installing 
two jumpers. 
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iM6S*.5451E 










ACIA Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Top (Component Side) 




Signal 




input; 




Signal 




input/ 


Pin 


Mnemonic 


Signal Name 


Output 


Pin 


Mnemonic 


Signal Name 


Output 


la 


GND 


Ground 




1c 


+5V 


4-5 Vdc 




2a 


BADR/ 


Buffered Bank Address 


1 


2c 


BA15/ 


Buffered Address Bit 15 


1 


3a 


GND 


Ground 




3c 


BA14/ 


Buffered Address Bit 14 


1 


4a 


BA13/ 


Buffered Address Bit 13 


1 


4c 


BA12/ 


Buffered Address Bit 12 


1 


5a 


BA11/ 


Buffered Address Bit 1 1 


1 


5c 


GND 


Ground 




6a 


BA10/ 


Buffered Address Bit 10 


1 


6c 


BA9/ 


Buffered Address Bit 9 


1 


7a 


BA8/ 


Buffered Address Bit 8 


1 


7c 


BA7/ 


•Buffered Address Bit 7 




8a 


GND 


Ground 




8c 


BA6/ 


'Buffered Address Bit 6 




9a 


BA5/ 


*Buffered Address Bit 6 




9c 


BA4/ 


•Buffered Address Bit 4 




10a 


BA3/ 


'Buffered Address Bit 3 




10c 


GND 


Ground 




11a 


BA2/ 


Buffered Address Bit 2 


1 


11c 


BA1/ 


Buffered Address Bit 1 


1 


12a 


BAO/ 


Buffered Address Bit 


1 


12c 


B0^ 


•Buffered Phase 1 Clock 




13a 


GND 


Ground 




13c 


BSYNC 


•Buffered Sync 




14a 


BSO 


•Buffered Set Overflow 




14c 


BDRQ1/ 


Buffered DMA Request 1 




15a 


BRDY 


♦Buffered Ready 




16c 


GND 


Ground 




16a 




• User Spate 1 




16C 


-12V/-V 


-12Vdc/~V 




i7a 


+ 12V/+V 


+12Vdc/+V 




17c 




•User Spare 2 




18a 


GND 


Ground Line 




18G 


BFLT/ 


•Buffered Bus Float 




19a 


BDMT/ 


•Buffered DIVIA Terminate 




19c 


B^O 


•Buffered External Phase Clock 




20a 




•User Spare 3 




20c 


GND 


Ground 




21a 


BR/W/ 


Buffered Read/Write "Not" 


1 


21c 


BDRQ2/ 


•Buffered DMA Request 2 




22a 




•System Spare 




22c 


BR/W 


•Buffered Read/Write 




23a 


GND 


Ground 




23c 


BACT/ 


Buffered Bus Active 





24a 


BIRQ/ 


Buffered Interrupt Request 


o 


24c 


BNMI/ 


•Buffered Non-Maskable Interrupt 




25a 


B02I 


Buffered Phase 2 "Not" Clock 


1 


25c 


GND 


Ground 




26a 


QfS2 


•Buffered Phase 2 Clock 




26c 


BRES/ 


Buffered Reset 


1 


27a 


BD7/ 


Buffered Data Bit 7 


I/O 


27c 


BD6/ 


Buffered Data Bit 6 


I/O 


28a 


GND 


Ground 




28c 


BD5/ 


Buffered Data Bit 5 


I/O 


29a 


BD4/ 


Buffered Data Bit 4 


I/O 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


30c 


GND 


Ground 




31a 


BD1/ 


Buffered Data Bit 1 


I/O 


31c 


BDO/ 


Buffered Data Bit 


I/O 


32a 


+5V 


+5 Vdc 




32c 


GND 


Ground 




Note: 














*Not used on this mod 


ule. 













I/O Connector J1— TTY Interface 



Pin 


Signal 
Mnemonic 


Signal Name 


Input/Output 


1 
2 
3 
4 


RTS 
TD 
Rb 
-12V 


Request-To- Send 
Transmit Data 
Receive Data 
-12 Vdc 





1 







I/O Connector J2 and J3— RS-232 interface 






Signal 




Input/Output 


Pin 


Mnemonic 


Signal Name 


Data Set 


Data Terminal 


1 


GND 


Ground 






2 


W 


Transmit Data 


1 


O 


3 


m 


Receive Data 


O 


1 


4 


RTS 


Request-To-Send 


1 





5 


CTS 


eiear-To-Send 





.' !• .■ 


6 


DSR 


Data-Set-Ready 





1 


7 


GND 


Ground 






8 


DCD 


Data-Carrier-Detected 





1 


9-19 




Not Used 






20 


DTR 


Data-TerminalrReady 


1 





21-26 




Not Used 
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RM65-5451E 



ACIA Module 



SPECIFICATIONS 



Parameter 



Value 



Dimensions (1, 2, 3) 
Width 
Length 
Height 



3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 



Weight 



5.2 0Z. (145g) 



Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 



0°C to 70°C 

-40°C to +85°C 

0% to 85%, without condensation 



Power Requirements 

RS-232 Interface Operation, with DC/DC Converter 



TTY Operation, without DC/DC Converter 



+5 Vdc ±5% @ 0.4A (2.0W)— Typical 

0.7A (3.5W)— Maximum 

+5 Vdc ±5% @ 0.5A (2:5W)— Maximum 
+12 Vdc ±10% @ 0.12A (i.4W)— Maximum 
-12 Vdc ±10% @ 0.1 2A (1 .4W)— Maximum 



Interfaces 

RM 65 Bus 

I/O Interface 
RS-232 
TTY 



64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 



26-pin mass termination connector (0.100 in. centers) 
4-pin plug (0.156 in. centers) 



Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-7004 

RM 65 Microcomputer Family 




RM65-7004E AND RM65-7004NE 

RM 65 4-SLOT PIGGYBACK MODULE STACK 

AND MOTHERBOARD 



RM 65 MICROCOMPUTER MODULES 

The RM65-7004E 4-Slot Piggyback Module Stack (PMS) and 
RM65-7004NE Motherboard is one of the hardware options 
available for the RM 65 Microcomputer Module family. 

RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A set of card cages allows a broad variety of packaging 
options. RM 65 products may also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development and 
desktop microcomputer applications. 



FEATURES 

• 4-slot card cage with integral module guides 

• Rugged, but lightweight construction 

• Accepts axial module cooling fan 

• Screw-down terminals for connecting external power (+5V, 
+ 12V/+V, -12V/-V, GND) 

• Predrilled holes for various mounting configurations 

• Assembled, tested and warranted 



ORDERING INFORMATION 



Part No. 


Description 


RM65-7004E 
RM65-7004NE 


4-Slot Piggyback Module Stack 
4-Slot Motherboard 



PRODUCT OVERVIEW 

The 4-Slot Piggyback Module Stack (PMS) consists of a 4-slot 
RM 65 Bus compatible motherboard in a card cage. Memory, 
I/O or special functions may be added to the AIM 65 Microcom- 
puter by use of the PMS. When connected to the AIM 65 Master 
Module through the Buffer/Adapter Module, the PMS may be 
mounted over, under, or behind the AIM 65 Master Module in 
a variety of orientations to meet unique application require- 
ments. The form factor of the PMS allows low profile placement 
in a table top or terminal style enclosure. 

The 4-Slot Motherboard is a printed circuit board (PCB) less 
four connectors, mini-terminal strip, four mounting blocks used 
to fasten the PCB to the card cage. Connectors, mini-terminal 
strip and custom mounting blocks can easily be added to meet 
unique installation requirements. 





RM65-7004E 4-Slot Piggyback Module Stack (PMS) 
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RM 65 Bus Pin Assignments 


■■■ ." •■:•'■■ .;;■ -^'y'r.:::: y ,:...#;:■'■•, ■ ,■■■'■-'/ 


Bottom (Solder Side) | 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


SignalName . . 


1a 


GND 


Ground 


1c 


+5V 


+5Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B^l 


Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


Buffered Sync 


14a 


BSO 


Buffered Set Overflow 


14c 


BDRQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




User Spare 1 


16c 


-12V/-V 


-12Vdc/-V 


17a 


4-12V/+V 


+ 12 Vdc/+V 


17c 




User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


Buffered Bus Float 


19a 


BDMT/ 


Buffered DMA Terminate 


19c 


BjZfO 


Buffered External Phase Clock 


20a 




User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


Buffered DMA Request 2 


22a 




System Spare 


22c 


BR/W 


Buffered Read/Write . 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


25a 


B02/ 


Buffered Phase 2 "Not" Clocl< 


25c 


GND 


Ground 


; 26a 


B02 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset . 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


. Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 


32c 


GND 


Ground 



9-74 



RM65-7004E« RM65^7004NE 4-Slot Piggyback Mddule Stack and Motherboard 



MOTHERBOARD CONNECTION AND 
MODULE INSTALLATION 

Connect power to TB1 . The power lines should be long enough 
to allow the PMS to be oriented and positioned as required. 

WARNING 

The external power supplies must be turned off before 
connecting to TB1 . 

a. Connect +5V from an external power supply to the terminal 
marked "+5". "+5" is connected to all +5V pins on all 
module receptacles. 

b. Connect GND from the power supply to either terminal marked 
"G". Both of these terminals are connected to all GND pins 
on all module receptacles. 

c. Connect +1 2V/+ V from an external power supply to the ter- 
minal marked "+V". "+V" is connected to Pin 17a on each 
module receptacle. 

d. Connect GND from the +12V/+V power supply to either "G" 
terminal. 

e. Connect -12V/-V from an external power supply to the ter- 
minal marked "-V". "-V" is connected to Pin 16c on each 
module receptacle. 

f. Connect GND from the -12V/-V power supply to either "G" 
terminal. 

Install the PMS in the desired position. Mounting holes are pro- 
vided to allow attachment at the top or bottom of the PMS. 

CAUTION 

Ensure that neither the left nor right side of the PMS is 
blocked such that the flow of forced cooling air is impeded. 

NOTE 

If the PMS is positioned on the AIM 65 Master Module, 
ensure that the PMS feet rest in areas free of components. 

Attach an axial cooling fan to the left side of the PMS. Connect 
the cooling fan power leads to the required power supply. 

The following 35/8 inch cooling fans or equivalent are 
recommended: 

Manufacturer— ETRI Inc 

; Model 760-99XW-1 82-1 11 15* 

115 Vac, 50/60 Hz, 6 watts 

2500 RPM. 30 CFM 

10 oz. 
• Model 760-99XW-1 81 -1 1 220* 

220 Vac, 50/60 Hz, 6 watts 

2500 RPM, 30 CFM 

10 oz. 



Manufacturer — ROTRON Inc 

• Model WA2F79** 

115 Vac, 50/60 Hz, 13 watts 
3000 RPM, 33 CFM 
9 oz. 

• Model WA2F77** 

220 Vac, 50/60 Hz, 13 watts . 

3000 RPM, 33 CFM 

9oz. 

** Includes two 6" power leads. 

NOTE 

ETRI Finger guard Model 760-9901 -43 may be used with 
any of these fans. 

Install a module in the PMS as follows: 



CAUTION 

Power must be turned off to the PMS motherboard before 
installing a module. 

a. Position the module, component side up, in front of the 
desired card slot. 

Card slot No. 1 (top-most slot) has 0.85 inch of component 
clearance whereas the other three slots are on 0.6 inch cen- 
ters. If a module is higher than 0.4 inches above the surface 
of the module, install it in card slot No. 1. 

b. Insert the module into the card guide and slide the module 
straight in until it touches. the mating motherboard receptacle. 

NOTE 

The card slot guides may be snug on the inserted module. 

c. Ensure that the module connector is positioned properly 
against the mating receptacle. 

d. Press in firmly on the exposed edge of the module until it is 
firmly seated. 

Remove a module from the PMS as follows: 

CAUTION 

Remove power from the PMS motherboard before 
removing a module. 

a. Lift up on the module ejector tab, if installed; otherwise grasp 
the exposed edge of the module and pull, to release the 
module from the mating receptacle. 

b. Pull the module straight back until it is free from the card slot 
guides. 




*Requires plug-in power cord, 30" long— Model 760-9601-6. 
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4.CONNECTOR MOTHERBOARD 
ASSEMBLY 



The RM65-7004NE 4-slot motherboard can be assembled as 
follows: 



b. Solder the receptacle pin connections to the back of the 
PCB. 



a. Install up to four module connectors (receptacles) from the 
front of the PCB. Be sure to observe correct connector ori- 
entation. The following connectors or their equivalent, may 
be used: 



Part No. 


Manufacturer 


P196B32R00K00K9 


Burndy Corporation 
Norwalk, CT 06856 


96S-6033-0531-3 


Winchester Electronics 
Oakville, CT 06779 


00-8257-096-649-124 


EIco Corporation 
Huntington, PA 16652 



c. Install the mini-terminal strip to the power supply connection 
holes from the back of the PCB. 

d. Solder the mini-terminal strip leads to the front of the PCB. 



r^ 



/^ 



2.750 

(69.9 MM) 0.8 

(20.3 MM) 




BOTTOM VIEW 



T" 



TUL 



LOWER FAN MOUNTING TABS THIS SIDE ONLY 



LEFT SIDE VIEW 



(3.8MM) 

END VIEW 



4-Slot Piggyback Module Stack and Motherboard 



-^ 



ji ii 
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SPECIFICATIONS 


Parameter 


Value 


RM65-7004E 4-Slot PMS Dimensions 

Width 

Length 

Height 


4.96 in. (126 mm) 
8.00 in. (203 mm) 
3.89 in. (99 mm) 


Weight 


13oz. (370g) 


IModuie Separation 

Slot 1 : Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


0.85 in. (22 mm) 
0.6 la (15 mm) 


RIM65-7004NE Motherboard Dimensions 

Width 

Length 

Height 


3.938 in. (100 mm) 
2.562 in. (65.1 mm) 
0.062 in. (1.6 mm) 


Hole Size 

Uncoded 

A 

B 


0.037 in. (0.940 mm) dia. 
0.044 in. (1.12 mm) die. 
0.128 in. (3.25 mm) dia. 





BRES- GND 



GND +V GND 




N>OP)nNCMCMCM(NCMCN(NCNrM'-t-t-t-r- i-i-i-i-»-O)00r« tfJlO^O fM»-XS 

oooooooooooooooooooooooooooooooooooo c 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO A 

^ 



^ 

loooooooooooooooooooooooooooooooooooo 

2 

I oooooooooooooooooooboooooooooooooooo 



I oooooooooooooooooooooooooooooooooooo 

3 

1 000000000000000000000000000000000000 

^— < 

loooooooooooooooooooooooooooooooooooo 

1 oooooooooooooooopooooooooooooooooo 



2.562 
(65.1 MM) 



.400 
(10.2 MM) 



1.600 
(40.6 MM) 



-A 



C \b 



.500 
(12.7 MM) 




RM65-7004NE 4-Slot Motherboard (Rear View) 
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RM65-7008 

RM 65 Microcomputer Family 




RM65-7008E AND RM65-7008NE 

RM 65 8-SLOT CARD CAGE 

AND MOTHERBOARD 



RM 65 MICROCOMPUTER MODULES 

The RM65-7008E 8-Slot Card Cage and RM65-7008NE 8-Slot 
Motherboard is one of the hardware options available for the 
RM 65 Microcomputer Module family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A set of card cages allows a broad variety of packaging options. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product developrrient and desktop 
microcomputer applications. 



PRODUCT OVERVIEW 

The R.M65-7008E 8-stot Card Gage consists of an 8-slot RM 65 
Bus compatible motherboard in a card cage. Memory, I/O or 
special functions may be added to the AIM 65 Microcomputer 
by use of the 8-slot card cage. When connected to the AIM 65 
Master Module through the Buffer/Adapter Module, the card 
cage may be mounted over, under, or behind the AIM 65 Master 
Module in a variety of orientations to meet unique application 
requirements. The form factor of the 8-slot card cage allows low 
profile placement in a table top or terminal style enclosure. 

The RM65-7008NE 8-Slot Motherboard is a printed circuit board 
(PCB) less eight connectors, three filter capacitors, two mini- 
terminal strips and eight mounting blocks used to fasten the 
PCB to the card cage. Connectors, mini-terminal strips, filter 
capacitors and custom mounting blocks as needed can easily 
be added to meet unique installation requirements. 



FEATURES 

• 8-slot card cage with integral module guides 

• Rugged, but lightweight construction 

• Accepts axial module cooling fan 

• Screw-down terminals for connecting external power (+5V, 
+ 12V/+V, -12V/-V, GND) 

• Predrilled holes for various mounting configurations 

• Assembled, tested and warranted 

• Removable jumpers on motherboard support ±12V as well 
as ±V. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-7008E 
RM65-7008NE 


8-Slot Card Cage 
8-Sbt Motherboard 




RM65-7008E 8-Slot Card Cage 



Document No. RMA65N09 
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RM 65 Bus Pin Assignments 




Bottom (Solder Side) { 


top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


1a 


QND 


Ground 


1c 


+5V 


+5Vdc 


2a 


BADi=l/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground ^ 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B0^ 


Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


Buffered Sync 


14a 


BSO 


Buffered Set Overflow 


14c 


BDRQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




User Spare 1 


16c 


-12V/-V 


-12Vdc/-V 


17a 


+ 12V/+V 


+12 Vdc/+V 


17c 




User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


Buffered Bus Float 


19a 


BDMT/ 


Buffered DMA Terminate 


19c 


Bj2f0 


Buffered External Phase Clock 


20a 




User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


Buffered DMA Request 2 


22a 




System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNIVII/ 


Buffered Non-Maskable Interrupt 


25a 


8^2/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


Bj^2 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 


32c 


GND 


Ground 



MOTHERBOARD CONNECTION AND 
MODULE INSTALLATION 

Connect power to TBI and/or TB2. The power lines should be 
long enough to allow the card cage to be oriented and posi- 
tioned as required. 

WARNING 

The external power supplies must be turned off before 
connecting to TB1 or TB2. 

a. Connect +5V from an external power supply to either ter- 
minal mari^ed "+5". "+5" Is connected to all +5V pins on 
all module receptacles. 

b. Connect GND from the power supply to either terminal marked 
"G". Both of these terminals are connected to all GND pins 
on all module receptacles. 

c. Connect ,+ 12V/+V frbm an external power supply to the ter- 
minal marl<ed "+V". "+V" is connected to Pin 17a on each 
module receptacle. 



NOTES 

If both +12V and +V (e.g., -I-15V) are required, remove 
the soldered jumper corresponding to pin 17a between 
receptacle 6 and 7 on the soldered side of the mother- 
board. Connect + 12V to TB1 if six or less modules require 
+12V, or to TB2 if rnore than six modules require -h12V. 
Connect +V to the other terminal strip. 

If the jumper has been removed and only one voltage is 
required (i.e., +12V or +V), connect the power lead to 
both TBI and TB2. 

d. Connect GND from the + 12V/+ V power supply to either "G" 
terminal. 

e. Connect -12V/-V from an external power supply to the ter- 
minal marked "-V". "-V" is connected to Pin 16c on each 
module receptacle. 

NOTES 

If both -12V and -V (e.g., -15V) are required, remove 
the soldered jumper corresponding" to pin 16c between 
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receptacle 6 and 7 on the soldered side of the mother- 
board. Connect -12VtoTB1 ifsix or less modules require 
-12V or to TB2 if more than six modules require -12V. 
Connect -V to the other terminal strip. 

If the jumper has been removed and only one voltage is 
required (i.e., ~12V or -V) connect the power lead to 
bothTBI andTB2. 

f. Connect GND from the -12V/-V power supply to either "G" 
terminal. 

Install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the top or bottom of the card 
cage. 



CAUTION 

Adequate cooling must be provided to keep the temper- 
ature of the installed modules within specified operating 
limits. 

Install a module in the card cage as follows: 



CAUTION 

Power must be turned off to the card cage motherboard 
before installing a module. 

a. Position the module, component side facing TB1 end, in front 
of the desired card slot. 

Card slot No. 1 (slot closest to TB1) has 0.85 inch of com- 
ponent clearance whereas the other fifteen slots are 0.6 inch 
centers. If a module is higher than 0.4 inch above the surface 
of the module, install it in card slot No. 1 . 



CAUTION 

If ± 12V and ±V have tieen connected to different terminal 
strips (TB1 or TB2), ensure that any modules requiring 
± 1 2V or ± V are installed in the slots corresponding to the 
proper voltage. 

b. Insert the module into the card guide and slide the module 
straight in until it touches the mating motherboard receptacle. 

NOTE 

The card slot guides may be snug on th6 Inserted module. 

c. Ensure that the module connector is positoned properly 
against the mating receptacle. 

CAUTION 

A key is installed in each edge connector receptacle 
between pin 5 and piri 6. Forcing an edge connector 
module without a corresponding slot in the plug may 
damage the receptacle and/or the module. 

d. Press in firmly on the exposed edge of the module until It is 
firmly seated. 

Remove a module from the card cage as follows: 

CAUTION 

Remove power from the card cage motherboard before 
removing a module. 

a. Lift up on the module ejector tab, if installed; otherwise grasp 
the exposed edge of the module and pull, to release the 
module from the mating receptacle. 

b. Pull the module straight back until It Is free from the card slot 
guides. 



SPECIFICATIONS 



Parameter 


Value 


8-Slot Card Cage Dimensions 

Width 
Length 
Height 
Module Separation 
Slot 1 : Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


' — ■■ ■ 

4.96 in. (126 mm) 
8.00 in. (203 mm) 
6.40 in. (162.6 mm) 

0.85 in. (22 mm) 
0.6 in. (15 mm) 


Weight 


1 lb. 6 oz. (624 g) 


8-Slot Motherboard Dimensions 

Width 
Length 
Height 


3.938 in. (100 mm) 
5.725 in. (145 mm) 
0.062 in. (1-6 mm) 


Hole Size 

Uncoded 

A 

B 


0.037 In. (0.940 mm) dia. 
0.044 in. (1.12 mm) dia 
0.128 in. (3.25 mm) dia. 
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7.25 REF 
"(184.2 MM)" 



6.50 
(165.1 MM) 




LEFT SIDE VIEW 



-\2J 



^INSTALL MODULES FROM 
THIS END 



2,750 
(69.9 MM) 




>o 



4.96 
" (126MM>'' 



.85 

(21 .6 MM) 



I- TBI -" 



0.6 

(15.2 MM) 

TYP 7 PLACES 



0.2 

(5 MM) 



T" 



6.4 
(162.6 MM) 



END VIEW 



8-Slot Card Cage Dimensions 
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8-SLOT MOTHERBOARD ASSEMBLY 

The RM65-7008NE 8-slot motherboard can be assembled using 
the printed circuit board as follows: 

a. Install up to eight module connectors (receptacles) from the 
front of the PCB. Be sure to observe correct connector ori- 
entation. The following connectors or their equivalent, may 
be used: 



Part No. 


Manufacturer 


P196B32RO0K00K9 


Burndy Corporation 




Norwalk, CT 06856 


96S-6033-0531-3 


Winchester Electronics 




Oakville, CT 06779 


00-8257-096-649-124 


EIco Corporation 




Huntington, PA 16652 



b. Solder the receptacle pin connections to the back of the 
PCB. 



c. Install three 100 ufd, 25 Vdc capacitors from -t-5V to GND, 
+V to GND, and -V to GND, from the front of the PCB. Be 
sure to observe correct polarity. 



d. Solder the capacitor leads to the back of the PCB. 



e. Install one or two miniterminal strips to the power supply con- 
nection holes from the back of the PCB. 



f. Solder the miniterminal strip leads to the front of the PCB. 



BRES- GNO -hS GND -t-V GND -V 




oooooooooooooooooooooooooooobooooooo c 
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+5 GND W GND -V 
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(92.0 MMJ" 



4.000 

(101.6 r 



2.800 
(71.1 MM) 



(10.2 MM) 

(12.7, 
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RM65-7008NE 8-Slot Motherboard (Rear View) 
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RM65-7016E AND RM65-7016NE 

RM 65 16-SLOT CARD CAGE 

AND MOTHERBOARD 



RM 65 MICROCOMPUTER MODULES 

The RM65-7016E 16-Slot Card Cage and RM65-7016NE Moth- 
erboard are one of the hardware options available for the RM 
65 Microcomputer Module family. 

RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language. PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and Includes growth provisions for user functions. 
A set of card cages allows a broad variety of packaging options. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and desktop 
microcomputer applications. 

PRODUCT OVERVIEW 

The RM65-7016E 16-slot card cage consists of a 16-slot RM 65 
Bus compatible motherboard in a card cage. Memory, I/O or 
special functions may be added to the AIM 65 Microcomputer 
by use of the 16-slot card cage. When connected to the AIM 65 
Master Module through the Adapter/Buffer, the card cage may 
be mounted over, under, or behind the AIM 65 Master Module 
in a variety of orientations to meet unique application require- 
ments. The form factor of the 1 6-slot card cage allows low profile 
placement in a table top or terminal style enclosure. 

The RM65-7016NE 16-Slot Motherboard is a printed circuit 
board (PCB) less 16 connectors, two mini-terminal strips, three 
filter capacitors and 16 mounting blocks used to fasten the PCB 
to the RM65-7016E card cage. Connectors, miniTterminal strips, 
filter capacitors, and custom mounting blocks as needed can 
easily be added to meet unique installation requirements. 



FEATURES 

• 16-slot card cage with integral module guides 

• Rugged, yet lightweight construction 

• Screw-down terminals for connecting external power (+5V, 
+12V/+V, -12V/-V, GND) 

• Predrilled holes for various mounting configurations 

• Assembled, tested and warranted 

• Removable jumpers on motherboard support ± 1 2V as well 
as± V. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-7016E 
RM65-7016NE 


16-Slot Card Cage 
16-Slot Motherboard 





RIVI65-7016E 16-Slot Card Cage 



Document No. RMA65N18 
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RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


1a 


GND 


Ground 


1c 


+5V 


+5Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 1 3 


4c 


BA12/ 


Buffered Address Bit 1 2 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BAB/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B01 


Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


Buffered Sync 


14a 


BSO 


Buffered Set Overflow 


14c 


BDRQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




User Spare 1 


16c 


-12V/-V 


-12Vdc/-V 


17a 


+ 12V/+V 


+ 12Vdc/+V 


17c 




User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


Buffered Bus Float 


19a 


BDMT/ 


Buffered DMA Terminate 


19c 


B^O 


Buffered External Phase Clock 


20a 




User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


Buffered DMA Request 2 


22a 




System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


25a 


B02/ 


Buffered Phase 2 '■Not" Clock 


25c 


GND 


Ground 


26a 


B02 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 


32c 


GND 


Ground 



MOTHERBOARD CONNECTION AND 
MODULE INSTALLATION 

Connect power to TBI and/or TB2. The power lines should be 
long enough to allow the card cage to be oriented and posi- 
tioned as required, 

WARNING 

The external power supplies must be turned off before 
connecting to TB1 or TB2. 

a. Connect +5V fronn an external power supply to either ter- 
minal marked "+5". "+5" is connected to all -k5V pins on 
all module receptacles. 

b. Connect GND from the power supply to either terminal marked 
"G". Both of these terminals are connected to all GND pins 
on all module receptacles. 

c. Connect +12V/+V from an external power supply to the ter- 
minal marked "+V". "+V" is connected to Pin 17a on each 
module receptacle. 



NOTES 

1. If both -f12V and +V (e.g., +15V) are required, remove 
the soldered jumper corresponding to pin 17a between 
receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect +12V to TB1 If three or less mod- 
ules require +1 2V, or to TB2 if more than three modules 
require +12V. Connect +V to the other terminal strip. 

2. If the jumper has been removed and only one voltage 
is required (i.e., +12V or +V), connect the power lead 
tobothTBI andTB2. 

d. Connect GND from the +12V/+V power supply to either "G" 
terminal. 

e. Connect -12V/-V from an external power supply to the ter- 
minal marked "-V". "-V" is connected to Pin 16c on each 
module receptacle. 

NOTES 

1. If both -12V and -V (e.g., -15V) are required, remove 
the soldered jumper corresponding to pin 16c between 
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receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect -12V to TB1 if three or less mod- 
ules require -12V or to TB2 if more than three modules 
require -12V. Connect -V to the other terminal strip. 

2. If the jumper has been removed and only one voltage 
is required (i.e., -12V or -V) connect the power lead 
to both TBI andTB2. 

f. Connect GND from the -12V/- V power supply to either "G" 
terminal. 

Install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the top or bottom of the card 
cage. 



CAUTION 

Ensure that neither the left nor right side of the card cage 
is blocked such that the flow of forced cooling air is 
impeded. 

Install a module in the card cage as follows: 



CAUTION 

Ensure that power is turned off to the card cage moth- 
erboard before installing a module. 

a. Position the module, component side facing TBI end, in front 
of the desired card slot. 

Card slot No. 1 (slot closest to TB1 ) has 0.85 inch of com- 
ponent clearance whereas the other seven slots are 0.6 inch 
centers. If a module is higher than 0.4 inch above the surface 
of the module, install it in card slot No. 1 . 



CAUTION 

If ± 12V and ±V have been connected to different terminal 
strips (TBI or TB2), ensure that any modules requiring 
±12V or ± V are installed in the slots corresponding to the 
proper voltage. 

b. Insert the module into the card guide and slide the module 
straight in until It touches the mating motherboard receptacle. 

NOTE 

The card slot guides may be gnug on the inserted module. 

c. Ensure that the module connector is positioned properly 
against the mating receptacle. 

CAUTION 

A key is installed in each edge connector receptacle 
between pin 5 and pin 6. Forcing an edge connector 
module without a corresponding slot in the plug may 
damage the receptacle and/or the module. 

d. Press in firmly on the exposed edge of the module until It is 
firmly seated. 

Remove a module from the card cage as follows: 

CAUTION 

Remove power from the card cage motherboard before 
removing a module. 

a. Lift up on the module ejector tab. If installed; otherwise grasp 
the exposed edge of the module and pull, to release the 
module from the mating receptacle. 

b. Pull the module straight back until it is free from the card slot 
guides. 



SPECIFICATIONS 



Characteristic 


Value 


RM65-7016E Card Cage Dimensions 

Width 

Length 

Height 


4.96 in. (126 mm) 
8.00 In. (203 mm) 
11.20 in. (285 mm) 


Weight 


2 1b. 10 oz. (1.20 kg) 


Module Separation: 

Slot 1 : Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


0.85 in. (22 mm) 
0.6 in. (15 mm) 


RM65-7016NE IMotherboard Dimensions 

Width 

Length 

Height 


3.938 in. (100 mm) 
10.525 In. (267 mm) 
0.062 in. (1.6 mm) 


Hole Size 

Uncoded 
A 


0.037 in. (0 '940 mm) dia. 
0.044 in. (1.12mm)dla. 
0.128 in. (3.25mm)dia. 



D 
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. 7.25 REF „ 
(184.2 MM) 



6.50 
(165.1 MM) 



.76 

(19.1 MM)" 



LEFT SIDE VIEW 



E/o^ 




^INSTALL MODULES FROM 
THIS END 



2.750 
(69.9 MM) 



" (126 MM)- 




0.6 

(15.2 MM) 
TYP 7 PLACES 



END VIEW 



16-Slot Card Cage and Motherboard 
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16-CONNECTOR MOTHERBOARD 
ASSEMBLE 

The RM65-7016NE 16-slot motherboard can be assembled as 
foilows: ■':> 

Install up to 16 module connectors (receptacles) from the front 
of the PCS, Be sure to observe correct connector orientation. 



b. Solder the receptacle pin connections to the back of the 
PCB. 



c. Install three 100 ufd, 25 VDC capacitors from +5Vto GND, 
+V to GND, and -V to GND, from the front of the PCB. Be 
sure to observe correct polarity. 



a. The following connectors or their equivalent, may be used: 



Part No. 


Mantkfacturer 


Pig6B32R00K0OK9 


Burndy Corporation 
Norwalk, CT 06856 


96S-6033-0531-3 


WirK:hester Electronics 
Oakville, CT 06779 


00-8257-096-649-124 


EIco Corporation 
Huntington. PA 16652 



d. Solder the capacitor leads to the back of the PGB. 



e. Install one or two mini-terminal strips to the power supply 
connection holes from the back of the PCB. 



f. Solder the mini-terminal strip leads to the front of the PGB. 



BRES- GND +S GND +V GND -V 



vn 
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16-Slot Motherboard (Rear View) 
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RM65-7101E 
RM 65 SINGLE CARD ADAPTER FOR AIM 65 



RM 65 MICROCOMPUTER MODULES 

The RM65-7101E Single Card Adapter for the AIM 65 Micro- 
computer is one of the hardware options available for the RM 
65 Microcomputer Module family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PLy65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-7101E 


Single Card Adapter for AIM 65 



FEATURES 

• Drives one RM 65 Bus-compatible module 

• Provision for power and ground routing 

• Extends address, data and control lines 

• Pin and socket bus connector 

• Fully assembled, tested and warranted 



PRODUCT OVERVIEW 

The RM65-7101E Single-Card Adapter allows one RM 65 Bus 
compatible module to be connected to the AIM 65 Master 
Module, through the AIM 65 Expansion connector. The Adapter 
routes the AIM 65 address, data and control lines from the AIM 
65 Expansion connector pin assignments to the RM 65 Bus pin 
assignments. Drive circuitry is included on the address and data 
lines. 




RM65-7101E Single Card Adapter for AIM 65 



Dcx:ument No. RMA65N03 
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FUNCTIONAL DESCRIPTION 

The Single Card Adapter interfaces AIM 65 Expansion Con- 
nector signals to an attached RM 65 Bus receptacle. Data and 
address lines are buffered, whereas control lines are directly 
wired. All signals are routed from the AIM 65 Expansion Con- 
nector positions to corresponding RM 65 Bus receptacle pin 
positions. Ground is connected to the interspersed RM 65 Bus 
GND pins. 

The Data Transceivers invert and drive 8-bits of parallel data 
between the AIM 65 Expansion Connector and the RM 65 Bus 
interface. During a write operation, data received from the AIM 
65 Expansion Connector are driven into the interfacing RM 65 
module. During a read operation, data read from the RM 65 
module are transmitted into the AIM 65. When the RM 65 
module is not addressed, the transceivers are disabled. 

The Address Buffers invert and buffer 16 parallel address bits 
from the AIM 65 to the connected RM 65 module. The bank 
address line is held high to address Bank (lower 65K) in the 
interfacing RM 65 module. 

Eleven control and timing signals are directly connected between 
the AIM 65 Expansion Connector and the RM 65 moduli. The 
read/write, phase 2 clock, phase 1 clock, sync and reset AIM 
65 output lines are routed directly to the RM 65 receptacle. The 
ready, interrupt request, set overflow and non-maskable inter- 
rupt lines from the RM 65 receptacle are connected straight 
through to the AIM 65 Expansion Connector interface. 

A terminal block allows external +5V, +12V/+V, and -12V/- V 
power supplies to be connected as required. An on-board jumper 
allows the +5V for the RM 65 module to originate from the AIM 
65 Expansion Connector or from the external +5V power supply. 

POWER CONNECTION 

+5 VOLT POWER CONNECTION 

The +5 volt (+5V) required for the Single Card Adapter can be 
provided from the AIM 65 microcomputer through the AIM 65 
Expansion Connector or directly from an external power supply 
through a connection to the on-board terminal board (TB1). 
Jumper A/B routes the +5V power from the selected source. 

CAUTION 

Turn off the external power supply before connecting 
power leads to the Single Card Adapter. 

AIM eS -I-5V POWER SOURCE CONNECTION 

a. Install Jumper A/B in the A position. 

b. Disconnect the -i-5V lead of the external power supply from 
the +5V connection on TBI . 

WARNING 

If the matihg RM 65 module draws over 0.5A, the external 
connection to +5V must be used or the AIM 65 Master 
Module may be damaged. 



EXTERNAL +5V POWER SOURCE CONNECTION 

a. Install Jumper A/B in the B position. 

b. Connect the +5V lead from the external power supply to the 
+5V connection on TBI . 

c. Connect the ground lead from the external +5V power supply 
to either of the two GND connections on TBI . 



±1 2V/±V POWER CONNECTION 

Connection points are provided on TBI for ±12 Vdc, or other 
voltages, as required by the mating RM 65 module. 

a. Connect the +12V/+V lead from the external power supply 
to the TB1 connection marked + 15V or +V. This terminal 
is connected to connector J1 pin 17a. 

b. Connect the -12V/- V lead from the external power supply 
to the TB1 connection marked -15V or -V. This terminal 
is connected to connector J1 pin 16c. 



INSTALLATION 

Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 

CAUTION 

Prior to module installation, turn off power to the AIM 65 
and, if applicable, the optional external +5V and/or ±12V/ 
±V power supply input to the Adapter. 

a. Align pin 1 of J3 on the SCA with pin 1 of the Expansion 
Connector on the AIM 65 Master Module (component side 
up). 

b. Carefully insert the Adapter into the Expansion Connector. 

c. Press in firmly until all pins are securely seated. 

d. Install the RM 65 module into the J1 connector on the 
Adapter using installation procedures described in the doc- 
umentation for the particular module. Ensure that Bank Select 
switches on the add-on module are positioned to Bank Select 
or Bank Select Disable, as appropriate. 

e. Turn on power to the AIM 65 and, if applicable, turn on 
external +5 Vdc and/or ±12V/±V to the SCA module. 



D 



REMOVAL 

a. Turn off power to the AIM 65 and if applicable, to the external 
±12V/±V power supplies. 

b. Pull the Adapter straight back while moving it slightly from 
side to side to disconnect it from the AIM 65 Expansion 
Connector. 
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CONNECT TO AIM 65 
EXPANSION CONNECTOR 



CONNECT TO 
RM 65 BUS 
RECEPTACLE 



TIMING 

AND 

CONTROL 



GND 

+5V 



BUS ACTIVE 



TIMING 

AND 

CONTROL 



BANK ADDRESS 

GND 

+5V 

+12V/+V 

-12V/-V 



6 6 O 6 

+5V GND +V GND -V 



Single Card Adapter Block Diagram 







RM 65 Bus Pin Assignments 






Bottom (Solder Side) 




Top (Component Side) 




Signal 








Signal 






Pin 


Mnemonic 


Signal Name 


I/O 




Pin 


Mnemonic 


Signal Name 


I/O 


la 


GND 


Ground 




1c 


+5V 


+5 Vdc 




2a 


BADFV 


Buffered Bank Address 


o 




2c 


BA15/ 


Buffered Address Bit 15 





3a 


GND 


Ground 






3c 


BA14/ 


Buffered Address Bit 14 





4a 


BA13/ 


Buffered Address Bit 13 


o 




4c 


BA12/ 


Buffered Address Bit 12 





5a 


BA11/ 


Buffered Address Bit 1 1 


o 




5c 


GND 


Ground 




6a 


BA10/ 


Buffered Address Bit 10 


o 




6c 


BA9/ 


Buffered Address Bit 9 





7a 


BA8/ 


Buffered Address Bit 8 


o 




7c 


BA7/ 


Buffered Address Bit 7 





8a 


GND 


Ground 






8c 


BA6/ 


Buffered Address Bit 6 





9a 


BA5/ 


Buffered Address Bit 5 







9C 


BA4/ 


Buffered Address Bit 4 





10a 


BA3/ 


Buffered Address Bit 3 


o 




10c 


GND 


Ground 




11a 


BA2/ 


Buffered Address Bit 2 


o 




11c 


BA1/ 


Buffered Address Bit 1 


o 


12a 


BAO/ 


Buffered Address Bit 







12c 


B^l 


Buffered Phase 1 Clock 





13a 


GND 


Ground 






13c 


BSYNC 


Buffered Sync 





14a 


BSO 


Buffered Set Overflow 


1 




14c 


BDRQ1/ 


*Buffered DMA Request 1 




; 15a 


BRDY 


Buffered Ready 


1 




15c 


GND 


Ground 




16a 




* User Spare 1 






16c 


-12V/-V 


-12Vdc/-V 




17a 


+ 12V/+V 


+ 12Vdc/+V 






17c 




*User Spare 2 




18a 


GND 


Ground Line 






18c 


BFLT/ 


•Buffered Bus float 


1 


19a 


BDMT/ 


*Buffered DMA Terminate 






19c 


B0O 


•Buffered External Phase Clock 




20a 




*User Spare 3 






20c 


GND 


Ground 




21 a 


BR/W/ 


Buffered Read/Write "Not" 


o 




21c 


BDRQ2/ 


•Buffered DMA Request 2 




22a 




'System Spare 






22c 


BR/W 


Buffered Read/Write 





23a 


GND 


Ground 






23c 


BACT/ 


Buffered Bus Active 


1 


24a 


BIRQ/ 


Buffered Interrupt Request 


1 




24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


1 


25a 


B^2/ 


Buffered Phase 2 "Not" Clock 


o 




25C 


GND 


Ground 




26a 


B^2 


Buffered Phase 2 Clock 







26c 


BRES/ 


Buffered Reset 





27a 


BD7/ 


Buffered Data Bit 7 


I/O 




27c 


BD6/ 


Buffered Data Bit 6 


I/O 


28a 


GND 


Ground 






28c 


BD5/ 


Buffered Data Bit 5 


I/O 


2ga 


BD4' 


Buffered Data Bit 4 


I/O 




29c 


BD3/ 


Buffered Data Bit 3 


I/O 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 




30c 


GND 


Ground 




31a 


BD1/ 


Buffered Data Bit 1 


I/O 




31c 


BDO/ 


Buffered Data Bit 


I/O 


32a 


+5V 


+5Vdc 






32c 


GND 


Ground 




Note: 














*Not use 


id on this modi 


Jle. 
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Z4a. 
YZC 
YSoL 
Y3c 

Z/CL 

•^z:a 

© 
® 

17a. 
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AIM 65 Expansion Con 


n 


ector Pin Assignments 






Top (Component Side) 




Bottom (Solder Side) 




Signal 




input/ 




Signal 




Input/ 


Pin 


Mnemonic 


Signal Name 


Output 




Pin 


Mnemonic 


Signal Name 


Output 


1 


SYNC 


Sync 


1 


A 


AO 


Address Bit 




2 


RDY 


Ready 


O 




B 


A1 


Address Bit 1 




3 


1^1 


Phase 1 Clock 


1 




C 


A2 


Address Bit 2 




4 


IRQ 


Interrupt Request 


o 




D 


A3 


Address Bit 3 




5 


S.O. 


Set Overflow 


o 




E 


A4 


Address Bit 4 




6 


NMI 


Non-Maskable Interrupt 


o 




F 


A5 


Address Bit 5 




7 


RES 


Reset 


1 




H 


A6 


Address Bit 6 




8 


D7 


Data Bit 7 


I/O 




J 


A7 


Address Bit 7 




9 


D6 


Data Bit 6 


I/O 




K 


AS 


Address Bit 8 




10 


D5 


Data Bit 5 


I/O 




L 


A9 


Address Bit 9 




11 


D4 


Data Bit 4 


I/O 




M 


A10 


Address Bit 10 




12 


D3 


Data Bit 3 


I/O 




N 


A11 


Address Bit 11 




13 


D2 


Data Bit 2 


I/O 




P 


A12 


Address Bit 12 




14 


D1 


Data Bit 1 


I/O 




R 


A13 


Address Bit 13 




15 


DO 


Data Bit 


I/O 




S 


A14 


Address Bit 14 




16 


-12V 


*-12Vdc 






T 


A15 


Address Bit 15 




17 


+ 12V 


*+12Vdc 






U 


SYS 02 


Systenn Phase 2 Clock 




18 


CSS 


*Chip Select 8 






V 


SYS R/W 


System Read/Write 




19 


CS9 


*Chip Select 9 






w 


R/W 


Read/Write "Not- 




20 


CSA 


Chip Select A 






X 


*TEST 


Test 




21 


+5V 


+5 Vdc 


1 




Y 


f2 


Phase 2 Clock "Not" 


1 


22 


GND 


Ground 






z 


*RAM R/W 


RAM Read/Write 




Note: 












* Not use 


d on this module 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1, 2, 3) 
Width 
Length 
Height 


4.4 in. (1 1 1 mm) 
3.7 in. (93 mm) 
0.56 in. (14 mm) 


Weight 


3.0 oz. (90 g) 


Environment 

Operating Tennperature 
Storage Temperature 
Relative Humidity 


0°C to 70°C 

-40°Cto+85°C 

0% to 85% (without condensation) 


Power 


+5V ±5% 1 10 mA (0.55W)^Typical 

200 mA (t.OOW)— Maximum 


Interface 

AIM 65 Expansion Connector 
RM 65 Bus 


22/44 — edge receptacle (0.156 in. centers) 

64-pin receptacle (0.100 centers) per DIN 41612 (Row b is not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors. 

3. Dimensions conform to DIN 41612. 
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RM65-7102E 
RM 65 IEEE-488 BUS INTERFACE MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-7102E IEEE-48 Bus Interface Module Is one of the 
hardware optbns available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PUes, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 

PRODUCT OVERVIEW 

The RM 65 IEEE-488 Bus Interface Module connects an AIM 
65, AIM 65/40 or RM 65 SBC based system to the IEEE-488 
General Purpose Interface Bus (GPIB). Complete controller, 
talker and listener functions, as defined in the IEEE-488, 1978 
Standard, are implemented. The module also supports extended 
addressing and multiple bus controllers. On-board ROM firm- 
ware implements all 12 functions specified by the interface stan- 
dard. Features not defined in the standard, but also supported, 
include manual talk or listen disable, dual primary addressing, 
and an external trigger line. Switches select the Device Talk/ 
Listen Address, Enable Dual Primary Addressing Mode, Disable 
Talk, Disable Listen, and System Controller mode. The bus 
interface transceivers meet the electrical specifications of the 
IEEE-488 Interface standard. An 8-inch ribbon cable mates the 
IEEE-488 module to the IEEE-488 bus with a standard 24-pin 
connector. 



ORDERING INFORMATION 



Part No. 


Description 


RM65-7102E 


IEEE.488 Bus Interface Module 


Order No. 


Description 


815 


IEEE-488 Bus Interface Module User's Manual 
(included with RM65-7102E) 



FEATURES 

• Compact size— about 4" x 6V2" (100 mm x 160 mm) 

• Pin and socket bus connection 

• RM 65 Bus compatible 

• Buffered address, data and control lines 

• Listen, talk, and controller functions 

• IEEE-488, 1978 Standard fully implemented 

• Uses Tl 9914 GPIB Adapter device 

• On-board ROM contains bus protocol and utility firmware 

• Switches for 

—Device Talk/Listen Address 

—Disable Talk 

— Disable Listen 

—Enable Dual Primary Addressing mode 

—System Controller 

—Base Address to page boundary for I/O 

— Bank Selection to one or both 65K banks 

• Jumper for ROM enable/disable 

• LEDs show current address register contents 

• Supports DMA data transfers 

• +5V operation 

• Fully assembled, tested and warranted 
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IEEE-488 Bus Interface Module 



FUNCTIONAL DESCRIPTION 

The Data Transceivers invert and transfer 8-bits of parallel data 
between the IEEE-488 Bus Interface Module and the RM 85 
bus, based on data direction signals from the Base Address 
Decoder. 

The Address Buffers invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
to the R2332 ROM and to the GPIB Adapter. 

The Control Buffers invert and transfer phase 2 clocl<, reset, and 
read/write control signals from the RM 65 bus onto the module. 
The interrupt request is buffered and driven onto the RM 65 bus. 

The Bank Select Control circuit detects when the module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
Cor Bank 1). 

The DMA Control circuit allows DMA requests from the Tl 9914 
GPIB Adapter device to be driven on the RM 65 bus or disabled 
under program control. This line is jumper selectable for either 
of two DMA request lines on the RM 65 bus. 

The Base Address Decoder compares the eight most significant 
address lines to the eight Base Address switches. The ROM 
Disable jumper allows the module to be active in a 4K block 
when enabled or active in a page (256 locations) when disabled. 
When an address for the selected bank matches the four most 
significant switches and the ROM is enabled, the Data Trans- 
ceivers are enabled and the bus active signal is generated. 
When this address also matches the four least significant 
switches the GPIB Adapter and I/O are selected. When there 
is no match on the four least significant switches, the ROM is 
selected. When the GPIB Adapter and I/O are selected, the four 
least significant address lines, phase 2 clocks, and read/write 
control lines are used to derive register selects for the GPIB 
Adapter, device selects for the GPIB Status Latch, GPIB Sense 
Buffers, System Controller Select, and DMA Control Circuits. 
The read/write control lines also determine the direction for the 
Data Transceivers. 



The TMS 9914 GPIB Adapter device provides hardware cdntrol 
of the IEEE-488 bus interface, using firmware subroutines pro- 
vided in ROM. All bus Interface lines are buffered by the GPIB 
Data and Control Transceivers, to conform to the electrical 
specifications of the IEEE-488 Standard. These lines are brought 
out through a cable to a standard IEEE-488 connector. An 
additional connector provides an external trigger output not 
defined by the IEEE-488 Standard. 

The System Controller Select circuit allows manual selection 
of System Controller capabilities in multiple controller con- 
figurations. 

The GPIB Sense Buffer allows the GPIB Sense Switches to be 
read for Device Talk/Listen Address, Talk or Listen Disable, and 
Dual Primary Address Mode selection. The GPIB Status Latch 
latches the positions of the GPIB Sense Switches and displays 
them on the GPIB Status Indicators. This allows a visual veri- 
fication of the Device Talk/Listen Address and Operating modes. 

ON-BOARD PROGRAM ROM FIRMWARE 

The Program ROM firmware completely supports all 12 Bus 
functions described in the IEEE-488, 1978 Standard, as well as 
features of the TMS 9914 GPIB Adapter device not defined in 
the Standard. These utility functions make both the Bus protocol 
and the GPIB Adapter device transparent to the programmer. 
The firmware, organized as subroutines, is linked to the user 
program through a jump table. Many of these routines are inter- 
rupt-driveh, to minimize the processor time in servicing the 
module. User-alterable vectors and parameters are located in 
RAM, to allow custom applications. Output data or commands 
for the Bus are handled as tables, eiasing the set-up and transfer 
of Information. Extensive error checking by the utility subrou- 
tines allow resident or user-provided error handling routines to 
ensure proper operation of the module, the IEEE-488 Bus and 
status of data transfer. Two self-test routines verify proper 
module operation. 

The firmware Is compatible with the Input/output functions in the 
AIM 65 Debug Monitor and the AIM 65/40 I/O ROM. 
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IEEE-488 Bus Interface Connector Pin Assignments 





Signal 




Input/ 




Signal 




Input/ 


Pin 


Mnemonic 


Signal Name 


Output 


Pin 


Mnemonic 


Signal Name 


Output 


1 


DI01 


Data Input/Output 1 


I/O 


13 


DI05 


Data Input/Output 5 


I/O 


2 


DI02 


Data Input/Output 2 


I/O 


14 


DI06 


Data Input/Output 6 


I/O 


3 


DI03 


Data Input/Output 3 


I/O 


15 


DI07 


Data Input/Output 7 


I/O 


4 


DI04 


Data Input/Output 4 


I/O 


16 


DI08 


Data Input/Output 8 


I/O 


5 


EOl 


End or Identify 


I/O 


17 


REN 


Remote Enable 


I/O 


6 


DAV 


Data Available 


I/O 


18 


GND 


Ground 


N/A 


7 


NRFD 


Not Ready for Data 


I/O 


19 


GND 


Ground 


N/A 


8 


NDAC 


Not Data Accepted 


I/O 


20 


GND 


Ground 


N/A 


9 


iFC 


Interface Clear 


I/O 


21 


GND 


Ground 


N/A 


10 


SRQ 


Service Request 


I/O 


22 


GND 


Ground 


N/A 


11 


ATN 


Attention 


I/O 


23 


GND 


Ground 


N/A 


12 


SHIELD 


Ground 


N/A 


24 


GND 


Logic Ground 


N/A 



External Trigger Pin Assignments 



Pin 


Signal Mnemonic 


Signal Name 


Input/Output 


1 
2 


TRIG 
GND 


Trigger Out 
Ground 










RM 65 Bus Pin Assignments 




Bottom (Solder Side) 


Top (Component Side) | 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


la 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5C 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4I 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


Bp 


*Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


•Buffered Sync 


14a 


BSO 


* Buffered Set Overflow 


14c 


B0RQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


* Buffered Ready 


15c 


GND 


Ground 


16a 




*User Spare 1 


16c 


-12V/-V 


*-12 Vdc/-V 


17a 


+12V/+V 


* + 12Vdc/+V 


17c 




* User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


* Buffered Bus Float 


19a 


BDMT/ 


* Buffered DMA Terminate 


19c 


B0O 


"Buffered External Phase Clock 


20a 




*User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


Buffered DMA Request 2 


22a 




*System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRO/ 


Buffered Interrupt Request 


24c 


BNMI/ 


* Buffered Non-Maskable Interrupt 


25a 


Bfl}2/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B02 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


807/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5 Vdc 


32c 


GND 


Ground 


Note: 










*Not usedo 


n this module. 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1,2, 3) 

Width 

Length 

Height 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


5.O0Z. (140g) 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-40°Cto +85°C 

0% to 85% (without condensation) 


Power Requirements 


+5 Vdc ±5% @ 0.65A (3.25W)— Typical 
1.0A(5.25W)— Maximum 


Interface 

RM 65 Bus Interface 

Module 

I/O Interface 

Cable Receptacle 

Trigger Connector 

IEEE-488 Bus Interface Cable 
IEEE-488 Bus Connector 

Module Connector 

Cable Length 

Type 

Number of Conductors 

Wire Size 


64-pin plug (0.100 In. Centers) per DIN 41612 (Row b not installed) 

26-pin mass terminated (0.100 in. centers) 

Two vertical wire wrap pins (0.3 in. high on 0.200 in. centers) 

24-pin mass terminated (2.16 mm centers) with metric thread lock 

screws (Amphenol 57 or equivalent) 

26-pin mass terminated (0.100 in. centers) 

8 inches 

Flat ribbon 

24 

#28AWG 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 



6.8 IN. 
"(172 MM) 



MATING 
MOTHERBOARD 
AND RECEPTACLE 




/IEEE-488 
£ ^ BUS CONNECTOR 



-^U- 




EUROCARD CONNECTOR 
RIBBON CABLE 
RECEPTACLE v COMPONENT AREA 



EIGHT Li 



EUROCONNECTOR 
EXTENSION 



Module Dimensions 
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RM65-7104E 
RM 65 ADAPTER/BUFFER FOR AIM 65 



RM 65 MICROCOMPUTER MQDULES 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PLy65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 Module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell's AIM 65 
Microcomputer for product development and for a broad variety 
of portable or desktop microcomputer applications. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-7104E 


Adapter Buffer for AIM 65 



FEATURES 

• RM 65 Bus Compatible 

• Buffered address data and control lines 

• Drives up to 1 5 modules 

• Fully assembled, tested and warranted 



PRODUCT OVERVIEW 

The RM65-7104E Adapter/Buffer extends the AIM 65 Expan- 
sion Bus from the AIM 65 Expansion Connector to an RM 65 
Bus motherboard that is situated up to 16 inches away. Included 
circuitry permits the Adapter/Buffer to drive up to 1 5 RM 65 Bus- 
compatible modules. (The similar Cable Driver Adapter/Buffer, 
Part Number RM65-7116, provides the same drive capability for 
applications in which the motherboard is up to six feet from the 
Expansion Connector.) 

The Adapter/Buffer consists of an adapter module, a buffer 
module and two 16-inch interconnect cables, Both cables are 
flexible, so the motherboard may be installed in a wide variety 
of locations and orientations relative to the AIM 65. 
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RM 65 Adapter/Buffer for AIM 65 



FUNCTIONAL DESCRIPTION 

The Adapter/Buffer consists of two modules and two intercon- 
nect cables. The Adapter module connects to the AIM 65 
Expansion connector and the Buffer module connects to an RM 
65 Bus motherboard receptacle. 

The Adapter module transfers data, address and control lines 
from AIM 65 Expansion Connector to the interconnect cables. 
The eight data and 16 address lines are routed directly, without 
buffering. The read/write, clock, sync and reset AIM 65 output 
control lines are also routed directly through the Adapter. The 
ready, set overflow, interrupt request and non-maskable inter- 
rupt AIM 65 input lines are buffered on the module. 

Two 1 6-inch 40 conductor flat ribbon cables connect the Adapter 
module to the Buffer module. The cables are mass terminated 
at each end, and are permanently attached to the interfacing 
module. 

The Buffer module buffers and routes all interface signals 
between the interconnect cables and the RM 65 Bus connector. 

The Data Transceivers invert and drive 8-bits of parallel data. 
During a write operation, data received from the cables are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cables. The 
bus active signal enables the Transceivers. When the bus float 
signal is active, the Transceivers are disabled. 

The Address Buffers invert and transfer 16 parallel address lines 
from the interconnect cable to the RM 65 Bus. When the bus 
float signal is active, the Buffers are disabled. 

Jumper El selects the source for the bank address line 
(BAD R/)— either the buffer module or an external module. When 
the buffer module is the source (position A), the bank address 
line is held high to address Bank (Lower 65K) on the Bus; this 
line is disabled when the bus float line is active. For an external 
source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the Bus. 

The seven read/write, clock, sync and reset lines from the 
cables to the bus are buffered by the Control Drivers. All of these 
lines, except reset and phase 1, are disabled when the bus float 
line is active. The ready, set overflow, interrupt request and non- 
maskable lines from the bus to the interconnect cables are also 
buffered by the Control Drivers. 



Jumper E2 selects the source for the DMA Terminate line 
(BDMT/) — either the buffer module or an external module. When 
the buffer module is the source (position A), the DMA terminate 
line is held high (inactive). For an external source (position B), 
the DMA terminate line is not used by the buffer moduJe, and 
must be controlled by another module on the bus. 

INSTALLATION/REMOVAL 

Installing the Adapter/Buffer 

Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 

a. Before installing the Adapter/Buffer, turn off power to the AIM 
65 and the interfacing RM 65 Bus motherboard. 

b. Configure Jumpers E1 and E2, per the Functional Description. 

c. Align the Adapter module connector J3 pin 1 with the AIM 
65 Expansion Connector J3 pin 1 . 

d. Plug the Adapter module onto. the Expansion Connector. 
Press in firmly on the end of module until all pins are securely 
seated. 

e. Install connector PI of the Buffer module into the desired slot 
on the mating RM 65 Bus motherboard. 

CAUTION 

RM 65 Bus connectors are keyed to prevent 
improper module connection. If the module does not 
insert into the receptacle with moderate pressure 
applied, check the orientation and connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 

f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 

Removing the Adapter/Buffer 

a. Turn off power to the AIM 65 and to the RM 65 Bus 
motherboard. 

b. Lift up on the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 

c. Pull back on the Adapter module while moving it slightly from 
side to side until it is free from the AIM 65 Expansion 
Connector. 



9-100 



RM65-7104E 



RM 65 Adapter/Buffer for AIM 65 



Buffer Module to RM 65 Bus Connector Pin Assignments 


Bottom (Solder Side) 




Top (Component Side) 


Signal 




Input/ 






Signal 




Input/ 


Mnemonic 


Signal Name 


Output 


Pin 




Pin 


Mnemonic 


Signal Name 


Output 


GND 


Ground 




1a 


1c 


+5V 


+5Vdc 




BADR/ 


Buffered Bank Address 





2a 




2c 


BA15/ 


Buffered Address Bit 15 





GND 


Ground 




3a 




3c 


BA14/ 


Buffered Address Bit 1 4 





BA13/ 


Buffered Address Bit 13 





4a 




4c 


BA12/ 


Buffered Address Bit 12 





BA11/ 


Buffered Address Bit 1 1 





5a 




5c 


GND 


Ground 




BA10/ 


Buffered Address Bit 10 


o 


6a 




6c 


BA9/ 


Buffered Address Bit 9 





BA8/ 


Buffered Address Bit 8 





7a 




7c 


BA7/ 


Buffered Address Bit 7 





GND 


Ground 




8a 




8c 


BA6/ 


Buffered Address Bit 6 





BA5/ 


Buffered Address Bit 5 





9a 




9c 


BA4/ 


Buffered Address Bit 4 


O 


BA3/ 


Buffered Address Bit 3 





10a 




10c 


GND 


Ground 




BA2/ 


Buffered Address Bit 2 





11a 




11c 


BA1/ 


Buffered Address Bit 1 


O 


BAO/ 


Buffered Address Bit 





12a 




12c 


B01 


Buffered Phase 1 Clock 





GND 


Ground 




13a 




13c 


BSYNC 


Buffered Sync 


o 


BSO 


Buffered Set Overflow 


1 


14a 




14c 


BDRQ1/ 


* Buffered DMA Request 1 




BRDY 


Buffered Ready 


1 


15a 




15c 


GND 


Ground 






*User Spare 1 




16a 




16c 


-12V/-V 


*-12Vdc/-V 




+ 12V/+V 


*+12 Vdc/+V 




17a 




17c 




*User Spare 2 




GND 


Ground Line 




18a 




18c 


BFLT/ 


Buffered Bus Float 


1 


BDMT/ 


Buffered Dl\/IA Terminate 




19a 




19c 


B0O 


* Buffered External Phase Clock 






*User Spare 3 




20a 




20c 


GND 


Ground 




BR/W/ 


Buffered Read/Write "Not" 





21a 




21c 


BDRQ2/ 


* Buffered DMA Request 2 






*System Spare 




22a 




22c 


BR/W 


Buffered Read/Write 


o 


GND 


Ground 




23a 




23c 


BACT/ 


Buffered Bus Active 


1 


BIRQ/ 


Buffered Interrupt Request 


1 


24a 




24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


I 


B02/ 


Buffered Phase 2 "Not" Clock 





25a 




25c 


GND 


Ground 




B02 


Buffered Phase 2 Clock 





26a 




26c 


BRES/ 


Buffered Reset 


o 


BD7/ 


Buffered Data Bit 7 


I/O 


27a 




27c 


BD6/ 


Buffered Data Bit 6 


I/O 


GND 


Ground 




28a 




28c 


BD5/ 


Buffered Data Bit 5 


I/O 


BD4/ 


Buffered Data Bit 4 


I/O 


29a 




29c 


BD3/ 


Buffered Data Bit 3 


I/O 


BD2/ 


Buffered Data Bit 2 


I/O 


30a 




30c 


GND 


Ground 




BD1/ 


Buffered Data Bit 1 


I/O 


31a 




31 c 


BDO/ 


Buffered Data Bit 


I/O 


+5V 


+5Vdc 




32a 




32c 


GND 


Ground 




Note 














*Not used on 


this module. 
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RM 65 Adapter/Buffer for ArM 65 



Adapter Module to AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) 




Bottom (Solder Side) 


Signal 




Input/ 






Signal 




Input/ 


Mnemonic 


Signal Name 


Output 


Pin 




Pin 


Mnemonic 


Signal Name 


Output 


SYNC 


SYNC 


\ 


1 


A 


AC 


Address Bit 




RDY 


Ready 





2 




B 


A1 


Address Bit 1 




^1 


Phase 1 Clock 


1 


3 




C 


A2 


Address Bit 2 




IRQ 


Interrupt Request 





4 




D 


A3 


Address Bit 3 




S.O. 


Set Overflow 





5 




E 


A4 


Address Bit 4 




NMl 


Non-Maskable Interrupt 





6 




F 


A5 


Address Bit 5 




RES 


Reset 


■ 


7 




H 


A6 


Address Bit 6 




D7 


Data Bit 7 


I/O 


8 




J 


A7 


Address Bit 7 




D6 


Data Bit 6 


I/O 


9 




K 


A8 


Address Bit 8 




D5 


Data Bit 5 


I/O 


10 




L 


A9 


Address Bit 9 




D4 


Data Bit 4 


I/O 


11 




M 


A10 


Address Bit 10 




D3 


Data Bit 3 


I/O 


12 




N 


All 


Address Bit 11 




D2 


Data Bit 2 


I/O 


13 




P 


A12 


Address Bit 12 




D1 


Data Bit 1 


I/O 


14 




R 


A13 


Address Bit 13 




DO 


Data Bit 


I/O 


15 




S 


A14 


Address Bit 14 




-12V 


*-12Vdc 




16 




T 


A15 


Address Bit 15 




+12V 


*+12Vdc 




17 




U 


SYS)2fe 


System Phase 2 Clock 




CS8 


*Cliip Select 8 




18 




V 


SYSR/W 


System Read/Write 




CS9 


*Chip Select 9 




19 




w 


R/W 


Read/Write "Not" 




CSA 


*Chip Select A 




20 




X 


TEST 


•Test 




+5V 


+5Vdc 




21 




Y 


02 


Phase 2 Clock "Not" 


1 


GND 


Ground 




22 




z 


RAIVIR/W 


*RAM Read/Write 




Note 














* = Not used 


on this module. 
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-a- 



-(f- 
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■y^ 
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16 



El lA 
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BANK ADDRESS 
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CONTROL 
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RM65-71 04E RM 65 Adapter/Buffer for AIM 65 


SPECIFICATIONS 


Parameter 


Value 


Dimension (See Notes) 




Adapter Module 




Width 


4.4 in. (111 mm) 


Length 


2.6 in. (67 mm) 


Height 


0.56 in. (14 mm) 


Buffer Module 




Width 


3.9 in. (100 mm) 


Length 


6,3 in. (160 mm) 


Height 


0.56 in. (14 mm) 


Weight 


7.2 oz. (205 g) 


Power 


+5V ± 5% 30 mA (0.1 5W)— Typical 


Adapter Module 


50 mA (0.25W)— Maximum 




+5V ± 5% 190 mA (0.95W)— Typical 


Buffer Module 


330 mA (1.7W)— Maximum 


Environmental 




Operating Temperature 


0°Cto70°C 


Storage Temperature 


-40°C to 85°C 


Relative Humidity 


0% to 85% (without condensation) 


Propagation Time 


20 ns— Maximum 


Interface Connectors 




AIM 65 Expansion Connector 


22/44— edge receptacle 




(0.156 in. centers) 


RM 65 Bus 


64-pin plug (0.100 in. centers) per DIN 41612 




(Row b is not installed) 


Interface Cables 




Number of Cables 


Two 


Cable Length 


16 inches 


Type 


Flat ribbon 


Number of conductors per cable 


40 


Wire Size 


#28 AWG 


Notes; 


1. The height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 


thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.) 


2. The length does not include extensions beyond the edge of the module due to the connectors or the module ejector. 


3. The Adapter Module dimensions conform to DIN 41612. 



9-104 



RM65-7116E 

RM 65 Microcomputer Family 




RM65-7116E 

RM 65 CABLE DRIVER 

ADAPTER/BUFFER FOR AIM 65 



RM 65 MICROCOMPUTER MODULES 

The RM65-7116E Cable Driver Adapter/Buffer is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PU65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 Micro- 
computer for product development and for a broad variety of 
portable or desktop microcomputer applications. 

ORDERING INFORMAriON 



Part No. 


Description 


,RM65-7116E 


cable Driver Adapter Buffer for AIM 65 



FEATURES 

• RM 65 Bus compatible 

• Buffered address data and control lines 

• Drives up to 15 modules 

• Long cable for distances of up to 6 feet 

• Fully assembled, tested and warranted 



PRODUCT OVERVIEW 

The RM65-71 16E Cable Driver Adapter/Buffer extends the AIM 
65 Expansion Bus from the AIM 65 Expansion Connector to an 
RM 65 Bus motherboard that is situated up to six feet away. 
Included circuitry permits the Cable Driver Adapter/Buffer to 
drive up to 15 RM 65 Bus-compatible modules. (The similar 
Adapter/Buffer, Part Number RM65-71 04, provides the same 
drive capability for applications in which the motherboard need 
not be more than 16 inches from the Expansion Connector.) 

The Cable Driver Adapter/Buffer consists of a cable driver 
adapter module, a buffer module and two 6-foot interconnect 
cables. Both cables are flexible, so the motherboard may be 
installed in a wide variety of locations and orientations relative 
to the AIM 65. 





RM65-7116E Cable Driver Adapter/Buffer for AIM 65 



Document No. RMA65N22 
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RM65-7li6E 



Cable Driver Adapter/Buffer for AIM 65 



FUNCTIONAL DESCRIPTION 

The Cable Driver Adapter/Buffer consists of two mbdules and 
two interconnect cables. The Adapter Mddule connects to the 
AIM 65 Expansion connector and the Buffer module connects 
to an RM 65 Bus motherboard receptacle. 

The Cable Driver Adapter module buffers data, address and 
control lines between the AIM 65 Expansion Connector and the 
interconnect tables. 

The Data Transceivers drive 8-bits of parallel data. During a 
write operation, data received from the AIM 65 are driven onto 
the cables. During a read operation, data received from the 
cables are driven into the AIM 65. The bus active signal enables 
the Data Transceivers. 

The Address Buffers drive 1 6-bits of parallel data from the AIM 
65 onto the cables. 

The Control Buffers transfer the timing and control signals 
between the AIM 65 and the cables. The seven read/write, 
clock, sync, and reset lines are driven from the AIM 65 onto the 
cables. The four ready, set overflow, interrupt request and non- 
maskable interrupt lines are driven from the cables onto the 
AIM 65. 



bus float line is active. The ready, set overflow, interrupt request 
and non-maskable lines from the bus to the interconnect cables 
are also buffered by the Control Buffers. 

Jumper E2 selects the source for the DMA Terminate line 
(BDMT/)— either the buffer module or an external module. When 
the buffer module is the source (position A), the DMA terminate 
line is held high (inactive). For an external source (position B), 
the DMA terminate line is not used by the buffer module, and 
must be controlled by another module on the bus. 



INSTALLATION/REMOVAL 

CABLE DRIVER ADAPTER/BUFFER INSTALLATION 

CAUTION 

RM 65 Bus connectors are keyed to prevent improper 
module connection. If the module does not insert into the 
receptacle with moderate pressure applied, check the 
orientation and connector alignment of the module. Forcing 
the module improperly into the receptacle may damage 
the receptacle and/or the module. 



Two 6-foot 40 conductor flat ribbon cables connect the Cable 
Driver Adapter module to the Buffer module. The cables are 
mass terminated at each end, and are permanently attached to 
the interfacing module. 

The Buffer module buffers and routes all interface signals 
between the interconnect cables and the RM 65 Bus connector. 

The Data Transceivers invert and drive 8-bits of parallel data. 
During a write operation, data received from the cables are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cables. The 
bus active signal enables the Transceivers. When the bus float 
signal is active, the Transceivers are disabled. 

The Address Buffers invert and transfer 16 parallel address 
lines from the interconnect cable to the RM 65 Bus. When the 
bus float signal is active, the Buffers are disabled. 



a. Before installing the Cable Driyer Adapter/Buffer, turn off 
power to the AIM 65 and the interfacing RM 65 Bus 
motherboard. 

b. Configure Jumpers E1 and E2, per the Functional Description. 

c. Align Cable Driver Adapter module connector J3 pin 1 with 
the AIM 65 Expansion Connector J3 pin 1 . 

d. Plug the Cable Driver Adapter module onto the Expansion 
Connector. Press in firmly on the end of module until all pins 
are securely seated. 

e. Install connector PI of the Buffer module into the desired slot 
on the mating RM 65 Bus motherboard. 

f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 



Jumper E1 selects the source for the bank address line 
(BADR/) — either the buffer module or an external module. When 
the buffer module is the source (position A), the bank address 
line is held high to address Bank (lower 65K) on the Bus; this 
line is disabled when the bus float line is active. For an external 
source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the Bus. 



CABLE DRIVER/ADAPTER/BUFFER REMOVAL 

a. Turn off power to the AIM 65 and to the RM 65 Bus 
motherboard. 

b. Lift up on the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 



The seven read/write, clock, sync and reset lines from the 
cables to the bus are buffered by the Control Buffers. All of 
these lines, except reset and phase 1, are disabled when the 



Pull back on the Cable Driver module while moving it slightly 
from side to side until it is free from the AIM 65 Expansion 
Connector. 
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Buffer Module to RM 65 Bus Connector Pin Assignments 




Bottom (Solder Side) 


Top (Component Side) | 




Signal 




Input/ 




Signal 




Input/ 


Pin 


Mnemonic 


Signal Name 


Output 


Pin 


Mnemonic 


Signal Name 


Output 


1a 


GND 


Ground 




1c 


+5V 


+5Vdc 




2a 


BADR/ 


Buffered Bank Address 





2c 


BA15/ 


Buffered Address Bit 15 





3a 


GND 


Ground 




3c 


BA14/ 


Buffered Address Bit 14 





4a 


BA13/ 


Buffered Address Bit 13 





4c 


BA12/ 


Buffered Address Bit 12 





5a 


BA1 1/ 


Buffered Address Bit 11 


o 


5c 


GND 


Ground 




6a 


BA10/ 


Buffered Address Bit 1 





6c 


BA9/ 


Buffered Address Bit 9 


o 


7a 


BA8/ 


Buffered Address Bit 8 





7c 


BA7/ 


Buffered Address Bit 7 





8a 


GND 


Ground 




8c 


BA6/ 


Buffered Address Bit 6 





9a 


BA5/ 


Buffered Address Bit 5 





9c 


BA4' 


Buffered Address Bit 4 





10a 


BA3/ 


Buffered Address Bit 3 





10c 


GND 


Ground 




11a 


BA2/ 


Buffered Address Bit 2 





11c 


BAI/ 


Buffered Address Bit 1 





12a 


BAO/ 


Buffered Address Bit 





12c 


B01 


Buffered Phase 1 Clock 





13a 


GND 


Ground 




13c 


BSYNC 


Buffered Sync 





14a 


BSO 


Buffered Set Overflow 


1 


14c 


BDRQ1/ 


*Buffered DMA Request 1 




15a 


BRDY 


Buffered Ready 


1 


15c 


GND 


Ground 




16a 




* User Spare 1 




16c 


-12V/-V 


*-12Vdc/~V 




17a 


+ 12V/+V 


*+12 Vdc/+V 




17c 




*UserSpare2 




18a 


GND 


Ground Line 




18c 


BFLT/ 


Buffered Bus Float 


1 


19a 


BDMT/ 


Buffered DMA Terminate 




19c 


B0O 


'Buffered External Phase Clock 




20a 




*User Spare 3 




20c 


GND 


Ground 




21a 


BR/W/ 


Buffered Read/Write "Not" 





21c 


BDRQ2/ 


'Buffered DMA Request 2 




22a 




* System Spare 




22c 


BR/W 


Buffered Read/Write 





23a 


GND 


Ground 




23c 


BACT/ 


Buffered Bus Active 


1 


24a 


BIRQ/ 


Buffered Interrupt Request 


1 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


1 


25a 


6^2/ 


Buffered Phase 2 "Not" Clock 





25c 


GND 


Ground 




26a 


B02 


Buffered Phase 2 Clock 





26c 


BRES/ 


Buffered Reset 


o 


27a 


BD7/ 


Buffered Data Bit 7 


I/O 


27c 


BD6/ 


Buffered Data Bit 6 


I/O 


28a 


GND 


Ground 




28c 


BD5/ 


Buffered Data Bit 5 


I/O 


29a 


BD4/ 


Buffered Data Bit 4 


I/O 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


30c 


GND 


Ground 




31a 


BD1/ 


Buffered Data Bit 1 


I/O 


31c 


BDO/ 


Buffered Data Bit 


I/O 


32a 


+5V 


+5Vdc 




32c 


GND 


Ground 




Note: 
















*Ndt us 


ed on this mod 


ule. 













CABLE DRIVER ADAPTER MODULE 

h«- LENGTH -*-^ .CABLE 1 




BUFFER MODULE DIMENSIONS 



.6.8 IN. 
(172 Mf 




^CABLE 1 



MATING 
MOTHERBOARD 
AND RECEPTACLE 



^U 




EUROCARD CONNECTOR 



EUROCONNECTOR 
EXTENSION 



COMPONENT AREA 



.__-V.._ 
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Cable Driver Adapter Module to AIM 65 Expansion Connector Pin Assignments 




Top (Component Side) 


Bottom (Solder Side) 




Signal 




Input/ 




Signal 




Input/ 


Pin 


IMnemonic 


Signal Name 


Output 


Pin 


Mnemonic 


Signal Name 


Output 


1 


SYNC 


SYNC 


1 


A 


AO 


Address Bit 




2 


RDY 


Ready 





B 


A1 


Address Bit 1 




3 


01 


Phase 1 Clock 


1 


C 


A2 


Address Bit 2 




4 


IRQ 


Interrupt Request 





D 


A3 


Address Bit 3 




5 


S.O. 


Set Overflow 





E 


A4 


Address Bit 4 




6 


NMI 


Non-Maskable Interrupt 





F 


A5 


Address Bit 5 




7 


RES 


Reset 





H 


A6 


Address Bit 6 




8 


D7 


Data Bit 7 


I/O 


J 


A7 


Address Bit 7 




9 


D6 


Data Bit 6 


I/O 


K 


AS 


Address Bit 8 




10 


D5 


Data Bit 5 


I/O 


L 


A9 


Address Bit 9 




11 


D4 


Data Bit 4 


I/O 


M 


A10 


Address Bit 10 




12 


D3 


Data Bit 3 


I/O 


N 


All 


Address Bit 11 




13 


D2 


Data Bit 2 


I/O 


P 


A12 


Address Bit 12 




14 


D1 


Data Bit 1 


I/O 


R 


A13 


Address Bit 13 




15 


DO 


Data Bit 


I/O 


S 


A14 


Address Bit 14 




16 


-12V 


*-12Vdc 




T 


A15 


Address Bit 15 




17 


+ 12V 


*+12Vdc 




U 


SYS 02 


System Phase 2 Clock 




18 


CSS 


*Chip Select 8 




V 


SYS R/W 


System Read/Write 




19 


CS9 


*Chip Select 9 




W 


R/W 


Read/Write "Not" 




20 


CSA 


*Chip Select A 




X 


TEST 


*Test 




21 


+5V 


+5Vdc 




Y 


02 


Phase 2 Clock "Not" 


1 


22 


GND 


Ground 




Z 


RAM R/W 


*RAM Read/Write 




Note: 












* = Not used on this modL 


le. 
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CABLE DRIVER ADAPTER/BUFFER SCHEMATIC 




,^j 



^?^^^^"' 






S^ 



en 



miO-D035-OOI 



WK'Wuiejs onw'VWMif SPec/Fieo 



: CAMCITOn M>£ .lOVfiitO'A. SOY. 



9-109 



RM65-7116E 



Cable Driver Adapter/Buffer for AIM 65 



SPECIFICATIONS 



Parameter 


Value 


Dimensions (1,2, 3) 

Cable Driver Adapter Module 

Width 

Length 

Height 
Buffer Module 

Width 

Length 

Height 


4.4 in. (111 mm) 
Sin. (127 mm) 
0.56 in. (14 mm) 

3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weight 


1.0 lb (450 g) 


Power 

Cable Driver Adapter Module 

Buffer Module 


+5V ± 5% 30 mA (0.15W)~TyplGal 

275 mA (0.25W)— Maximum 

+5V ±5% 190 mA (0.95W)— Typical 
330 mA(1.7W)— Maximum 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


OX to 70°C 

-40°Cto +85°C 

0% to 85% (without condensMion) 


Propagation Time 


50 ns^Maximum 


Interfaces 

Interface Connectors 
AIM 65 Expansion Connector 

RM 65 Bus 

Interface Cables 
Number of Cables 
Cable Length 
Type 

Number of conductors per cable 
Wire Size 


22/44— edge receptacle (0.156 in, centers) 

64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 

Two 
6 feet 
Flat ribbon 
40 
#28 AWG 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for pc45ulated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612. 
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RM65-7141E 

RM 65 ADAPTER CABLE AND 

BUFFER MODULE FOR AIM 65/40 



RM 65 MICROCOMPUTER MODULES 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 Module products use a motherboard interconnect con- 
cept and accepts any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and Includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

ORDERING INFORMATION 



Part No. 




RM65-7141E 


Adapter Cable and Buffer Module for AIM 65/40 



PRODUCT OVERVIEW 

The RM65-71 41 E Adapter Cable and Buffer Module extends the 
AIM 65/40 Expansion Bus from the AIM 65/40 Expansion Con- 
nector to RM 65 Bus motherboard that is situated up to two 
meters (78 inches) away. On-t>oard circuitry permits the buffer 
module to drive up to 15 RM 65 Bus-compatible modules. 

The Adapter Cable and Buffer Module consists of a buffer 
module and a 2-meter interconnect cable. The cable is flexible, 
so the motherboard may be installed in a wide variety of loca- 
tions and orientations relative to the AIM 65/40 SBC module. 



FEATURES 

• RM 65 Bus compatible 

• Buffered address, data and control lines 

• Drives up to 15 modules 

• Long cable for distances up to 2 meters 

• Edge connector and Eurocard versions 

• Fully assembled, tested and warranted 
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FUNCTIONAL DESCRIPTION 

The RM65-71 41 E Adapter Cable and Buffer Module consists of 
one module and one interconnect cable. The cable connects to 
the AIM 65/40 SBC module Expansion connector and the module 
connects to an RM 65 Bus motherboard receptacle. 

The two meter 64-conductor flat ribbon cable connects the AIM 
65/40 SBC module to the buffer module. The cable is mass ter- 
minated at each end. One end of the cable connects to the SBC 
module Expansion connector (Euro connector) and the other 
end connects to the buffer module. 

The module buffers and routes all interface signals between the 
interconnect cable and the RM 65 Bus connector. 

The Data Transceivers (Z6) invert and drive 8-bits of parallel 
data. During a write operation, data received from the cable are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cable. The 
bus active signal (BACT/) enables the Transceivers. When the 
bus float signal (BFLT/) is active, the Transceivers are disabled. 

The Address Buffers (Z1 and Z3) invert and transfer 16 parallel 
address lines from the interconnect cables to the RM 65 Bus. 
When the bus float signal (BFLT/) is active, the Buffers are 
disabled. 

Jumper El selects the source for the bank address line 
(BADR/)— either the AIM 65/40 SBC module or another con- 
trolling module on the RM 65 Bus. When the AIM 65/40 SBC 
module is the source (position A), the bank address line 
(BADR/) is sourced by the AIM 65/40 SBC module; this line is 
disabled when the bus float line (BFLT/) is active. For an external 
source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the RM 65 Bus. 

The read/write (BR/W and BR/W/), clock (B02, 802/ and B01 ), 
BSYNC and reset (BRES/) lines from the cable to the bus are 
buffered by the Control Buffers (Z5). All of these lines, except 
BRES/ and B01 are disabled when the bus float line (BFLT/) is 
active. The ready (BRDY), set overflow (BSO), interrupt request 
(BIRQ/) and non-maskable interrupt (BNMI/) lines from the bus 
to the interconnect cable are also buffered by the Control Buffers. 

Jumper E2 selects the source for the DMA Terminate line 
(BDMT/) — either the buffer module or an external module. When 



the AIM 65/40 SBC module is the source (position A), the DMA 
terminate line (BDMT/) from the AIM 65/40 SBC module is put 
on the RM 65 Bus. For an external source (position B), the DMA 
terminate line is not used by the buffer module, and must be 
controlled by another module on the bus. 

INSTALLATION/REMOVAL 

Installing the Adapter Cable and Buffer Module 

Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign materials that will affect performance. 

a. Before installing the AIM 65/40 Adapter Cable and Buffer 
Module, turn off power to the AIM 65/40 SBC module and 
the interfacing RM 65 Bus motherboard. 

b. Configure Jumpers E1 and E2, per the Functional Description. 

c. Connect the cable Euro receptacle connector onto the AIM 
65/40 SBC module Expansion connector (Euro connector). 

d. Connect the other cable connector onto buffer module con- 
nector P2. 

e. Install connector PI of the buffer module into the desired slot 
on the mating RM 65 Bus motherboard. 

CAUTION 

RM 65 Bus connectors are keyed to prevent 
improper module connection. If the module does not 
insert into the receptacle with moderate pressure 
applied, check the orientation and connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 

f. Apply power to the AIM 65/40 SBC module and to the mating 
RM 65 Bus motherboard. (Power to the RM 65 motherboard 
is not supplied by the Adapter Cable and Buffer Module.) 

Removing the Adapter Cable and Buffer Module 

a. Turn off power to the AIM 65/40 SBC module and to the RM 
65 Bus motherboard. 

b. Pull the buffer module straight back until it is free from the 
RM 65 Bus receptacle and card cage slot guides. 

c. Disconnect the cable connector from the AIM 65/40 SBC 
module Expansion connector. 
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RM 65 Bus Pin Assignments 








Bottom (Solder Side) 


Top (Component Side) 




Signal 










Signal 








Pin 


IVInemonic 


Signal Name 


I/O 


Type 


Pin 


Mnemonic 


Signal Name 


I/O 


Type 


1a 


GND 


Ground 




Power 


1c 


+ 5V 


+5 Vdc 




Power 


2a 


BADR/ 


Buffered Bank Address 


o 


3STTL 


2c 


BA15/ 


Buffered Address Bit 15 


O 


3STTL 


3a 


GND 


Ground 




Power 


3c 


BA14/ 


Buffered Address Bit 14 





3STTL 


4a 


BA13/ 


Buffered Address Bit 13 





3STTL 


4c 


BA12/ 


Buffered Address Bit 12 


o 


3STTL 


5a 


BA11/ 


Buffered Address Bit 1 1 


o 


3STTL 


5c 


GND 


Ground 




3STTL 


6a 


BA10/ 


Buffered Address Bit 10 





3STTL 


6c 


BA9/ 


Buffered Address Bit 9 





3STTL 


7a 


BA8/ 


Buffered Address Bit 8 


o 


3STTL 


7c 


BA7/ 


Buffered Address Bit 7 





3STTL 


8a 


GND 


Ground 




Power 


8c 


BA6/ 


Buffered Address Bit 6 





3STTL 


9a 


BA5/ 


Buffered Address Bit 5 


o 


3STTL 


9c 


BA4/ 


Buffered Address Bit 4 





3STTL 


10a 


BA3/ 


Buffered Address Bit 3 


o 


3STTL 


10c 


GND 


Ground 




Power 


11a 


BA2/ 


Buffered Address Bit 2 





3STTL 


11c 


BA1/ 


Buffered Address Bit 1 





3STTL 


12a 


BAO/ 


Buffered Address Bit 





3STTL 


12c 


B01 


Buffered Phase 1 Clock 





TPTTL 


13a 


GND 


Ground 




Power 


13c 


BSYNC 


Buffered Sync 




3STTL 


14a 


BSO 


.Buffered Set Overflow 


1 


OC TTL 


14c 


BDRQ1/ 


•Buffered DMA Request 1 






15a 


BRDY 


Buffered Ready 


1 


OCTTL 


15c 


GND 


Ground 




Power 


16a 




*User Spare 1 






16c 


-12V/-V 


*-12 Vdc/-V 






17a 


+12V/+V 


* + 12 Vdc/+V 






17c 




*UserSpare2 






18a 


GND 


Ground Line 




Power 


18c 


BFLT/ 


Buffered Bus Float 


1 


OCTTL 


19a 


BDMT/ 


Buffered DMA Terminate 







19c 


BOO 


* Buffered External Phase Clock 






20a 




* User Spare 3 






20c 


GND 


Ground 




Power 


21a 


BR/W/ 


Buffered Read/Write "Not" 





3S TTL 


21c 


BDRQ2/ 


* Buffered DMA Request 2 






22a 




* System Spare 






22c 


BR/W 


Buffered Read/Write 





3STTL 


23a 


GND 


Ground 




Power 


23c 


BACT/ 


Buffered Bus Active 


1 


OCTTL 


24a 


BIRQ/ 


Buffered Interrupt Request 


1 


OC TTL 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


1 


OCTTL 


25a 


B02/ 


Buffered Phase 2 "Not" Clock 





3S TTL 


26c 


GND 


Ground 




Power 


26a 


B02 


Buffered Phase 2 Clock 





3S TTL 


26c 


BRES/ 


Buffered Reset 





OC TTL 


27a 


BD7/ 


Buffered Data Bit 7 


I/O 


3STTL 


27c 


BD6/ 


Buffered Data Bit 6 


I/O 


3STTL 


28a 


GND 


Ground 




Power 


28C 


BD5/ 


Buffered Data Bit 5 


I/O 


3S TTL 


29a 


BD4/ 


Buffered Data Bit 4 


I/O 


3STTL 


29c 


BD3/ 


Buffered Data Bit 3 


I/O 


3STTL 


30a 


BD2/ 


Buffered Data Bit 2 


I/O 


3STTL 


30c 


GND 


Ground 




Power 


31a 


BD1/ 


Buffered Data Bit 1 


I/O 


3S TTL 


31c 


BDO/ 


Buffered Data Bit 


I/O 


3STTL 


32a 


+5V 


+5 Vdc 




Power 


32c 


GND 


Ground 




Power 


Notes: 
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SPECIFICATIONS 



Characteristic 


Value 


Dimension (See Notes) 
Width 
Length 
Height(see Note 1) 


100 rrtm (3.9 in.) 
160 mm (6.3 in.) 
14 mm (0.56 in.) 


Weight 


1.0 1b. (140 g) 


Power (Supplied from RM 65 Bus) 


4-5V ± 5% 170 mA (0.85 W)— Typical 

270 mA (1.35 W)— Maximum 


Environment 

Operating Temperature 
Storage Temperature 
Relative Humidity 


0°Cto70°C 

-40°Cto85°C 

0% to 85% (without condensation) 


Propagation Time (maximum) 


35 ns Address Bus 

70 ns Data Bus (ref BACT/) 


Interface Connectors 

AIM 65/40 Expansion Connector 

RM 65 Bus 


64-pin DIN connector (0.100 in. centers) per DIN 41612 (mates with Burndy 
RPI96B32POA02K9 or equivalent) 

64-pin plug (0.1 00 in. centers) per DIN 41 61 2 (Row b is not installed) 


Interface Cables 

Number of Cables 

Cable Length 

Type 

Number of conductors per cable 

Wire Size 

Connectors (Part Number) 


One 

2 m (78 in.) 

Flat ribbon 

64 

#28AWG 

J1 Winphester 965-6053-0531-12 or equivalent 

J2 Winchester 645-6053-422-12 

T&BAnsley 609-641-2 

Cannon 006D64R3BAL or equivalent 


Notes: 

1. The height includes the maximum values for component height above the board surface (0.4 in. for populated modules), pririted circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). Allow an additional 19 mm (0.75 in.) for the connector on 
the bottom of the module and cable bend. 

2. The length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. The dimensions conform to DIN 41 61 2. 



J1 





^ 






m 






-ssJ 


lim 




s-xA 


p<5 




Wm 


lo; 




ijf 






1 
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RM65-7201E 
RM 65 DESIGN PROTOTYPING MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-7201E Design Prototyping Module is one of the 
hardware options available for the RM 65 Microcomputer Module 
family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PU65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40. Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

ORDERING INFORMATION 



FEATURES 

• Compact size— approximately 4" x ew (100 mm x 160 mm) 

• Provision for mounting mass-terminated cable connectors 

• All wire-wrap holes pre-drilled on 0.100 in. centers 

• Provision for installing decoupling capacitors 

• Spacing for 0.300, 0.400 and 0.600 in. wide components 

• +5V and ground extended throughout the module 

• Isolated power strips allow connection to other supply voltages 

PRODUCT OVERVIEW 

The RM65-7201E Design Prototyping Module allows you to 
develop custom application circuits for installation in any RM 65 
motherboard. 

Power and return lines are prerouted throughout the module. 
Plated-through holes, spaced beside the power lines, permit 
wire-wrap sockets to be installed. The hole pattern allows manual 
or automatic wire-wrapping. The holes at the I/O end of the 
module accept a variety of wire-wrap flat ribbon cable connec- 
tors. Additional predrilled holes permit mounting of decoupling 
capacitors. 



Part No. 


Description 


RM65-7201E 


Design Prototyping Module 




RI\/I65-7201E Design Prototyping l\/lodule 
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CONNECTOR +6V 

HOLES F/T 



I 
F/T 



+5V 

F/T 



I +5V 

F/T F/T 

Component Side 



I 
F/T 



+5V 
F/T 



I 
F/T 



+5V 
F/T 



CONNECTOR 
HOLES 



1a, 1c 




32a, 32c 



Note: I = ISOLATED POWER STRIPS 
F/T = FEEDTHROUTH HOL^S 



B 
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RIM 65 Bus Pin Assignments 






Bottom 


(Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


la 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


. 2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


■5a''''^'.. ■ 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


' ■11a -■•:, ,: 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


BjZll 


Buffered Phase 1 Clock 


13a . 


GND 


Ground 


13c 


BSYNC 


Buffered Sync 


14a 


BSO 


Buffered Set Overflow 


14c 


BDRQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


■ GND 


Ground 


16a 




User Spare 1 


16c 


-12V/-V 


-12Vdc/-V 


17a 


+ 12V/+V 


+ 12Vdc/+V 


17c 




User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


Buffered Bus Float 


19a 


BDMT/ 


Buffered DMA Terminate 


19c 


B^O 


Buffered External Pfiase Clock 


20a 




User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ . 


Buffered DMA Request 2 


22a 




System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


25a 


BCf2/ 


Buffered Pliase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B^2 


Buffered Pfiase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


Bbo/ 


Buffered Data Bit 


32a 


+5V 


+5 Vdc 


32c 


GND 


Ground 



INSTALLATION 

Before installing the module, inspect for damage and grease, 
dirt, liquid or other forsignmaterlals that will affect performance. 

a. Solder jumpers between the isolated jDower strips and the 
power (+5V, +12/+V, or -12V/-V) traces as required. 

CAUTION 

Before proceeding, ensure that the power strips are not 
shorted to GND. 

b. Solder power filter capacitors as required between the power 
strips and GND. 

c. Install and wire components on the Design Prototype Module: 

1. Insert wire-wrap sockets into the desired holes. Solder 
two pins (on opposite ends of the socket) to the associ- 
ated feedthrough to hold the socket in place. 

2. Insert the solder stakes for mounting of discrete compo- 
nents, power connection and test points into the desired 
holes and solder to the associated feedthroughs. 

3. Insert and solder individual or strip stakes into connector 
holes for all RM 65 bus signals used on the module. 



4. Wire wrap wires between the protruding pins and other 
pins or power/GND traces as required. 

d. Double check the hookup to ensure proper connection. 

CAUTION 

Ensure that no power lines are shorted to GND before 
installation Into the RM 65 bus. Shorting power to ground 
may damage your circuitry, module, power supply and/or 
interfacing modules unless proper current limiting protec- 
tion is provided. 

e. Install components into sockets as required. 

f. Remove power from the RM 65 bus. 

CAUTION 

Never install or remove modules with power on — it may 
cause damage to your module and/or host system. 

g. Insert the module in the RM 65 Bus motherboard or single 
card adapter receptacle. 

h. Apply power to the RM 65 bus. 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1,2, 3) 

Width 

Length 

Height 


3;9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


Weiglit 


2.5 0Z. (65g) 


RM 65 Bus Interface 


64-pin plug (0. 1 00 in. centers) per DIN 41 61 2 (Row b Is not installed) 


Component Mounting Area: 

Number of Component Hole Columns: 
Number of Component Hole Rows: 
Number of +5V power strips: 
Number of isolated power strips: 
Number of ground strips: 
Vertical hole spacing: 
Horizontal hole spacing: 


36 
36 

6 . 

4 

9 

0.100 in. 

0.100 in. 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickhess (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extensions due to the module ejector. 

3. Dimensions conform to DIN 41612. 



_6.8 IN. 

(172 MM) 



MATING 
MOTHERBOARD 
AND RECEPTACLE 



F 



^ 
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.\ 



-EUROCONNECTOR 
EXTENSION 

l\/lodule Dimensions 



□ 
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RM65-7211E 
RM 65 EXTENDER MODULE 



RM 65 MICROCOMPUTER MODULES 

The RM65-7211E Extender Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL765, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 

RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-lrne RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions, A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 

ORDERING INFORMATION 



Part No. 


Description 


RM65-7211E 


Extender Module 



FEATURES 

• Extends all RM 65 Bus Lines 

• Terminals for GND and +5V 

• Assembled, tested and warranted 



PRODUCT OVERVIEW 

The RM 65 Extender Module physically extends a module that 
is electrically connected to an RM 65 motherboard. This sim- 
plifies signal tracing and troubleshooting by providing access to 
the module outside of its card cage or enclosure. 

The RM 65 Extender Module consists of a series of bus lines 
connecting the RM 65 connector plug on one end, to an RM 65 
compatible connector receptacle on the other end. The lines are 
connected pin-for-pin between the plug and receptacle. 




RM65-7211E Extender Module 



Document No. RMA65N07 
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RM 65 Bus Pin Assignments 



Bottom (Solder Side) 


Top (Component Side) 




Signal 






Signal 




Pin 


Mnemonic 


Signal Name 


Pin 


Mnemonic 


Signal Name 


1a 


GND 


Ground 


1c 


+5V 


+5 Vdc 


2a 


BADR/ 


Buffered Bank Address 


2c 


BA15/ 


Buffered Address Bit 15 


3a 


GND 


Ground 


3c 


BA14/ 


Buffered Address Bit 14 


4a 


BA13/ 


Buffered Address Bit 13 


4c 


BA12/ 


Buffered Address Bit 12 


5a 


BA11/ 


Buffered Address Bit 1 1 


5c 


GND 


Ground 


6a 


BA10/ 


Buffered Address Bit 10 


6c 


BA9/ 


Buffered Address Bit 9 


7a 


BA8/ 


Buffered Address Bit 8 


7c 


BA7/ 


Buffered Address Bit 7 


8a 


GND 


Ground 


8c 


BA6/ 


Buffered Address Bit 6 


9a 


BA5/ 


Buffered Address Bit 5 


9c 


BA4/ 


Buffered Address Bit 4 


10a 


BA3/ 


Buffered Address Bit 3 


10c 


GND 


Ground 


11a 


BA2/ 


Buffered Address Bit 2 


11c 


BA1/ 


Buffered Address Bit 1 


12a 


BAO/ 


Buffered Address Bit 


12c 


B01 


Buffered Phase 1 Clock 


13a 


GND 


Ground 


13c 


BSYNC 


Buffered Sync 


14a 


BSO 


Buffered Set Overflow 


14c 


BDRQ1/ 


Buffered DMA Request 1 


15a 


BRDY 


Buffered Ready 


15c 


GND 


Ground 


16a 




User Spare 1 


16c 


-12V/-V 


-12 Vdc/-V 


17a 


+ 12V/+V 


+12Vdc/+V 


17c 




User Spare 2 


18a 


GND 


Ground Line 


18c 


BFLT/ 


Buffered Bus Float 


19a 


BDMT/ 


Buffered DMA Terminate 


19c 


B0O 


Buffered External Phase Clock 


20a 




User Spare 3 


20c 


GND 


Ground 


21a 


BR/W/ 


Buffered Read/Write "Not" 


21c 


BDRQ2/ 


Buffered DMA Request 2 


22a 




System Spare 


22c 


BR/W 


Buffered Read/Write 


23a 


GND 


Ground 


23c 


BACT/ 


Buffered Bus Active 


24a 


BIRQ/ 


Buffered Interrupt Request 


24c 


BNMI/ 


Buffered Non-Maskable Interrupt 


25a 


BjZl2/ 


Buffered Phase 2 "Not" Clock 


25c 


GND 


Ground 


26a 


B?2 


Buffered Phase 2 Clock 


26c 


BRES/ 


Buffered Reset 


27a 


BD7/ 


Buffered Data Bit 7 


27c 


BD6/ 


Buffered Data Bit 6 


28a 


GND 


Ground 


28c 


BD5/ 


Buffered Data Bit 5 


29a 


BD4/ 


Buffered Data Bit 4 


29c 


BD3/ 


Buffered Data Bit 3 


30a 


BD2/ 


Buffered Data Bit 2 


30c 


GND 


Ground 


31a 


BD1/ 


Buffered Data Bit 1 


31c 


BDO/ 


Buffered Data Bit 


32a 


+5V 


+5Vdc 


32c 


GND 


Ground 



INSTALLATION 

Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign materials that will affect performance. 

a. Turn power off to the RM 65 bus. 

CAUTION 

Never install or remove modules with power on — it may 
cause damage to the host system or the modules being 
connected or disconnected. 

b. Remove module to be extended from the RM 65 card cage 
(if present). 



c. Insert the Extender Module in a vacant card slot In the card 
cage and connect it to the motherboard. 

d. Connect the module to be extended to J1 of the Extender 
Module. 



CAUTION 

Be sure the extended module is properly supported to 
prevent damage to the module and/or the Extender 
Module. 

e. Apply power to the RM 65 bus. 
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SPECIFICATIONS 



Parameter 


Value 


Dimensions (1, 2, 3) 
Width 
Length 
Height 


3.9 in. (100 mm) 
7.4 in. (187 mm) 
0.56 in. (14 mm) 


Weight 


3.2 oz. (90 g) 


Interface Connectors 

RIVI65BUS 

RIVI 65 IVIoduJe 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not used) 
64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not used) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 



MATING 
MOTHERBOARD 
AND RECEPTACLE 



^ 



tr'-^ 




EUROCARD CONNECTOR 



XlL- 



-EUROCONNECTOR 
EXTENSION 



Module Dimensions 
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INTEGRAL MODEMS 
Highest Quality, Performance at Competitive Cost 



Rockwell International's high-speed integral modem 
subsystems offer better performance and greater reliability 
than any others. They're also more cost effective and are 
optimized to match more applications than others. That's 
why Rockwell produces more high-speed integral modem 
subsystems than any other company. 

The chances are, if you're using a high-speed box 
modem, a Rockwell subsystem is in it. Practically every 
facsimile machine uses our modems. Rockwell is, by far, 
the leading supplier to Japanese facsimile machine 
manufacturers. With 99.6% of our subsystems accepted by 
incoming inspection, we have documented an MTBF of 
200,000 hours, or about 23 years between service calls. 

As for performance, our modems don't lose a bit in a 
million, even over long distance lines of the commercial 
telephone network. Much of this is because of our signal 
processing capabilities, equalization and diagnostics. 

Built-in diagnostics, such as eye pattern and mean 
squared error, allow thorough modem testing, Several 
stages qf equalization permit accurate transmission over 
even unconditioned lines. In fact, adaptive equalization, 
which compensates for phase shifts and frequency delays, 
was originated in modem technology under a basic patent 
owned by Rockwell. 



Much of modem technology came from Rockwell 
International. Our first modems date back to vacuum tube 
versions in 1955. We made the first LSI integral modems in 
1969. Today, we cover all speeds from 1200- to 9600 bps, 
with a 14,400 bps model to be announced. 

Our newest third-generation LSI family members are 
designed to be addressed as microcomputer peripherals, 
thus simplifying design and reducing costs of the host 
equipment. They're on interchangeable cards, small 
Eurocard sized, so you can switch communication speeds 
without expensive design changes. 

And, they're optimized for specific applications— for box 
modems and statistical multiplexers, for facsimile 
equipment, for use in multi-point system terminals, etc. 

They're also low in price and readily available. Being the 
largest manufacturer lets us pass our advantages on to our 
customers. We offer the best cost/performance modem 
subsystems, with the highest reliability. There's no one else 
close. 



Rockwell Integral Modem Subsystems Lead The Industry 

1973 




MTBF (Thousand Hours) 
ACCEPTANCE (%) 
CARD SIZE (Sq. In.) 



50 


100 


200 


95 


99.5 


99.7 


112 


54 
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R96FAX 
9600 BPS FACSIMILE MODEM 



PRELIMINARY 



INTRODUCTION 

The Rockwell R96FAX Is a synchronous serial 9600 bps modem 
designed for operation over either dedicated unconditioned lines 
or over the general switched telephone network. 

The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 ter, and of Recom- 
mendations T.30, T.4 and T.3. 

The R96FAX is specifically optimized for use in Group III 
Facsimile machines with the added capability of Group II 
compatibility. The small size and low power consumption of the 
modem offer the user flexibility in creating a 9600 bps modem 
design customized for specific packaging and functional 
requirements. 

The modem is capable of operating at 9600, 7200, 4800, 2400, 
and 300 bps. 



FEATURES 

• Ultimate User Compatibility: 

— CCITT V.29, V.27 ter, T.30, V.21 Channel 2, T.4, T.3 

• Group III and Group 11 Facsimile 

• Half-Duplex (2-Wire) 

• Programmable Tone Generation and Detection 

• Dynamic Range -43 dBm to dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link Amplitude (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Small Size — 100 mm x 65 mm (3.94 x 2.56 inches) 

• Low Power Consumption (2 Watts, Typical) 

• Transmit Output Level ( + 5.5 dBm ±0.5 dB) 

• TTL and CMOS Compatible 
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TECHNICAL SPECIFICATIONS 

The following are the technical specifications for the R96FAX 
modem. 

TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 

The transmitter tonal signaling and carrier frequencies are given 
in the following tables: 

T. 30 Tonal Signaling Frequencies 





Specification 


Frequency Type 


(Hz ± 0.5 Hz) 


Calling Tone (CNG) 


1100 


Answer Tone (CED) 


2100 


Group II Identification (C12) 


1850 


Group II Command (GC2) 


2100 


Group 11 Confirmation (CFR2, MCF2) 


1650 


Line Conditioning Signal (LCS) 


1100 


End of Message (EOM) 


1100 


Procedure Interrupt (PIS) 


462 



Carrier Frequencies 



Frequency Type 


Specification 
(Hz ± 0.5 Hz) 


T.3 Carrier (Group II) 
V.27 ter Carrier 
V.29 Carrier 


2100 
1800 
1700 



TONE GENERATION 

Under control of the host processor; the R96FAX can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 

TONE DETECTION 

In the 300 bps FSK receive configuration, the presence of tones 
at preset frequencies is Indicated by bits in the mterface memory 
of the R96FAX. The frequencies and responses may be altered 
by the user via microprocessor control. 

SIGNALING AND DATA RATES 

The signaling and data rates for the R96FAX are defined In the 
table below: 

Signaling/Data Rates 



Parameter 


Specification 
(± 0.01%) 


Signaling Rate: 
Data Rate: 


2400 Baud 
9600 bps, 
7200 bps. 
4800 bps 


Signaling Rate: 
Data Rate: 


1600 Baud 
4800 bps 


Signaling Rate: 
Data Rate: 


1200 Baud 
2400 bps 



DATA ENCODING 

At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 



is divided into three bits (tribits) forming an 8-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) 
forming a 4-point structure. 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 ter. 

At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 ter. 

EQUALIZERS 

The R96FAX provides equalization functions which can be used 
to improve performance when operating over poor lines. 

Cable Equalizers ~ Selectable compromise cable equalizers 
are provided to optimize performance over different lengths of 
non-loaded cable of 0.4 mm diameter. 

Link Amplitude Equalizer ~ The selectable compromise 
amplitude equalizer may be inserted into the transmit and/or 
receive paths under control of the transmit amplitude equalizer 
enable and the receive amplitude equalizer enable bits in the 
interface memory. The anriplitude select bit controls which of two 
amplitude equalizers is selected. 

Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit for V.27 and V.29 
configurations, The equalizer can be configured as either a T 
or a T/2 equalizer. 

TRANSMITTED DATA SPECTRUM 

If neither the link amplitude nor cable equalizer is enabled, the 
transmitter spectrum is shaped by the following raised cosine 
filter functions: 

1 . 7200 Baud. Square root of 90 percent 

2. 1600 Baud. Square root of 50 percent 

3. 2400 Baud. Square root of 20 percent 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 

SCRAIVIBLER/DESCRAIVIBLER 

The R96FAX incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 ter 
or V.29 depending on the selected configuration. 

RECEIVED SIGNAL 
FREQUENCY TOLERANCE 

The receiver circuit of the R96FAX can adapt to received 
frequency error of up to ±10 Hz with less than a 0.2 dB degrada- 
tion in BER performance. Group II carrier recovery capture range 
is 2100 ± 30 Hz. 

RECEIVE LEVEL 

The receiver circuit of the R96FAX satisfies all specified perform- 
ance requirements for received line signal levels from OdBm to 
-43dBm. The received line signal level is measured at the 
receiver analog input (RXA). 
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RECEIVE TIMING 

In the receive state, the R96FAX provides a Data Ctock (DCLK) 
output in the form of a square wave. The low to high transitions 
of this output coinpide with the center of received data bits. The 
timing recovery circuit is capable of tracking a ±0.01% fre- 
quency error in the associated transmit timing source. 

TRANSMIT LEVEL 

The transmitter output level is fixed at + 5.5 dBm ±0.5 dB. When 
driving a 600 ohm load the TXA output requires a 600 ohm series 
resistor to provide -0.5 dSm ±0.6 dB to the load. 

TRANSMIT TIMING 

In the transmit state, the R96FAX provides a Data Clock (DCLK) 
output with the following characteristics: 

1 . Frequency. Selected data rate of 9600, 7200, 4800, 2400, 
or 300 Hz (±0.01%). In Group It, DCLK tracks an external 
10368 Hz clock. 

2. Duty Cycle. 50 ± 1 % 

Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 

TURN-ON SEQUENCE 

A total of ten selectable turn-on sequences can be generated 
by the R96FAX, as defined in the following table: 

Turn-On Sequences 



NO. 


V.29 


V.27 ter 


RTS-CTS 
Time (ms) 


Comments 


1 
2 
3 
4 
5 


III 


4800 bps2 
2400 bps2 


253 
253 
253 
708 
943 




6 
7 
8 
9 
10 


9600 bps 
7200 bps 
4800 bps 


4800 bps2 
2400 bps2 


458 
458 
458 
913 
1148 


Preceded 
By Echo 
Suppressor 
Disable 
Tone 


NOTES 

1 . Turn-on sequences six through ten can be generated for 
lines with protection against talker echo. 

2. V.27 ter long training sequence only. 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled 1's followed by a 20 ms period of no 
transmitted energy. 

CLAMPING 

The following clamps are provided with the R96FAX: 
1 . Received Data (RXD). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 



2. Received Line Signal Detector (RLSD). RLSD is clamped off 
(squelched) during the time when RTS is on. 

3. Extended Squelch. Optionally, RLSD remains clamped off for 
130 ms after the oh-to-off transition of RTS. 

RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 

The time between the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence. Response time is 253 ms for V.29, 708 ms for V.27 
ter at 4800 bps, and 943 ms for y.27 ter at 2400 bps. 

the time between the On-to^off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 

RECEIVED LINE SIGNAL DETECTOR (RLSD) 

For either V.27 ter or V.29, RLSD turns on at the end of the train- 
ing sequence. If training is not detected at the receiver, the RLSD 
off"to-on response time is 15 ±10 ms. The RLSD on-to-off 
response time for V.27 is 1 ± 5 ms and for V.29 is 30 ± 9 ms. 
Response times are measured with a signal at least 3 dB above 
the actual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 

The RLSD on-to-off response time ensures that all valid data bits 
have appeared on RXD. 

Two threshold options are provided: 

1 . Greater than -43 dBm (RLSD on) 
Less than -48 dBm (RLSD off) 

2. Greater than -47 dBm (RLSD on) 
Less than -52 dBm (RLSD off) 



NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 



MODES OF OPERATION 

The R96FAX is Capable of being operated in either a serial or 
a parallel mode of operation. 



SERIAL MODE 

The serial mode uses standard V. 24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the R96FAX Interface Diagram) illustrates this 
capability. 

PARALLEL MODE 

The R96FAX has the capability of transferring channel data eight 
bits at a time via the microprocessor bus. 
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MODE SELECTION 



R96FAX Functional Interconnect Diagram 

R96FAX Hardware Supervisory Circuits (Cont.) 



Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
serial mode at power-on. In either mode the R96FAX is con- 
figured by the host processor via the microprocessor bus. 



INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
40-pin ribbon connector. Software circuits are assigned to 
specific bits in a 32-byte interface memory. 

HARDWARE SUPERVISORY CIRCUITS 

Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
the R96FAX Hardware Supervisory Circuits table. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 



R96FAX Hardware Supervisory Circuits 


Name | I/O { Pin No. | Description 


A. OVERHEAD: 


GND 
+ 5 volts 
+ 12 volts 
-12 volts 
POR 


1 
1 
1 
1 
I/O 


14,39 
3,4 
26 
37 
36 


Ground 

+ 5 volt supply 

+ 12 volt supply 

-12 volt supply 

Power-on-reset 



Name 


I/O 


Pin No. 


Description 


B. MICROPROCESSOR INTERFACE: 


D7 


I/O 


7 




D6 


I/O 


5 




D5 


I/O 


9 




D4 


I/O 


31 


Data Bus (8 Bits) 


D3 


I/O 


15 




D2 


I/O 


28 




Di 


I/O 


23 




DO 


I/O 


29 




RS3 




30 




RS2 




8 


Register Select (4 Bits) 


RSI 




27 




RSO 




10 




CSC 




6 


Chip Select for Bank 


CSI 




18 


Chip Select for Bank 1 


READ 




1 


Read Enable 


WRITE 




2 


Write Enable 


IRQ 





32 


Interrupt Request 


C. V.24 INTERFACE: 


DCLK 





13 


Data Clock 


XCLK 


1 


22 


External Clock for Group II 


RTS 


1 


19 


Request-to-Send 


GTS 





17 


Clear-to-Send 


TXD 


1 


20 


Transmitter Data 


RXD 





21 


Receiver Data 


RLSD 





16 


Received Line Signal Detector 


D. CABLE E 


QUAL 


ZER: 




CABS1 


1 


33 


Cable Select 1 


CABS2 


1 


34 


Cable Select 2 


E. ANALOG 


SIGN) 


\LS: 




TXA 





38 


Transmitter Analog Output 


RXA 


1. 


40 


Receiver Analog Input 


AUXIN 


1 


35 


Auxiliary Analog Input 
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R96FAX interface Memory 



Microprocessor Interface Timing Diagram 
Critical Timing Requirements 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 


_ 


NS 


Data Access time after Read 


TDA 


— 


140 


NS 


Data hold time after Read 


TDH 


10 


50 


NS 


CSi, RSi hold time after 
Read or Write 


TCH 


10 


_ 


NS 


Write data setup time 


TWDS 


75 


- 


NS 


Write data hold time 


TWDH 


10 


— 


NS 


Write strobe pulse width 


TWR 


75 


— 


NS 



Cable Equalizer Selection 



CABS2 


CABS1 


Length of 0.4mm Diameter Cable 





1 
1 




1 



1 


0.0 
1.8 km 
3.6 km 
7.2 km 



INTERFACE IVIEiy/IORY 

The R96FAX has two banks of 16 registers to which an exter- 
nal (host) microprocessor has access. Although these registers 
are within the modem, they may be addressed as part of the 
host processor's memory space. The host may read data out 
of or write data into these registers. These registers are referred 
to as interface memory. See R96FAX Interface Memory table. 
Registers in bank update at the modem sample rate (9600 bps). 
Registers in bank 1 update at the selected baud rate. 

V^hen information in ttiese registers is being discussed, the format 
Y:Z:Q is used. We bank is specified by Y(0 or 1), tlie register 
by Z(O'F), and ttie bit by 0(0-7, = LSB). A bit is considered to 
be "on" wfien set to a 1. 



Bank 


(HEX) 
Reg No. 


Description 















d 






F 
E 
D 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 



Diagnostic Control 
Handshake Status 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Option 

Configuration 

Diagnostic Data Real MSB's; FREQM 
Diagnostic Data Real LSB's; FREQL 
Diagnostic Imaginary MSB's 
Diagnostic Imaginary LSB's; Data 
Transfer Register 




F 

E 
D 
C 
B 
A 
9 
8 

6 
5 
4 
3 
2 
1 



Diagnostic Control 

Handshake Status 

RAM Write Control 

Gil AGC Slew Rate Select 

Tone Detect Indicator 

Do Not Use 

Do Not Use 

Do Not Use 

Receiver Status 

Do Not Use 

Receiver Status 

Receiver Status 

Diagnostic Data Real MSB's 

Diagnostic Data Real LSB's 

Diagnostic Imaginary MSB's 

Diagnostic Imaginary LSB's 



SOFTWARE SUPERVISORY CIRCUITS 

The operation of the R96FAX is affected by a number of soft- 
ware control inputs. These Inputs are written into registers within 
the modem via a microprocessor bus under external control. 
Modem operation is monitored by various software flags that are 
read from modem registers using the same microprocessor bus. 
The functions of all modem I/O registers are listed in the R96FAX 
Interface Memory table and are defined as follows: 



CONFIGURATION REGISTER 

The host processor configures the R96FAX by writing a control 
byte into the configuration register (0:4) in its interface memory 
space as shown in the following table: 



Configuration Register (0:4) 



M 



Bit 7 


Bite 


Bits 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bite 


TNXMT 


G2 


FSK 


V29 


V27 


DR3 


DR2 


DR1 
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Definition of Configuration terms: 

TNXMT. Tone Transmit 

G2. Group ii Facsimile 

FSK. 300 bps FSK/Tone Detection 

V29. V.29 Configuration 

V27. V.27 Configuration 

DR3. Selects 9600 bps/V.29 

DR2. Selects 7200 bps/V.29, 

Selects 4800 bps/V.27 
DR1. Selects 4800 bps/V.29, 

Selects 2400 bps/V.27 



Control words for the five configurations are given in hex- 
adecimal format in the following table: 

Configuration Control Words 



No. 


Configuration 


Configuration Word (HEX) 


1 


V.29 9600 
V.29 7200 
V.29 4800 


14 
12 
11 


''2'.' ■'■■'■ 


V.27 4800 
V.27 2400 


OA 
09 


3 


FSK 


20 


4 


Group II 


40 


5 


Tone Transmit 


80 



Definition of Configurations: 

1. V.29. When any of the V.29 configurations has been 
selected, the modem operates as specified in CCITT Recom- 
mendation V.29. 

2. V.27. When any of the V.27 configurations has been 
selected, the modem operates as specified In CCITT Recom- 
mendation V.27 ter. 

3. FSK. The modem operates as a,CCITTT.30 compatible 
300 bps FSK modem having characteristics of the CCITT 
V.21 channel 2 modulation system, 

4. Group II. The modem operates as a CCITT T. 3 compatible 
AM modem. This permits transmission to and reception from 
Group II facsimile apparatus. A carrier frequency of 2100 Hz 
is used. A white signal is transmitted as maximum carrier. 
A black signal Is transmitted as no carrier. The phase of the 
carrier representing white is reversed after each transition 
through black. 

When in the receive state, the R96FAX recovers the carrier 
of the remote transmitting modem to perform a coherent 
demodulation of the incoming signal. This allows a baseband 
of 3400 Hz to be recovered. The recovered baseband signal 
is made available on the microprocessor bus as diagnostic 
data. 

The baseband signal is converted to black or white by com^ 
paring the received signal level with a preset threshold 
number. This number may be changed by the user. 



Receiver data is presented to the RXD output at a rate of 
1 0368 samples per second. The user should strobe the data 
on the rising edge of the data clock (DCLK). A logical 1 level 
(high voltage), represents white. A logical level (low voltage) 
represents black. 

5. Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The l^ast 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz ±0.01%. The 
frequency generated is: f = 0.146484 (256 FREQM + 
FREQL) Hz ±0.01%. 

Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are shown in the following chart: 



Commonly Generated Tones 




Frequency 


FREQM 


FREQL 


462 Hz 


00 




52 


1100 Hz 


ID 




55 


1850 Hz 


2C 




00 


1850 Hz 


■■'■''..'■■■.;■ ..'31 ■ 




55 


2100 Hz 


'■■'-;: ''3^ ■ ■ 




00 



OPTION REGISTER 

Th^e host processor conveys option information to the R96FAX 
by writing a control byte into the Option Register (0:5) in its 
memory space as shown in the table below: 







Option Register (0:5) 








Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 




RTS 


TDIS 






EDIS 


SQEXT 


T2 


LRTH 


Definit 


ion of 


Option 


Termj 


5: 











RTS. Request-to-Send 

TDIS. Training Disable 

EDIS. Echo Protector Disable 

SQEXT. Squelch Extend 

T2. T/2 Equalizer 

LRTH. Lower Receive Threshold 



Definition of Options: 

1 . Request-to-Send. The R96FAX operates in the receive state 
until RTS (0:5:7) is turned on. At that time the modem 
switches to the transmit state and remains there until RTS 
is turned off, and the turn-off sequence has been completed. 

2. Training Disable. When the TDIS bit (0:5:6) is on in the 
receive state, this bit prevents the modem from entering the 
training phase. When turned on prior to RTS going on, this 
bit prevents the generation of a training sequence at the start 
of transmission. 
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Echo Protector Disable. If the EDIS bit (0:5:3) is on, an 
unmodulated carrier is transmitted for 185 to 200 ms followed 
by 20 to 25 ms of no transmitted energy at the beginning of 
the training sequence. This option is available in both the V.27 
and V.29 configurations although it is not specified in the 
CCITT V.29 Recommendation. 



4. Squelch Extend. When on, the SQEXT bit (0:5:2) inhibits 
reception of signals for 130 ms after RTS is turned off. 



5. T/2 Equalizer. If the 112 equalizer bit (0:5:1 ) is off, an adap- 
tive equalfzer with one tap per baud is used. If the T/2 bit 
is on, an adaptive equalizer with two taps per baud is used. 



6. Lower Receive Threshold. When on, the LRTH bit (0:5:0) 
lowers the receiver turn-on threshold from -43 dBm to 
-47dBm. 



DISCRETE CONTROL BITS 

The discrete control bits are defined in the following table: 

Discrete Control Bits 



STATUS BITS 

The status bits are defined in the following table: 

Status Bits 



Name 


ID. No. 


Description 


PDM 


0:F:7 


When on, RDM places the R96FAX in the 
parallel mode and inhibits bank diagnostics. 


SETUP 


0:E:3 


When on, SETUP causes the R96FAX to 
reconfigure to the control word in the con- 
figuration register and to assume the options 
specified for equalizer (0:5:1) and threshold 
(0:5:6). Resets automatically. Note: Bit 0:4:0 
through 0:4:4 should only change state while 
RJS is off to prevent errors in transmission. 


lEO 


0:E:2 


When on, Interrupt Enable (Zero), causes the 
IRQ output to be low when the DAO bit 
(0:E:0) is on. 


RAMW 


1:D:0 


RAMW, when on, causes the 16-bit word in 
locations 1 :0 and 1 :1 to be written into RAM 
at the location specified In the diagnostic con- 
trol register (1:F). 


J3L 


1:D:4 


Japanese 3 link, when on, selects this 
standard for link amplitude equalizer; when off 
selects U.S. survey long. 


RLE 


1:D:5 


Receiver link equalizer, when on, enables the 
link amplitude equalizer in the receiver. 


TIE 


1:D:6 


Transmitter link equalizer, when on, enables 
the link amplitude equalizer in the transmitter. 


G2FGC 


1 :0-0 


G2FGC, when on, selects a fast AGC rate in 
Group II. 


IE1 


1:E;2 


When on, Interrupt Enable (One) causes the 
IRQ output to be low when the DAI bit 
(1:E:0) is on. 



Name 


I.D. No. 


Description 


DAD 


0:E:0 


Data Available (Zero) goes on when the 
R96FAX writes data into registered 0:0. It is 
reset when the host processor reads or writes 
register 0:0. DAO is used in the parallel mode 
and also for diagnostic data retrieval. 


lAO 


0:E:7 


Interrupt Active (Zero) is on when bankO is 
causing IRQP to be active. 


FED 


1:5:6 


Fast Energy Detect, when off, indicates energy 
on the receiver input. Not used for Group II. 


P2DET 


1:4:2 


When off, P2DET indicates a P2 sequence has 
been detected. Sets to 1 at start of PN 
sequence. 


PNDET 


1:7:6 


When off, PNDET indicates a PN sequence 
has been detected. Sets to 1 at end of PN 
sequence. 


CDET 


1:7:0 


When off, CDET indicates that energy is being 
detected and a training sequence is not 
present. Goes off at start of data state. 


DA1 


1:E:0 


Data Available (One) goes on when the 
R96FAX writes data into register 1:0. It is reset 
when the host processor reads or writes 
register 1:0. 


IA1 


1:E:7 


Interrupt Active (One) is on when bank 1 is 
causing IRQ to be active. 


F3 
F2 
F1 


1:B:7 
1:B:6 
1:B:5 


When on, these bits indicate reception of their 
respective tonal frequencies if the R§6FAX is 
configured in FSK. Default frequencies are: 
F3 = 462 Hz, F2 = 1100 Hz, and F1 == 
2100 Hz. 



DIAGNOSTIC CAPABILITIES 

The R96FAX provides the user with access to much of the data 
stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 



HARDWARE DIAGNOSTIC CIRCUITS 

Signal names and descriptions of the hardware diagnostic 
circuits are given in the table below: 



Hardware Diagnostic Circuits 



Name 


I/O 


Pin No. 


Description 


EYEX 
EYEY 
EYECLK 
EYESYNC 








24 
25 
11 
12^'.' 


Eye Pattern Data — X Axis 
Eye Pattern Data — Y Axis 
Eye Pattern Clock 
Eye Pattern Synchronizing 
Signal 



rn 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y Inputs of an oscilloscope. 



SOFTWARE DIAGNOSTIC CIRCUITS 

Two diagnostic control registers are provided in the interface 
memory to allow user access to various RAM locations within 
the modem. The access code stored in bank (0:F) selects the 
source of data for the real and imaginary diagnostic data 
registers in bank (0:0 through 0:3). Similarly the access code 
stored In bank 1 (1:F) selects the source of data for registers 
1:0 through 1:3. Bank 1 also provides the user with the ability 
to store the contents of registers 1:0 and 1:1 in the RAM loca- 
tion specified in register 1:F. Writing is performed by turning on 
control bit RAMW (1 : 13:0). Reading is performed by handshak- 
ing with the appropriate Data Available status bit. The eight most 
significant bits of real and inriaginary data from bank 1 are also 
presented serially on EYEX and EYEY respectively. 



RAM ACCESS CODES (READ) 

The RAM Access Codes defined in the table below allow the 
host processor to read diagnostic information within the R96FAX. 



RAM Access Codes (Read) 



Banl^ 


Function 


Access 


Data Type 





Received Signal Samples 
Demodulator Output , 
Low Pass Filter Output 
One Baud Energy 
AGO Gain Word — MSB's 
AGO Gain Word — LSB's 


40 
42 
54 
04 
01 
01 


Real 

Cornplex 

Complex 

Imaginary 

Real 

Imaginary 


1 


Equalizer Input 

Equalizer Tap Coefficients 

Unrotated Equalizer Output 

Rotated Equalizer Output 

(Received Point-Eye Pattern) 

Decision Points (Ideal) 

Error Vector 

Rotation Angle 

Frequency Correction — MSB's 

Frequency Correction — LSB's 

Group H Base Band Signal 

Group II Threshold 

EQM 


40 

01-20 

22 

22 

62 
63 
00 
28 
28 
4B 
2A 
2B 


Complex 
Complex 
Complex 
Complex 

Complex 

Complex 

Imaginary 

Real 

Imaginary 

Real 

Imaginary 

Real 





RAM Access Codes (Write) 










Data 


Bank 


Function 


Access 


Type 


1 


Gil Black/White Threshold 


2A 


Imaginary 




F1 A10 


2B 


Imaginary 




F1 B11 


2C 


Imaginary 




F1 B12 


2D 


Imaginary 




F1 AOO 


2E 


Imaginary 




F1 B01 


2F 


Imaginary 




F1 B02 


30 


Imaginary 




F2 A10 


31 


Imaginary 




F2 B11 


32 


Imaginary 




F2 B12 


33 


Imaginary 




F2 AOO 


34 


Imaginary 




F2 B01 


35 


Imaginary 




F2B02 


36 


Imaginary 




F3 A10 


37 


Imaginary 




F3 B11 


38 


Imaginary 




F3 B12 


39 


Imaginary 




F3A00 


3A 


Imaginary 




F3 B01 


3B 


Imaginary 




F3 B02 


3C 


Imaginary 




F1 A20 


B7 


Real 




F1 B21 


B8 


Real 




F2 A20 


Bg 


Real 




F2 B21 


BA 


Real 




F3 A20 


BB 


Real 




F3 B21 


BC 


Real 



RAM ACCESS CODES (WRITE) 

The RAM access codes defined in the following table allow the 
host processor to write parameter information into the R96FAX. 



POWER-ON INITIALIZATION 

When power is applied to the R96FAX, a period of 1 00 to 300 ms 
is required for Initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 

At POR time the modem defaults to the following configuration: 
\/.29/9600 bps, T/2 equalizer, serial mode, training enabled, echo 
protector disable tone, no extended squelch, higher receive 
threshold, interrupts disabled, no link equalizer, RAM access 
codes 00. 

POR can also be used to initialize the users's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 

PERFORMANCE 

Whether functioning as a V.27 ter or V.29 type modem, the 
R96FAX provides the user with unexcelled high performance. 

Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem Is specified for a test configuration conforming to that 
specified in CCITT Recommendation V.56, except with regard 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at a received line signal 
level of -40 dBm as illustrated. 

Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15** peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30° peak-to- 
peak phase jitter at 120 Hz (scrambler inserted). 

At 4800 bps (V.27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the presence 
of 15° peak-to-peak phase jitter at 60 Hz. 
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At 9600 bps, the modem exhibits a bit error rate of 10-6 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peal<- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60** peak-to-peal< phase jitter at 30 Hz. 



4800 BPS V.27 TER 
2400 BPS V.27 TER \ 7200 BPS V.29 

300 BPS \48OO BPS V.29 \ / 9600 BPS V.29 




4 6 8 10 12 14 16 18 
SIGNAL TO NOISE RATIO (dB) 



INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFAGE CIRCUITS 

Digital input Cliaracteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


O.OVto +0.8Vat -0.01 mA 
+ 2.0V to + 5.0V at +0.1 mA 


Notes 

1 . The digital inputs are directly TTL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 

2. Positive current is defined as current into the node. 



Digital Output Characteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


O.OVto + 0.4V at + 1.6 mA 
+ 2.4V to +5.0Vat-40/iA 


Notes 

1 . The digital outputs are directly CMOS and TTL compatible. 

2. Positive current is defined as current into the node. 



Typical Bit Error Rate Performance 



ANALOG INTERFACE CIRCUITS 

Transmitter Output — The transmitter output is a low 
impedance operational amplifier output. To match to 6000, an 
external series resistor Is required. 

Receiver Input — The receiver Input impedance is 63.4K 
ohm ±50/0. 





































NOISE 

SOURCE 

GR1381 

50 KHZ BW 




ATTENUATOR 
HP 350D 






LEVEL 

METER 

HP3552A 












































MODEM 
TRANS- 
MITTER 




LINE 
SIMULATOR 




IMPAIRMENT 

SOURCE 
BRADLEY 2A 




ATTENUATOR 
HP 350D 




>; 






MODEM 
RECEIVER 














































ENGINEERING 

MODEM 

CONSOLE 


NOTE 
Signal and noise are measured with 3 KHz flat weighting. 


ENGINEERING 

MODEM 

CONSOLE 




































BER Performance Test Set-up 
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Auxiliary Anaiog Input — The auxiliary analog input (AUXIN) 
allows access to the transmitter for the purpose of interfacing 
with user provided equipment. Because this is a sampled data 
input signals above 4800 Hz will cause afrasing errors. The input 
impedance is IK ohm and the gain to transmitter output is OdB. 




2.559 



2.300 



-3.937- 
-3.675- 



4.770>4-t— 2.76- 

Ur-i — T- 



•^lO a X^ li-^' 



.156 DIA HOLE 
4 PLCS 



.407 



40 PIN RIGHT 
ANGLE HEADER 



IHeader Pin Assignment 



Printed Circuit Board Dimensions 



R96FAX SPECIFICATIONS 





Power 






Voltage 


Tolerance 


Current (Typical) 


Current (Max) 


+ 6 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±5% 


300 mA 

5 mA 

30 mA 


<500 

<10 

<50 


Note: All voltages must have ripple ^0.1 volts peal<-to-peal<. 



Environmental 



Parameter 


Specification 


Temperature 

Operating 

Storage 
Relative Humidity 


0°Cto +60°C(32to 140°F) 

-40*'C to +9G**C (-40 to 176°F) (Stored in heat sealed antistatic bag and shipping container) 

Up to 90% noncondensing, or a wet bulb temperature up to 35<>C, whichever Is less. 



IMechanical 



Parameter 


Specification 


Board Structure 
Dimensions 

Weight 


Single PC board with single right angle header with 40 pins 

3VH50/IJNP5 or equivalent mating connector. 

Width— 2.56 in. (65 mm) 

Length— 3.94 in. (100 mm) 

Height— 0.40 in. (1.02 cm) 

Less than 0.16 lbs. (0.07 kg) 
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PRELIMINARY 



INTRODUCTION 

The Rockwell R96DP is a synchronous serial 9600 bps modem 
designed for full-duplex operation over either four-wire dedicated 
unconditioned lines or half-duplex operation oyer the general 
switched telephone network. 

The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 bis/ter. 

The small size and low power consumption of the modem offer 
the user flexibility in creating a 9600 bps modem design 
customized for specific packaging and functional requirements. 

The modem is capable of operating at 9600, 7200, 4800, and 
2400 bps. 



FEATURES 

• User Compatibility: 

— CCITT V.29, and V.27 bis/ter 

• Full-Duplex (4-Wire) 

• Half-Duplex 

• Programmable Tone Generation 

• Dynamic Range -43 dBm to dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link (Selectable) 

• DTE Interface: 

— Microprocessor Bus 

— CCITT V.24 (RS-232-C Compatible) 

• Loopbacks (V.54 Loop 2, 3 and 4) 

— Local Analog 

— Remote Analog (Locally Activated) 

— Remote Digital (Locally Activated) 

• Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 

• Low Power Consumption (3 watts, typical) 

• Program niable Transmit Output Level 

• TTL and CMOS Compatible 
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TECHNICAL SPECIFICATIONS 

The following are the technical specifications for the R96DP 
modem. 

TRANSMITTER CARRIER FREQUENCIES 

The transmitter carrier frequencies are given in the following 
table: 

Transmitter Carrier Frequencies 



Frequency Type 


Specification 
(H2 ±0.5 Hz) 


V.27 bis/ter Carrier 
V.29 Carrier 


1800 
1700 



TONE GENERATION 

Under control of the host processor, the R96DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 



Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese S-link. 

Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit. The equalizer can 
be configured as either a T or a T/2 equalizer. 

TRANSMITTED DATA SPECTRUM 

If the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 

1. 7200 Baud. Square root of 90 percent 

2. 1600 Baud. Square root of 50 percent 

3. 2400 Baud. Square root of 20 percent 

The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements of foreign telephone regulatory bodies. 



SIGNALING AND DATA RATES 

The signaling and data rates for the R96DP are defined in the 
table below: 



Signaling/Data Rates 



Parameter 


Specification 
(± 0.01%) 


Signaling Rate: 
Data Rate: 


2400 Baud 
9600 bps, 
7200 bps, 
4800 bps 


Signaling Rate: 
Data Rate: 


1600 Baud 
4800 bps 


Signaling Rate: 
Data Rate: 


1200 Baud 
2400 bps 



DATA ENCODING 

At 2400 baud, the data stream is encoded per CCITT V.29. At 
9600 bps, the data stream is divided in groups of four-bits (quad- 
bits) forming a 16-point structure. At 7200 bps, the data stream 
Is divided into three bits (tribits) forming an 8-point structure. 
At 4800 bps, the data stream is divided into two bits (dibits) 
forming a 4-point structure. 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bis/ter. 



SCRAMBLER/DESCRAMBLER 

The R96DP incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with either V.27 bis/ter 
or V.29 depending on the selected configuration. 

RECEIVED SIGNAL 
FREQUENCY TOLERANCE 

The receiver circuit of the R96DP can adapt to received 
frequency error of up to ± 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. 

RECEIVE LEVEL 

The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to -43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 

RECEIVE TIMING 

The R96DP provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 
transitions of this output coincide with the centers of received 
data bits. The timing recovery circuit is capable of tracking a 
±0.01% frequency error in the associated transmit timing 
source. 



At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. 

EQUALIZERS 

The R96DP provides equalization functions that improve per- 
formance when operating over low quality lines. 

Cable Equalizers — Selectable compromise cable equalizers 
in the receiver and transmitter are provided to optimize perform- 
ance over different lengths of non-loaded cable of 0.4 mm 
diameter. 



TRANSMIT LEVEL 

The transmitter output level is accurate to ± 1 .0 dB and is pro- 
grammable from - 1.0 dBm to - 15.0 dBm in 2 dB steps. 

TRANSMIT TIMING 

The R96DP provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, or 
2400 Hz (±0.01%). 

2. Duty Cycle. 50% ±1% 
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Input data presented on TXD is sampled by the R96DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDGLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 

EXTERNAL TRANSMIT CLOCK 

The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
data rate to +0.01% with a duty cycle of 50% ±20%. 

TURN-ON SEQUENCE 

A total of 14 selectable turn-on sequences can be generated 
as defined in the following table: 



The time between the on-tb-off transition of RTS and the oh-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 

RECEIVED LINE SIGNAL DETECTOR (RLSD) 

For either V.27 bis/ter or V.29, RLSD turns on at the end of the 
training sequence, if training is not detected at the receiver, the 
RLSD off-to-on response time is 15 ±10 ms. The RLSD 
on-to-off response time for V.27 is 10 ±5 ms and for V.29 is 
30 ± 9 ms. Response times are measured with a signal at least 
3 dB above the actual RLSD on threshold or at least 5 dB below 
the actual RLSD off threshold- 

The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 



Turn-On Sequences 









CTS 










Response Time 




No. 


V.29 


V.27 bis/ter 


(milliseconds) 


Comments 


1 


9600 bps 




253 




2 


7200 bps 




253 




3 


4800 bps 




253 




4 




4800 bps long 


708 




5 




2400 bps long 


943 




6 




4800 bps sliort 


50 




7 




2400 bps short 


67 




8 


9600 bps 




458 


Preceded by 


9 


7200 bps 




458 


Echo Suppressor 


10 


4800 bps 




458 


Disable Tone 


11 




4800 bps long 


913 


for lines using 


12 




2400 bps long 


1148 


echo suppressors* 


13 




4800 bps short 


255 




14 




2400 bps short 


.272 




*For short eeho protect ton 


e, subtract 155 rr 


s from values of 


CTS response time. 







TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled l's followed by a 20 ms period of no 
transmitted energy. 

CLAMPING 

Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 

RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 

The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed In the Turn-On Sequences table. 
If training is not enabled RtS/CTS delay is less than 1 ms. 



Four threshold options are provided: 

1 . Greater than - 43 dSm (RLSD on) 
Less than -48 dBm (RLSD off) 

2. Greater than -33 dBm (RLSD on) 
Less than - 38 dBm (RLSD off) 

3. Greater than - 26 dBm (RLSD on) 
Less than - 31 dBm (RLSD off) 

4. Greater than - 16 dBm (RLSD on) 
Less than -21 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels arid 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 

MODES OF OPERATION 

The R96DP is capable of being operated in either a serial or 
a parallel mode of operation. 



SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 



PARALLEL MODE 

The R96DP has the capability of transferring channel data up 
to eight bits at a time via the microprocessor bus. 



MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
serial mode at power-on. In either mode the R96DP is cohfigured 
by the host processor via the microprocessor bus. 



m 
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MODEM 
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SCOPE 



EYEX 
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GND 
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R96DP Functional Interconnect Diagram 



INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 48-byte interface memory. 



HARDWARE SUPERVISORY CIRCUITS 

Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
the R96DP Hardware Supervisory Circuits table. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 



R96DP Hardware Supervisory Circuits 



R96DP Hardware Supervisory Circuits (Cont.) 



Name |l/0| Pin No. | Description 


A. OVERHEAD: 


AGND 




31C,32C 


Analog Ground 


DGND 




3C,8C,5A,10A 


Digital Ground 


+ 5 volts 




19C,23C,26C.30C 


+ 5 volt supply 


+ 12 volts 




15A 


+ 12 volt supply 


-12 volts 




12A 


-12 volt supply 


FOR 


I/O 


13C 


Power-on-reset 



Name 


I/O 


Pin No. 1 Description 


B. MICROPROCESSOR INTERFACE: 


D7 


I/O 


1C V 




D6 


I/O 


1A 






D5 


I/O 


2C 






D4 
D3 


I/O 
I/O 


2 A 
3A 


' 


Data Bus (8 Bits) 


D2 


I/O 


4C 






D1 


I/O 


4A 






DO 


I/O 


5C J 






RS3 




6C ] 




RS2 
RSI 




6A 
7C 


Register Select (4 Bits) 


RSO 




7A ) 




CSC 
CSI 
CS2 
READ 




IOC 
9C 
9A 
12C 


Chip Select for Bank 
Chip Select for Bank 1 
Chip Select for Bank 2 
Read Enable 


WRITE 




11A 


Write Enable 


IRQ 





11C , 


Interrupt Request 


C. V.24 INTERFACE: | 


RDCLK 





21A 


Receive Data Clock 


TDCLK 





23A 


Transmit Data Clock 


XTCLK 


1 


22A 


External Transmit Clock 


RTS 
CTS 


1 




25A 
25C 


Request-to-Send 
Clear-to-Send 


TXD 


1 


24C 


Transmitter Data 


RXD- 





22C 


Receiver Data 


RLSD 


o 


24A 


Received Line Signal Detector 
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R96DP Hardware Supervisory Circuits (Cont.) 



Name | I/O | Pin No. 


Description 


D. ANCILLARY CIRCUITS: 


RBCLK 
TBCLK 


O 



26A 
27G 


Receiver Baud Clock 
Transmitter Baud Clock 


E. ANALOG SIGNALS: 


TXA 
RXA 
AUXIN 




1 
1 


31A 
32A 
30A 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 



TCS---H 



CSI \ 

:• = 0,1) \- 



WRITE 



TCS-^ 



WRITE 



READ 



Dl 
(I = 0-7)- 



r^ 



k-TCH TCS-* 



-^TCH TCS-^ 






J 



-•-TWR 



-tt — Gh 



-TDH -* 



f 



-TCH 



h*-TCH 



Microprocessor Interface Timing Diagram 



Critical Timing Requirements 






Characteristic 


Sytnbol 


MIn 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 


_ 


nsec 


Data access time after Read 


TDA 


■'■ — 


140 


nsec 


Data hold time after Read 


TDH 


10 


50 


nsec 


CSi, RSi hold time after 
Read or Write 


.:•.'' TCH:,-' 


10 


_ . ■ 


nsec 


Write data setup time 


TWOS 


75 


■:—\ ' . 


nsec 


Write data hold time 


TWDH 


10 


—■■. ■ 


nsec 


Write strobe pulse width 


TWR 


75 


— 


nsec 



INTERFACE lyiEiMORY 

The R96DP has three banks of 16 input/output (I/O) registers 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor's memory space. These I/O 



registers are collectively referred to as interface memory. See 
R96DP Interface Memory table. Access to the three banks of 
registers (ban k 0, bank 1 and ban k 2) is enabled by the Chip 
Select signals CSO, CSI and CS2 respectively. Four Register 
Select signals (RSO, RSi , RS2, and RS3 are provided to address 
an individual register within an enabled bank. Registers in bank 1 
operate at the sample rate of 9600 samples per second. 
Registers in banks and 2 operate at the selected baud rate. 



R96DP Interface Memory 



Bank 


(HEX) 
Reg No. 


Description 




















F 
E 
D 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 



Do Not Use 

Transmitter Handshake 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

DO Not Use 

Do Not Use 

Transmitter Option 

Transmitter Configuration 

Equalizer 

Loop/Level 

FREQM 

FREQL 

Do Not Use 

Transmitter Data 




F 

E 
D 
C 
B 
A 
9 
8 
7 
6 
•■■■■, 5 ■'■'■ 

3 
2 
1 



Do Not Use 

Receiver Sample Handshake 
Do Not Use 
Do Not Use 
Receiver Baud Status 
Do Not Use 

Receiver Sample Status 2 
Receiver Sample Status 1 
Receiver Option 
Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 
Diagnostic Data XSM 
Diagnostic Data XSL 
Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


F 
E 
D 
C 
B 
A 

8 
7 
6 

5 

4 
3 
2 
1 



Do Not Use 

Receiver Baud Handshake 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Diagnostic Control XB 

Diagnostic Control YB 

Diagnostic Data XBM 

Diagnostic Data XBL 

Diagnostic Data YBM 

Diagnostic Data YBL 
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When information in these I/O registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y(0-2), the register 
by Z(O-F), and the bit by Q(0-7, =* LSB). A bit is considered to 
be "on" when set to a 1. 



Definition of Transmitter Configurations: 

1. V.29. When any of the V.29 configurations have been 
selected, the modem operates as specified in CCITT recom- 
mendation V.29. 



SOFTWARE SUPERVISORY CIRCUITS 

The operation of the R96DP Is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Bits 
designated by an X are "Don't Care" inputs that can be set to 
either 1 or 0. Modem operation is monitored by various software 
flags that are read from modem registers using the same 
microprocessor bus. Bits designated by an X are "undefined" 
outputs that may be either 1 or 0. The functions of all modem 
I/O registers are listed in the R96DP Interface Memory table and 
are defined as follows: 



TRANSMITTER CONFIGURATION REGISTER 

The host processor configures the R96DP transmitter by writing 
a control byte into the transmitter configuration register (0:6) in 
Its interface memory space as shown in the following table: 



Transmitter Configuration Register (0:6) 



Bit 7 


Bit 6 


-^:.:iit,5":".- 


Bit 4 


Bit 3 


Bit 2 


Biti 


BitO 


TNXMT 





TLTS 


f V29 


X 


TDR3 


TDR2 


TDR1 



Definition of Transmitter Configuration Terms: 

TNXMT. Tone Transmit 

TLTS. Transmitter Long Training Sequence 

TV29. Transmitter y.29 Configuration 

TDR3. Transmitter Data Rate 3 (Selects 9600 bpsA/.29) 

TDR2. Transmitter Data Rate 2 (Selects 7200 bps/V.29, 

and Selects 4800 bpsA/.27) 
TDR1. Transmitter Data Rate 1 (Selects 4800 bps/V.29, 

and Selects 2400 bps/V.27) 

Control bytes for the three configurations are given in hex- 
adecimal format in the following table: 



Configuration Control Bytes 



No. 


Configuration 


Configuration Bytes (HEX) 


1 


V.29 9600 
V.29 7200 
V.29 4800 


, 14 ■■ 
12 


2 


V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Short 
V.27 2400 Short 


22 
21 
02 

01 : 


3 


Tone Transmit 


80 ^ 



2. V.27. When any of the V.27 configurations have been 
selected, the modem operates as specified in CCITT recom- 
mendation V.27. 

3. Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz ±0.01%. 

TRANSIVIITTER OPTION 

The host processor conveys option information to the transmit- 
ter by writing a control byte into the Option Register (0:7) in its 
interface memory space as shown in the table below: 





Transmitter Option Register (0:7) 




Bit? 


Bite 


■:#•*; &:::. 


Bit 4 


Bit 3 


Bit 2 


Biti 


BitO 


RTS, 


TTDIS 


SPIS. 


MHLD 


EQIS 


TPDM 


XdEN 


SEDT 



Definition of Transmitter Option Terms: 

RTS: Request-to-Send 

TTDIS: Transmitter Training Disable 

SDIS: Scrambler Disable 

MHLD: Mark Hold 

EDIS: Echo Protector Disable 

TPDM: Transmitter Parallel Data Mode 

XCEN: External Clock Enable 

SEDT: Short Echo Protection Disable Tone 

Definition of Transmitter Options: 

1 . Request-to-Send. The 'R96DP begins a transmit sequence 
when the RTS bit (0:7:7) Is turned on and continues transmit- 
ting until RTS is turned off and the turn-off sequence has been 
completed. This Input bit parallels the operation of the hard- 
ware RTS control input. 

2. Transmitter Training Disable. When the TTDIS bit (0:7:6) is 
on, the transmitter does not generate a training sequence 
at the start of transmission. 

3. Scrambler Disable. When the SDIS bit (0:7:5) is on, the 
transmitter scrambler circuit is removed from the data path. 

4. Mark Hold. When the MHLD bit (0:7:4) Is on, the transmit- 
ter input data stream is forced to all marks (1's). 

5. Echo Protector Disable. When the EDIS bit (0:7:3) is on, an 
unmodulated carrier Is transmitted for 185 ms (optionally 
30 ms) followed by 20 ms of no transmitted energy at the start 
of transmission. Note that this option is available in both V.27 
and V.29 configurations although it is not specified in the 
CCITT V.29 recommendation. 
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a Transmitter Parallel Data Mode. When the TPDM bit (0:7:2) 
is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 

7. External Clock Enable. When the XCEN bit (0:7:1) is on, the 
transmitter timing is established by the external clock sup- 
plied at the hardware input XTCLK (pin 22A). 

8. Short Echo Protector Disable Tone. When the SEDT bit (0:7:0) 
is on, the echo protector disable tone is 30 ms long rather 
than 185 ms. 

EQUALIZER 

The host processor conveys equalizer selection information to 
the modem by writing a control byte into the equalizer register 
(0:5) in the interface memory space as shown in the following: 



Link Delay Equalizer Selection 







Equalizer Register (0:5) 






Bit 7 


Bit 6 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


^ 


X 


CABS2 


CABS1 


LAEN 


LDEN 


A3L 


D3L 



Definition of Equalizer Terms: 

CABS1,2: Cable Equalizer (Selects bits 1 or 2) 

LAEN: Link Amplitude Equalizer Enable 

LDEN: Link Delay Equalizer Enable 

A3L: Amplitude 3-Link Select 

D3L: Delay 3-Link Select 

Definition of Equalizer Parameters: 

1 . Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 
in both the transmit and receive paths. The following table 
gives the possible bit combinations. 



Cable (0.4 mm diameter) Equalizer Selection 



CABS2 


CABS1 


Cable Length 





1 



1 


1 


0.0 
1.8 km 
3.6 km 
7.2 km 



LDEN 


D3L 


Curve Matched 




1 

1 


X 


1 


No Equalizer 
U.S! Survey Long 
Japanese 3-Llnk 



LOOP/LEVEL 

The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control byte Into the 
loop/level register (0:4) in the interface memory space as shown 
in the following table: 







Loop/Level Register (0:4) 






Bit 7 


Bit 6 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


Bit 


L3ACT 


L4ACT 


L4HG 


TL3 


TL2 


TL1 


L2ACT 


X 



Definition of Loop/Level Terms: 

L3ACT: Local Analog Loopback (CCITT loop 3) Activate 

L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 

L4HG: Loop 4 High Gain 

TL3-TL1: Transmitter Level (Selects bits 3, 2, and 1) 

L2ACT: Remote Digital Loopback (CCITT loop 2) Activate 

Definition of Loop/Level Control: 

1 . Local Analog Loopback Activate. When the L3ACT bit (0:4:7) 
is on, the transmitter analog output is coupled to the receiver 
analog input through an attenuator in accordance with CCITT 
recommendation V.54 loop 3. 

2. Remote Analog Loopback Activate. When the L4ACT bit 
(0:4:6y is on, the receiver analog input Is connected to the 
transmitter analog output through a variable gain amplifier. 

3. Loop 4 High Gain. When the L4HG bit (0:4:5) is on, the loop 
4 variable gain amplifier is set for +16 dB. When L4HG is 
off, the gain Is dB. 

4. Remote Digital Loopback Activate. When the L2ACT bit 
(0:4:1) is on, the receiver digital output Is connected to the 
transmitter digital input in accordance with CCITT recommen- 
dation V.54 loop 2. 

5. Transmitter Level Select 3, 2 and 1. Transmitter analog out- 
put level is determined by bits TL3, tL2, and TL1 as shown 
in the following table: 



Link Equalizer. The link equalizer enable and select bits 
control separate amplitude and delay compromise equalizers 
in the receive path. The following tables give the possible bit 
combinations. 



Linl( Amplitude Equalizer Selection 



LAEN 


A3L 


Curve Matched 



1 
1 


X 

1 


No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



Transmitter Level Selection 



TL3 


TL2 


TL1 


Transmitter Analog Output 











- 0.5 dBm ±0.5 dB* 








1 


- 2.5 dBm ±0.5 dB 





1 





- 4.5 dBm ±0.5 dB 





1 


''f ■"■ ■' 


- 6.5 dBm ±0.5 dB 


1 








- 8.5 dBm ±0.5 dB 


1 





1 


-10.5 dBm ±0.5 dB 


1 


■1" :■ 





-12.5 dBm ±0.5 dB 


1 


.•;::1, 


t ■■ 


-14.5 dBm ±0.5 dB 


•Each St 


ep Is a 2 dB change : 


t0.2dB 
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TRANSMITTER DATA 

The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) in the interface memory space. The data must be 
divided on integral baud boundries as shown in the following 
table: 





Transmitter Data Register (0:0) 




Configuration 


Bit 7 Bit 6 Bit 5 


Bit 4 

DII4 


Bit 3 1 Bit 2 


Bit 1 I Bit 


V.29 9600 bps 


Baud 1 


BaudO 


V.29 7200 bps 


X 


Baud 1 


'' .■'■■■'■^■' ''.'■■' 


BaudO 


V.29 4800 bps 


Baud 3 


Baud 2 


Baud 1 


BaudO 


V.27 4800 bps 


•-X ,-; 


Baud 1 


BaudO 


V.27 2400 bps 


Bauds 


Baud 2 


Baud 1 


BaudO 


NOTE: Data Transmitted Bit First. 



FREQM/FREQL 

The host processor conveys tone generation data to the transmit- 
ter by writing a 16-bit data word to the FREQM/FREQL registers 
(0:3 and 0:2) in the interface memory space as shown in the 
following tables: 



Definition of Transmitter Handsiialce Terms: 

TIA: Transmitter Interrupt Active 
TSB: Transmitter Setup Bit 
TIE: Transmitter Interrupt Enable 
TBA: Transmitter Buffer Available 



Definition of Transmitter Handshalte Sequences: 

1 . Transmitter Buffer Available. The TBA bit goes off when the 
host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the TBA bit is on. 

2. Transmitter Interrupt Ena ble, When the host processor writes 
a 1 in the TIE bit, the IRQ line of the hardware Interface 
Is driven low when TBA is on. 

3. Transmitter Interrupt Active. Status bit TIA is on whenever 

the transmitter is driving IRQ low. 

4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1 in 
the TSB bit. Bit TSB goes to when the change becomes 
effective. 

RECEIVER CONFIGURATION 







FREQM Register 






Bit? 


Bit 6 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


215 


214 


213 


212 


211 


2}0 


29 


28 


FREQL Register 


Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


BItl 


BitO 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as 
follows: F = 0.146484N Hz ±0.01% 

Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are given in the following table: 



Commonly Generated Tones 




Frequency 


FREQIM 


FREQL 


462 Hz 


oc 




52 


1100 Hz 


ID 




55 


1650 Hz 


2C 




00 


1850 Hz 


31 




55 


2100 Hz 


38 




00 



The host processor configures the receiver by writing a control 
byte into the receiver configuration register (1 :6) in the interface 
memory space as shown in the following table: 





Receiver Configuration Register (1:6) 




Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


X 


X 


RLTS 


RV29 


X 


RDR3 


RDR2 


RDR1 



Definition of Receiver Configuration Terms: 

RLTS: Receiver Long Training Sequence 

RV29: Receiver V.29 Configuration 

RDR3: Receiver Data Rate 3 (Selects 9600 bps/V.29) 

RDR2: Receiver Data Rate 2 (Selects 7200 bpsA/.29 and 

Selects 4800 bpsA/.27) 
RDR1: Receiver Data Rate 1 (Selects 4800 bpsA/.29 and 

Selects 2400 bpsA/.27) 

Control words for the two receiver configurations are given in 
hexadecimal format in the following table: 



TRANSMITTER HANDSHAKE 

The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface memory space as shown 
In the following table: 





Transmitter Handsliake Register (0:E) 




Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


TIA 


X 


X 


X 


TSB 


TIE 


X 


TBA 



Receiver Configuration Control 



No. 


Configuration 


Configuration Word (HEX) 


1 


V.29 9600 
V.29 7200 
V.29 4800 


14 
12 
11 


2 


V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Short 
V.27 2400 Short 


22 
21 
02 
01 
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Definition of Receiver Configurations: 

. V.29. When any of the V.29 configurations has been 
selected, the transmitter operates as specified in CCITT 
recommendation V.29. 

2. V.27. When any of the V27 configurations has been selected, 
the transmitter operates as specified in CCITT recommen- 
dation V.27. 

RECEIVER OPTION 

The host processor conveys option information to the transmit- 
ter by writing a control byte into the option register (1 :7) in its 
interface memory space as shown in the following table: 



Receiver Option Register (1:7) 



Bit 7 



RTH2 



Bite 



RTH1 



Bits 



DDIS 



Bit 4 



RPDM 



Bits 



SWRT 



Bit 2 



BWRT 



Bit 1 



T2 



BitO 



RTDIS 



Definition of Receiver Option Terms: 

RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 

DDIS: Descrambler Disable 

RPDM: Receiver Parallel Data Mode 

SWRT: Sample Write 

BWRT: Baud Write 

T2: 112 Equalizer Select 

RTDIS: Receiver Training Disable 



Definition of Receiver Options: 

1. Receiver Energy Detector Threshold (Bits 2 and 1). The 
receiver energy detector threshold is set by bits RTH2 and 
RTH1 according to the following table: 



Receiver Energy Detect Thresholds 



RTH2 


RTHI 


RLSD On 


RLSD Off 





1 
1 




■■'i'1 

1 


> -43 dBm 

> -33 dBm 

> -26 dBm 

> -16 dBm 


< -48 dBm 

< -38 dBm 

< -31 dBm 

< -21 dBm 



2. Descrambler Disable. When the DDIS bit (1:7:5) is on^ the 
receiver descrambler circuit is removed from the data path. 

3. Receiver Parallel Data Mode. When the RPDM bit (1:7:4) is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data output. 

4. Sample Write. When the SWRT bit (1:7:3) is on, the 16-bit 
word in registers 1:1 and 1:0 is written in the RAM location 
specified by the contents of register 1:4. 

5. Baud Write. When the BWRT bit (1 :7:2) is on, the 16-bit word 
in locations 2:1 and 2:0 is written in the RAM location specified 
by the contents of register 2:4. 



6. 772 Equalizer Select. When the T2 bit (1 :7:1) is on, an adap- 
tive equalizer with two taps per baud Is used. When T2 is off 
the equalizer has one tap per baud. 

7 Receiver Training Disable. When the RTDIS bit (1 :7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 

RECEIVER SAMPLE HANDSHAKE 

The host processor performs a handshake sequence with the 
receiver sample rate device by controlling and testing bits in the 
receiver sample handshake register (1:E) in the interface memory 
space as shown in the following table: 



Receiver Sample Handshake Register (1:E) 



Bit 7 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Bit1 


BitO 


RSIA 


X 


X 


X 


RSSB 


RSIE 


X 


RSDA 



Definition of Receiver Sample Handshake Terms: 

RSIA: Receiver Sample Interrupt Active 

RSSB: Receiver Sample Setup Bit 

RSIE: Receiver Sample Interrupt Enable 

RSDA: Receiver Sample Data Available 

Definition of Receiver Sample Handshake Sequence: 

1. Receiver Sample Data Available. The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
from register 1:0. 

2. Receiver Sample Interrupt Ena ble. When the host processor 
writes a 1 in the RSIE bit, the IRQ line of the hardware inter- 
face is driven low when RSDA is on. 

3. Receiver Sample interrupt Active. Status bit RSIA is on 
whenever the Receiver Sample rate device is driving IRQ low. 

4. Receiver Setup Bit. When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit RSB goes to when 
the changes become effective. 

RECEIVER BAUD HANDSHAKE 

The host processor performs a handshake sequence with the 
receiver baud rate device by controlling and testing bits in the 
receiver baud handshake register (2:E) in the interface memory 
space as shown in the following table: 



Receiver Baud Handshake Register (2:E) 




Bit 7 


Bite 


Bit 5 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


RBIA 


X 


X 


X 


X 


RBIE 


..■^:''X. 


RBDA 
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Definition of Receiver B^ud Handshake Terms: 

RBIA: Receiver Baud Interrupt Active 
RBIE: Receiver Baud Interrupt Enable 
RBDA: Receiver Baud Data Available 



Definition of Receiver Baud Handshalce Sequence: 

1 . Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 

2. Receiver Baud Interrupt Enable. When the host processor 
writes a 1 in the RBIE bit, the IRQ line of the hardware inter- 
face is driven low when RBDA is on. 

3. Receiver Baud Interrupt Active. Status bit RBI A is on 
whenever the receiver baud rate device is driving IRQ low. 



RECEIVER SAMPLE STATUS 

The host processor has access to varidus status bits that reflect 
operation of the receiver sanrifDle rate device. These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interface memory space as shown In the 
following tables: 

Receiver Sample Status Register 1 (1:8) 



Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


X 


X 


X 


X 


X 


P2DET 


X 


X 


Receiver Sample Status Register 2 (1:9) 


Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


X 


FED 


X 


X 


X 


X 


X 


X 



Definition of Receiver Sample Status Terms: 

P2DET: Period Two Detector 
FED: Fast Energy Detector 



RECEIVER BAUD STATUS 

The host processor has access to status bits that reflect opera- 
tion of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (t;B) in 
the interface memory space as shown in the following table: 

Receiver Baud Status Register (1:B) 



Bit? 


Bit 6 


Bits 


Bit 4 


Bits 


Bit 2 


Btt1 


BitO 


X 


PNDET 


X 


X 


X 


X 


X 


CDET 



Definition of Receiver Baud Status Terms: 

PNDET: Period N Detector 
CDET: Carrier Detector 



Definition of Receiver Baud Status Conditions: 

1 . Period N Detector. When the PNDET bit (1 :B:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets to a 
1 at the end of the PN sequence. 

2. Carrier Detector. When the CDET bit (1 :B:0) is off, It indicates 
that passband energy Is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to a 1 at end of received signal, 

RECEIVER DATA 

The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the Interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 



DIAGNOSTIC CAPABILITIES 

The R96DP provides the user with access to much of the data 
stored In the modem's memories. This data Is a useful tool in 
performing certain diagnostic functions. 



HARDWARE DIAGNOSTIC CIRCUITS 

Signal names and descriptions of the hardware diagnostic 
circuits are given in the following table: 



Definition of Receiver Sample Status Conditions: 

1 . Period Two Detector. When the P2DET bit (1 :8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
to a 1 at the start of the receive data state. 

2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
cates that energy above the receiver threshold is present in 
the passband. 



Hardware Diagnostic Circuits 



Name 


I/O 


Pin No. 


Description 


EYEX 
EYEY 
EYECLK 
EYESYNC 








15C 
14A 
14C 
13A 


Eye Pattern Data — X Axis 
Eye Pattern Data — Y Axis 
Eye Pattern Clock 
Eye Pattern Synchronizing 
Signal 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 



SOFTWARE DIAGNOSTIC CIRCUITS 

Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
register. The diagnostic registers are related as shown in the 
following table: 



Software Diagnostic Registers 



RAfM Access Codes 



Device 


Control 
Register 


Write Bit 


Data Word 
(IMSB) 


Data Word 
(LSB) 


Sample 

Sample 

Baud 

Baud 


XS (1:5) 
YS (1:4) 
XB (2:5) 
YB (2:4) 


None 
SWRT (1:7:3) 

None 
BWRT (1:7:2) 


XSM (1:3) 
YSM (1:1) 
XBM (2:3) 
YBM (2:1) 


XSL (1:2) 
YSL (1:0)* 
XBL (2:2) 
YBL (2:0) 


*ln parallel mode, register 1:0 is used for receive data and 
not diagnostic data. 







Real 


Imag. 


Banic 


Function 


Access 


Access 


1 


Received Signal Samples 


CO 


— 




Demodulator Output 


C2 


42 




Low Pass Filter Output 


D4 


54 




One Baud Energy 


— 


04 




AGC Gain Word — MSB's 


81 


— 




AGC Gain Word - LSB's 


— 


01 


2 


Equalizer Input 


CO 


40 




Equalizer Tap Coefficients 


81 -AO 


01-20 




Unrotated Equalizer Output 


El 


61 




Rotated Equalizer Output 








(Received Points) 


A2 


22 




Decision Points (Ideal Data Points) 


E2 


62 




Error 


E3 


63 




Rotation Angle 


-, ..— ^ 


00 




Frequency Correction (MSB's) 


AA 


— 




Frequency Correction (LSB's) 


— , 


2A 




EQM 


2B 


— 



POWER-ON INITIALIZATION 

When power is applied to the R96DP, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time 
the modem defaults to the following configuration: V.29, 
9600 bps, T/2, long echo protect disable tone, serial data mode, 
internal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3 link curves selected, 
transmitter output level set to -0.5 dBm ±0.5 dB, interrupts 
disabled, and receiver threshold set to -43 dBm. 

POR can also be used to Initialize the users's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 



Data transfer is regulated by the appropriate data available bit. 
Reading always takes place at the designated rate, and data 
left in the data registers is oven^^ritten each cycle. When the 
associated write bit is set, a write cycle is performed each time 
the associated data available bit is off. 



The eight bits of registers 2:3 and 2:1 are continuously presented 
serially on hardware interface lines EYEX and EYEY 
respectively. 



RAM ACCESS CODES 

The following table lists access codes for frequently used RAM 
data: 



PERFORMANCE 

Whether functioning as a V.27 bis/ter or V.29 type modem, the 
R96DP provides the user with unexcelled high performance. 

Bit Error Rates — The Bit Error Rate (BER) performance of the 
modem is specified for a test configuration conforming to that 
specified in CCITT recommendation V.56, except with regard 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at a received Ifne signal 
level of -40 dBm as illustrated. 



Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-« or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15** peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30** peak-to-peak 
phase jitter at 120 Hz (scrambler inserted). 
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At 4800 bps (V.27 bis/ter), the rnodem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15*' peak-to-peak phase jitter at 60 Hz. 



4800 BPS 
V.27 
AND 



10' 



B 

CD 

QC 
O 
US 

m 



10 ■ 



2400 BPS 
V.27 ^ 


4800 BPS 
^V29 > 


'/ 


7200 BPS 9600 BPS 
V.29 / V29 








\ 




\ 


\ 


/ 


/ 


/ 




:.■':;:• 






\ 


[ 


































\ 




—J 







10 12 14 16 18 20 22 24 26 28 30 
SIGNAL-TO-NOISE RATIO dB 



At 9600 bps, the modem exhibits a bit error rate of lO-e or less 
with a signal-to-noise ratio of 23 dB in the presence of 10° peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of lO-s or less with a signal-to-noise ratio of 23 dB in the 
presence of 60° peak-to-peak phase jitter at 30 Hz. 



INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 



Digital Input Characteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


O.OVto +0.8Vat -2.5/iA 
+ 2.0V to + 5.0V at +2.5^A 


Notes 

1. The digital inputs are directly TIL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 

2. Positive current is defined as current into the node. 



Digital Output Characteristics 


Output Logic State 


Output Voltage Level 


Low 
High 


+ 0.4V at +1.6 mA 
+ 2.4V at -100>A 


Notes 

1 . The digital outputs are directly TTL/CMOS compatible. 
Capacitive drive capability is 25 pF. 

2. Positive current is defined as current into the node. 



Typical Bit Error Rate Performance 





































NOISE 

SOURCE 

GR1381 

50 KHZ BW 




ATTENUATOR 
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LEVEL 

METER 

HP3552A 
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IMPAIRMENT 
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>; 
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MODEM 
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NOTE 
Signal and noise are measured with 3 kHz flat weighting. 


ENGINEERING 
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BER Performance Test Set-up 
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ANALOG INTERFACE CIRCUITS 

Transmitter Output Level — Ttie transmitter output level is 
adjustable in 2 dB steps from - 0.5 dBm to - 14.5 dSm accurate 
to ±0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 

Receiver Input — The receiver input impedance is 63.4K 
ohm ±5%. 

Auxiliary Transmitter Input — The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input impedance is 1 K ohm and the gain to transmit- 
ter output is OdB. 



R96DP SPECIFICATIONS 

Power Requirements 



Voltage 


Tolerance 


Current (IMax) 


+ 5Vdc 


±50/0 


<700 mA 


+ l2Vdc 


±5% 


<20 mA 


-l2Vclc 


±50/0 


<80mA 


Note: All voltages mus 


t have ripple <0.1 volts peak-to-peak. 


Environmental 


Parameter 


Specification 


Temperature: 




Operating- 


O«eto +60*>C (32to 140«>F) 


Storage— 


- 40*'C to + 90°C ( - 40 to 176*>F) 
Stored in heat sealed antistatic bag 
and shipping container 


Relative Humidity: 


Up to 90% noncondensing, or a wet 
bulb temperature up to 35*>C, 
whichever is less. 


Mechanical Information 


Parameter 


Specification 


Board Structure: 


Single PC board with single right 
angle header with 64 pins, DIN 41612 
or equivalent mating connector. 


Dimensions: 


Width-3.94 in. (100 mm) 




Length— 4.70 in. (120 mm) 




Height— 0.55 in. (1 .40 cm) 


Weight: 


Less than .22 lbs. (.08 kg) 
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R96FT 
9600 BPS FAST TRAIN MODEM 



PRELIMINARY 



INTRODUCTION 

The R96 Fast Train (FT) is a synclironous, serial 9600/7200/ 
4800/2400 bps modem suitable for operation over dedicated un- 
conditioned lines. It satisfies the telecommunications require- 
ments specified in CCITT Recommendations V.29 and V.27 

bis/ter. 

The R96FT is specifically optimized for use in a multipoint 
environment requiring a fast training sequence of less than 30 
msec at 9600 bps and less than 20 msec at 4800 bps. The op- 
tional secondary channel, small size (100mm by 160mm), and 
low power consumption (4 watts typical) offer the user flexi- 
bility in creating a 9600 bps modem customized for specific 
packaging and functional requirements. 

Data can be transferred to and from the modem either serially 
over the CCITT V.24 interface or in parallel over the micropro- 
cessor bus interface. 

The R96FT is a member of Rockwell's family of plug compat- 
ible 9600/4800 bps modems. 

Product availability is winter, 1984. 




FEATURES 

• Configurations 
—CCITT V.29, V.27 bis/ter 

• Fast Training Sequence <30 msec/9600 bps, <20 msec/ 
4800 bps 

• Ideal for Multipoint Applications 

• Plug Compatible with Rockwell R96DP, R48bP Modems 

• Secondary Channel (Optional) 110, 75 bps 

• Dynamic Range: -43 dBm to dBm 

• Equalization 
—Automatic Adaptive 

— Compromise Cable (Selectable) 
—■Compromise Link Amplitude (Selectable) 

• DTE Interface: Two Alternate Ports 
—Microprocessor Bus 

—CCITT V.24 (RS-232-C Compatible) 

• Diagnostics 

— Provides Telephone Line Quality Monitoring Statistics 

• Programmable Transmit Output Level 

• Loopbacks 

— Local Analog 

—Remote Analog (Locally Activated) 

— Remote Digital (Locally Activated) 

• Small Size— 100mm x 160mm (3.94" 

• Power Consumption— -5 Watts Typical 

• TTL and CMOS Compatible 



6.30") 



R96FT Modem 
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R96FT Functional Interconnect Diagram 



SPECIFICATIONS 

Power Requirements 

+5 Vdc± 5% <900 ma 
+12 Vdc±5% <30ma 
-12 Vclc±5% <130ma 



Temperature: Operating to 60°C 

Storage - 40 to 90°C 
Relative Humidity: Up to 90% noncondensing, or a wet bulb 
temperature up to SS^C, whichever is less. 



DD 
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INTRODUCTION 

The Rockwell V96P/1 is a versatile, high performance, 9600 bps 
modem on a single printed circuit board. Being CCITT V.29 and 
V.27 compatible, the V96P/1 (with minimal interface circuitry) 
can operate on dedicated 2-wire or 4-wire half-duplex or 4-wire 
full-duplex lines. The V96P/1 can also operate in half-duplex on 
the general switched network. 

Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches 
(16.0 cm), the V96P/1 is the smallest full-feature 9600 bps 
modem that approaches data communlcatton theoretical per- 
formance limits. 

The V96P/1 meets the tolerances specifieGl In the CCITT V.29, 
V.27 bis (alternate A), V.27 ter and HSK t.30 speclfic^ions. In 
addition, the V96P/1 can be configured to be functionally com- 
patible with those enhanced specifications available in the 
Rockwell V96P, M96P, and V29P modem series. 



FEATURES 

• Single printed circuit card 

• 9600/7200/4800/2400 bps modes 

• Full-duplex or half-duplex 

• Dedicated or general switched network lines operation 

• Ultimate user flexibility: 

—CCITT V.29, V.27 ter, V.27 bis compatible 
—Also 300 bps binary signalling per CCITT T.30 

• TTL compatibility 

• Automatic adaptive equalizer 

• Analog loopback test circuitry 

• to -45 dBm dynamic AGC 

• LSI signal processing 

• High reliability 

• Low power consumption: 
—Typically 3.5 watts 

• Automatic training sequence for receiver 




Document No. 29220N30 
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FUNCTIONAL SPECIFICATIONS 
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V96P/1 Functional Block Diagram 



Transmit Carrier and Signalling Frequencies 

Carrier Frequency Codex 

Compatible QAM: 
Carrier Frequency V.29: 
Carrier Frequency V.27: 
Echo Suppression Frequencies: 



Signalling Frequencies of T.30: 



1706.667 Hz ±0, 
1700 Hz + 0. 
1800 Hz±0, 
2100 Hz ± 0. 
2025 Hz ± 0. 
1850 Hz ±0, 
1650 Hz±0. 
1300 Hz± 0. 
1100 Hz± 0. 



,01% 
,01% 
,01% 
,01% 
,01% 
,01% 
01% 
01% 
,01% 



Received Signal Frequency Tolerance 

The receiver can receive frequency errors of up to ± 10 
Hz With less than a 0.2 dB degradation in Bit Error Rate 
performance. 

Data Signalling and Modulation Rate 

At 2400 baud: 
Signalling Rate^ 
Data Rate— 



At 1600 baud: 
Signalling Rate- 
Data Rate— 

At 1200 baud: 
Signalling Rate- 
Data Rate— 



2400 baud ±0.01% 
9600 bps ±0.01% 
7200 bps± 0.01% 
4800 bps± 0.01% 

1600 baud ± 0.01% 
4800 bps ±0.01% 

1200 baud ±0.01% 
2400 bps± 0.01% 



Transmitted Data Spectrum 

At 2400 and 1600 baud the transmitted spectrum is shaped 
by approximately a square root of 50 percent raised cosine 
filter function. At 1200 baud the spectrum is shaped by 
approximately a square root of 90 percent raised cosine filter 
function. 

The 2400 baud configurations require a line with typical 
3002-C2 or Ml 020 characteristics over the frequency range 
from 450 Hz to 2950 Hz. The 1600 and 1200 baud rate con- 
figurations require a usable bandwidth from 950 Hz to 2650 
Hz and 11 50 HZ to 2450 Hz respectively. 

Data Encoding 

At 2400 baud the data stream is divided into groups of four 
bits (quadbits), three bits (tribits), or two bits (dibits). The data 
rate of 9606 bps, 7200 bps, or 4800 bps is selected by a 16- 
polnt, 8-point, or 4-point data structure, respectively. For 
2400 baud operation, when V.29 configuration is selected, 
encoding of the quadbits, tribits, and dibits are per CCITT 
Recommendation V.29. 

At 1 600 baud the data stream is divided into groups of three 
bits (tribits). The data rate of 4800 bps may use either an 8- 
polnt QAM structure or 8-phase structure. Encoding of the 
tribits in the 8-phase structure are per CCITT Recommen- 
dation V.27 ter. 

At 1 200 baud the data stream is divided into groups of two 
bits (dibits). The data rate of 2400 bps uses a 4-phase data 



m 
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structure. Encoding of the dibits may be per the fallbaclc rate 
of CCITT Recommendation V.27 bis and ter (same as V.26A) 
or V26B depending on the selected configuration. 

Turn-on, Turn-off Sequences 

The V96P/1 turn-on sequences are compatible with CCITT 
Recommendations V.29, V.27 bis (alternate i), V.27 and 
Rockwell M96P modem specifications. 

The turn-off sequences for all V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
onds of remaining data followed by continuous scrambled 1 's 
followed by no transmission energy. The period of nd trans- 
mission energy is provided by turning off the transmitter key 
signal for a recommended duration of 20 milliseconds. 

The turn-off sequences for all non-V.27 modes consists of 
4 to 7 milliseconds of remaining data followed by a period of 
no transmission energy. 

Ready For Sending Response Times 

The Ready For Sending response time to a Request To Send 
is determined by the configuration selected and its corre- 
sponding training tinrie. In th^ following chart of cpnfigura^ 
tions, the Training Times are shown in milliseconds. Note, 
however, that the 1 600 baud manual CCITT configurations 
actually specify the synchronizing sequence timing per CCITT 
V.27 rather than the training time. Also note the following 
abbreviations. 



ITC (1 P-5P): Transmitter Configuration Inputs 1 through 
5. These five bits establish the octal code 
shown where PI and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 



Received Line Signal Detector (D1 09) 

The time response of the Received Line Signal detector cir- 
cuit (D109) is a function of the length of the received turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. D109 turns on for approximately 2 milliseconds 
after the echo protect tone disappears in the V27EP config- 
urations (Nos. 16, 18, 21, 23, 25, 29 and 32 in Table 1). 

For non-CCITT configurations (Nos. 7, 8 and 9 in the table 
on page 4), D109 momentarily goes on at the beginning of 
the synchronizing sequence. 

When no synchronizing signal is detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn-on threshold. If training is 
not enabled at the receiver, D109 turns on in 5 to 15 
milliseconds. 

Three threshold options are provided: 



1 ) Greater than -43 dBm: 
Less than -48 dBm: 

2) Greater than -26 dBm: 
Less than - 31 dBm: 

3) Greater than -16 dBm: 
Less than -21 dBm: 



D109ON 
D109OFF 

D109ON 
D109 OFF 

D109ON 
D109OFF 



The three threshold options are controlled by the condition 
of the THRESH 1 and THRESH2 control lines as indicated 
below. 



dB Level 

-43 dBm ON 
-26 dBm ON 
-16 dBm ON 



THRESH1 

Open Circuit 
Open Circuit 
to -0.5V 



THRESH2 

Open Circuit 
Q to -0.5V 
Open Circuit 



IRC (1 P-^5P): Receiver Configuration Inputs 1 through 5. 
These five bits establish the octal code 
shown where PI and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 



When the received signal drops 5 dB below the D109 turn 
off threshold, PI 09 will turn off in 5 to 15 milliseconds. The 
condition of D1 09 between the selected turn-on and turn-off 
thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 



IRSS (1 P-2P), Receiver Signal Structure and Transmitter 
ITSS (1 P-2P): Signal Structure. Where PI and P2 estab- 
lish an octal code of 0, 1, 2, or 3. They 
define the signal structures as follows: 

selects 1 6-point QAM 

1 selects 8-point QAM 

2 selects 4-point QAM 

3 selects DPSK as: 
8-phase at 1600 baud 
4-phase at 1200 baud 



Recommended circuits to control THRESH 1 and THRESH2 
input interface lines are shown in the diagrams on page 5 
(A, B and C). 

Bit Error Rates 

The V96P/1 is thoroughly tested to guarantee Bit Error Rate 
(PER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 

The results of these BER performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 
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Signal 
















Structure 












Transmitter 


Receiver 


IRSS(tP-2P) 


Data 


Training 


Carrier 






ITC(1P-5P) 


IRC(1P-5P) 


ITSS (1P-2P) 


Rate 


Time 


Frequency 


No. 


Configuration 


(Octal Code) 


(Octal Code) 


(Octal Code) 


(bps) 


(msec) 


(Hz) 


1. 


2400 Baud DIAL 


02 


00 


0,1,2 




320 


1706 2/3 


2. 


2400 Baud DIAL — T/2 


02 


01 


0,1,2 


9600 


320 


1706 2/3 


3. 


2400 Baud P-P 


00 


00 


0,1,2 


7200 


280 


1706 2/3 


4. 


2400 Baud P-P — T/2 


00 


01 


0,1,2 


4800 


280 


1706 2/3 


5. 


2400 Baud V29 


01 


02 


0,1,2 




233 


1700 


6. 


2400 Baud V29 — T/2 


01 


03 


0,1,2 




233 


1700 


7. 


1600 Baud DIAL, CCITT DIAL 


22 


22 


1,3 


4800 


181 


NOTE 


8. 


1600 Baud DIAL — T/2 


22 


36 


1,3 


4800 


181 


NOTE 


9. 


1600 Baud DIAL Slow 


36 


22 


1,3 


4800 


221 


NOTE 


10. 


1600 Baud P-P 


20 


20 


1,3 


4800 


141 


NOTE 


11. 


1600 Baud P-P — T/2 


20 


32 


1,3 


4800 


141 


NOTE 


12. 


1600 Baud Echo 


34 


34 


1,3 


4800 


480 


NOTE 


13. 


1600 Baud Manual CCITT 


32 


30 


3 


4800 


20(V.27Sync 
Sequence) 


1800 


14. 


1600 Baud Manual CCITT 


30 


30 


3 


4800 


50(V.27Sync 
Sequence) 


1800 


15. 


1600 Baud V27DIA17P-P 


23 


23 


3 


4800 


708 


1800 


16. 


1600 Baud V27 DlAlJP-P EP 


27 


23 


3 


4800 


923 


1800 


17. 


1600 Baud V27 DIAUP-P — T/2 


23 


33 


3 


4800 


708 


1800 


18. 


160O Baud V27 DIAL/P-P — T/2 EP 


27 


33 


3 


4800 


923 


1800 


19.. 


1600 Baud V27 Multipoint — T/2 


21 


27 


3 


4800 


50 


1800 


20. 


1600 Baud V27 Resync (use with 
configuration 15) 


21 


25 


3 


4800 


50 


1800 


21. 


1600 Baud V27 Resync EP (use 
with configuration 16) 


25 


25 


3 


4800 


265 


1800 


22. 


1600 Baud V27 Resync — T/2 (use 
with configuration 17) 


21 


35 


3 


4800 


50 


1800 


23. 


1600 Baud V27 Resync — T/2 EP 
(use with configuration 18) 


25 


35 


3 


4800 


265 


1800 


24. 


1600 Baud V27 Echo 


23 


37 


3 


4800 


708 


1800 


25. 


160O Baud V27 Echo EP 


27 


37 


3 


4800 


923 


1800 


26. 


1200 Baud DIAL 


14 


10 


3 


2400 


170 


1800 


27. 


1200 Baud P-P 


10 


10 


3 


2400 


117 


1800 


28. 


1200 Baud V27 DIAUP-P 


13 


11 


3 


2400 


943 


1800 


29. 


120O Baud V27 DIAUP-P EP 


17 


11 


3 


2400 


1158 


1800 


30. 


1200 Baud V27 Multipoint 


11 


15 


3 


2400 


66 


1800 


31. 


120G Baud V27 Resync (use with 
configuration 28) 


11 


13 


3 


2400 


66 


1800 


32. 


1200 Baud V27 Resync EP (use 
with configuration 29) 


15 


13 


3 


2400 


281 


1800 


NOTE: Carrier frequency is 1706 2/3 Hz w 


hen IRSS (1 P-2P) 


is a 1 (8-point). 










Carrier frequency is 1800 Hz wlien 


IRSS(1P-2P)isa 


3 (8-phase DPSK) 











Data Scrambler Selection 

The V96P/t makes available to the user one CCITT V.29 
compatible scrannbler, five different period 127 scramblers 
(and descramblers), and a no-scramble option. These 
scramblers provide data transmitted by the V96P/1 with the 
degree of randomness necessary to ensure the continued 
convergence of all adaptive processes at the receiver. The 
seven possible scrambler configurations that are user soft- 
ware selectable are: 

• Period 127 cryptographic 

• Period 127 synchronizing 

• CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendation V.29) 

• Period 8,388,607 self-synchronizing (compatible with 
CCITT Recommendation V.29) 

• Period 127 self-synchronizing with 8-bit protection 



• CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) 

• No scrambler 

All scramblers can be used with all modem configurations 
listed In the above table except for the cryptographic scram- 
bler which cannot be used in the CCITT V.29 configuration. 

MODES OF OPERATION 

The V96P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode 
the transmitted data, the V96P/1 must detect the presence 
of a line signal, adjust the AGO, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 



m 
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A. 




L. 



B. 




-AAA/ »- THRESH1 or 2 



i 




-»- THRESH1 or 2 



Suggested Interface Circuits for Controlling 
THRESH1 and THRESH2 Input Lines 



4800 BPS V27TER 
2400 BPS y27TER \ 7200 BPS V29 

300 BPS \ 48O0 BPS V29 \ / 9600 BpS V29 



\ 



m 


\\\\\ 





2 4 6 8 10 12 14 16 18 20 22 24 

SIGNAL TO NOISE RATIO 



Typical Bit Error Rate Performance 





NOISE 

SOURCE 

GR1381 

50 KHZ BW 




ATTENUATOR 
HP 350D 










LEVEL 
METER 












HP 3555B 




























MODEM 
TRANS- 
MITTER 




LINE 
SIMULATOR 




IMPAIRMENT 

SOURCE 
BRADLEY 2A 




ATTENUATOR 
HP 350D 




E 






MODEM 
RECEIVER 
























NOTE 














ENGINEERING 

MODEM 

CONSOLE 


THE V.56B CONFIGURATION INCLUDES A PERFECT0.3T0 3.4 KHz FILTER 
ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT IN THIS 
CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND 
6.85 dB IS ADDED TO THE MEASURED S/N RATIO. 


ENGINEERING 
MODEM 
CONSOLE 



BER Performance Test Set-up 
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connection is made. It is possible to set up the receiver 
without a training sequence, but it Is a manual mode requiring 
considerable user effort. In a training mode, an internal gen- 
erated pattern is transmitted to the receiver to facilitate syn- 
chronization. During the training mode, the data input line to 
the receiver is ignored and the output line does not reflect 
the state of the data input. 

In the data mode of operation, information on the data input 
is strobed by the transmitter signal element clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the passband signal and outputs the recovered data on the 
output where it is then ready to.be strobed by the receiver 
signal element clock. 

Request To Send— Ready For Sending 

To Initiate transmitter operation in the data or training mode, 
the Request to Send input Is brought high. If a training mode 
is not initiated, the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 

The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator is low. 

If the receiver enters the training mode, the receiver training 
mode indicator goes high until the training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, If sufficient signal energy is present 
on the input line, D109 goes high, enabling the data mode. 

Training Mode— Dial and Point-To-Point 

For dial and point-to-point configurations, the V96P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
to turn on and also makes a course adjustment of the carrier 
frequency variable, which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer, whteh is part of the V96P/1 structure. 

A short scrambler synchronization sequence follows Phase 
2 and is used to generate the success indicator. In order for 
training to be successful, the Incoming training sequence 
must have been generated by a similarly configured trans- 
mitter using a compatible training sequence. 

At the receiver, deteptibn of a training sequence requires that 
there be sufficient signal energy and that the receiver's car- 
rier frequency variable be within 30 Hz of nominal. 

Training Resync (V.27 bis/ter Turnaround) 

In a 2-wire half-duplex data communication system, data can 
be transmitted in only one direction at any given instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter, respectively. This turnaround operation requires 
constant resynchronizatlon to meet CCITT Recommenda- 
tions for V.27 bis/ter. 



The resync configurations are used for reacquiring synchro- 
nization in turnaround operation without having to go through 
the normal long training sequence. The resync training 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting carrier frequency and equalizer 
taps. 

Training Mode— Multipoint 

In the V96P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1 020 which permit 
short training sequences. In these configurations, the first 
train signal must be high to process the short training 
sequences; otherwise the receiver will Ignore the training 
sequence and enter directly into the data mode. The receiver 
will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 

For 4-wire circuits which are worse than M1020 and for 
2-wlre circuits, a long training sequence should be used 
rather than the multipoint configuration. These training 
sequences require that the receiver be in the proper dial/ 
po int-to-po int configuration . 

Training Mode— Manual 

The V96P/1 modem includes two manual configurations in 
which the remote modem need not transmit a special training 
sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. The tap coefficients may be 
Initialized by controlling three input terms— ICR, ICI and 
ICLCP— in synchronization with the Baud Rate Clock. 

In order to operate the modem in the manual configurations, 
both the transmitter and receiver must be set according to 
the code shown in Table 1 Modem Configuration. Manual 
configuration code octal 30 has a longer synchronizing 
sequence than configuration code octal 32, but both syn- 
chronizing sequences conform to the CCITT Reconrimen- 
dation V.27. However, neither sequence is of sufficient 
duration to aid in training the receiver. 



Receiver Operation During Loss of Line Signal 

When there is no line signal present, all receiver update 
relating to the equalizer, carrier frequency variable and baud 
timing are inhibited and the current values of the equalizer 
taps and the carrier frequency variable are retained. 



DATA QUALITY 

The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately ± 
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2 db. Eye quality is determined by calculating the difference 
between the received signal point after equalization and the 
transmitted or expected signal point. The receiver output 
DEQ2P is a filtered version of this error signal. It is a serial 
word clocked by the system bit clock (345.6 kHz or 230.4 
kHz, depending on baud rate). Output signal DQGTP is a 
gating signal which delineates the eight MSB's of DEQ2P. 
The use and interpretation of these binary signals are quite 
complex and are dependent on the application and the signal 
structure. The user can derive a meaningful interpretation of 
the EQM readings by monitoring them while testing the 
modem against his performance criteria. 

Visual Display of Eye Pattern 

A visual indication of the modem's performance can be 
obtained by displaying the received baseband signal struc- 
ture after equalization. This Is done by converting the eight 
MSB's of the real and Imaginary equalized signal points 
available on DRERP and DIERP to analog voltages which 
are then used to drive the horizontal and vertical sweeps of 
an oscilloscope. The resultant display will be a symmetrical 
dot pattern of 16 points, 8 points, or 4 points which is a time 
representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or othenvise show distor- 
tion. A typical visual eye pattern of a 4-point display is shown 
in the following diagram. 



ADDITIONAL CAPABILITIES 

The V96P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 

Local Loopback Capability 

A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter's output through a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB command squelches the input to 
the receiver and loops the analog signal from the transmitter 
to the receiver input. 

An internal pattern generator is also incorporated in the 
modem which can be used when no modem test set is 
available. 

Tone Generation And Detection 

The transmitter can be used to transmit single frequency 
tones for disabling echo suppressors or for system signaling. 
Tones that can be transmitted (selected through software 
control) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, 
and 2100 Hz. Other tones are also possible and the carrier 
frequency can be altered by selection of values for a binary 
bit stream. 




CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 



DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR 



Typical Eye Pattern 



Success Indicator 

A second data quality indicator is provided for in all config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This "suc- 
cess" output (DSUCP) will go high during the last one to 
twenty milliseconds of receiver training, provided training has 
been successful. During the data mode (DRTMP low and 
D109 high), DSUCP will go high whenever 15 consecutive 
data marks or spaces are decoded at the receiver data 
output. 



External Data Clock 

The data input to the transmitter can be clocked from an 
external source when the external clock is used as a refer- 
ence input to the data clock's phase locked loop. By applying 
an external clock the reference input will cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 
adhered to. 

300 bps FSK Modem Operation 

A CCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of the CCITT V.21 channel 2 modulation system 
can also be configured. The FSK modem is capable of gen- 
erating the 1100, 1300, 1650 and 1850 Hz tones. 
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SPECIFrCATIONS 



V96P/1 Specifications 



DC Voltages 


Voltage 


Tolerance 


Current (Typical) 


Current (Max) 


+ 5 volt 
+12 volt 
-12 volt 


±5% 
±5% 
±5% 


135 ma 

40 ma 

175 ma 


<200 ma 
< 70 ma 
<230 ma 


NOTE: All voltages must have ripple ^0.1 volts peak-to-peak. 


Environment 


Temperature: 
Relative Humidity: 


•* 


Operating: O'C to +60°C (32 to 140"F) 
Storage: -40°C to +80'C (-40 to 176T) 

(Stored in heat sealed antistatic bag and shipping container) 
Up to 90% noncondensing, or a wet bulb temperature up to 35°G, which- 
ever is less. 


Mechanical 


Board Structure: 
Mating Connector: 

Dimensions: 
Weight: 


Single PC board with edge connector 

100 pin, edge connector, two sided, with 0.1 in (2.54 cm) centers. Rec- 
ommended Viking 3VH50/IJND5 or equivalent mating connector. 
Width— 9.188 in (23.338 cm) Depth— 6.288 in (15.972 cm) 
Less than 0.45 lbs (0.20 kg) 
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PRELIMINARY 



INTRODUCTION 

The Rockwell R48DP is a synchronous serial 4800 bps modem 
designed for full-duplex operation over either four-wire dedicated 
unconditioned lines or half-duplex operation over the general 
switched telephone network. 

The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.27 bis/ter. 

The small size and low power consumption of the modem offer 
the user flexibility in creating a 4800 bps modem design 
customized for specific packaging and functional requirements. 

The modem is capable of operating at 4800 and 2400 bps. 



FEATURES 

• User Compatibility: 

— CCITT V.27 bis/ter 

• Full-Duplex (4-Wire) 

• Half-Duplex 

• Programmable Tone Generation 

• Dynamic Range -43 dBm to dBm 

• Diagnostic Capability 

• Equalization: 

— Automatic Adaptive 

-^ Compromise Cable (Selectable) 

— Compromise Link (Selectable) 

• DTE Interface: 

— Microprocessor Bus * 

— CCITT V.24 (RS-232-C Compatible) 

• Loopbacks (V.54 Loop 2, 3 and 4) 

— Local Analog 

— Remote Analog (Locally Activated) 

— Remote Digital (Locally Activated) 

• Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 

• Low Power Consumption (3 watts.typical) 

• Programmable Transmit Output Level 

• TTL and CMOS Compatible 




R48DP Modem 
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TECHNICAL SPECIFICATIONS 

The following are the technical specifications for the R48DP 
modem. 



Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit. The equalizer can 
be configured as either a T or a T/2 equalizer. 



TRANSI\MITTER CARRIER FREQUENCIES 

The transmitter carrier frequencies are given in the following 
table: 

Transmitter Carrier Frequencies 



Frequency Type 


Specification 
(Hz ±0.5 Hz) 


V.27 bis/ter Carrier 


1800 



TRANSMITTED DATA SPECTRUM 

If the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 

1. 7200 Ba£/d. Square root of 90 percent 

2. 1600 Baud Square root of 50 percent 

The out-pf-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typipaliy exceed 
the requirements of foreign telephone regulatory bodies. 



TONE GENERATION 

Under control of the host processor, the R48DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 



SCRAMBLER/DESCRAMBLER 

The R48DP incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with V.27 bis/ter. 



SIGNALING AND DATA RATES 

The signaling and data rates for the R48DP are defined in the 
table below: 

Signaiing/Data Rates 



Parameter 


Specification 
(± 0.01%) 


Signaling Rate: 
Data Rate: 


1600 Baud 
4800 bps 


Signaling Rate: 
Data Rate: 


1200 Baud 
2400 bps 



RECEIVED SIGNAL 
FREQUENCY TOLERANCE 

The receiver circuit of the R48DP can adapt to received 
frequency error of up to ± 1 Hz with less than 0.2 dB degrada- 
tion in BER performance. 



RECEIVE LEVEL 

The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from dBm 
to -43 dBm. The received line signal level is measured at the 
receiver analog input (RXA). 



DATA ENCODING 

At 1600 baud, the 4800 bps data stream is encoded into tribits 
per CCITT V.27 bis/ter. 

At 1200 baud, the 2400 bps data stream is encoded into dibits 
per CCITT V.27 bis/ter. 



EQUALIZERS 

The R48DP provides equalization functions that improve per- 
formance when operating over low quality lines. 

Cable Equalizers — Selectable compromise cable equalizers 
In the receiver and transmitter are provided to optimize perform- 
ance over different lengths of non-loaded cable of 0.4 mm 
diameter. 

Lini( Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are provided: U.S. 
survey long and Japanese 3-link. 



RECEIVE TIMING 

The R48DP provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 
transitions of this output coincide with the centers of received 
data bits. The timing recovery circuit is capable of tracking a 
±0.01% frequency error in the associated transmit timing 
source. 



TRANSMIT LEVEL 

The transmitter output level is accurate to ± 1 .0 dB and is pro- 
grammable from - 1.0 dBm to -15.0 dBm in 2 dB steps. 



TRANSMIT TIMING 

The R48DP provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1 . Frequency. Selected data rate of 4800 or 2400 Hz ( ± 0.01 %). 

2. Duty Cycle. 50% ± 1% 
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Input data presented on TXD is sampled by the R48DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after the rising 
edge of TDCLK. 

EXTERNAL TRANSMIT CLOCK 

The transmitter data clock (TDCLK) can be phase locked to a 
signal on input XTCLK. This input signal must equal the desired 
data rate to ±0.01% with a duty cycle of 50% ±20%. 

TURN-ON SEQUENCE 

A total of 8 selectable turn-on sequences can be generated as 
defined in the following table: 

Turn-On Sequences 



No. 


V.27bis/ter 


CIS 
Response Time 
(milliseconds) 


Comments 


1 
2 
3 

4 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 


708 

943 

50 

67 




5 
6 
7 
8 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 


913 

1148 

' 255 

272 


Preceded by 
Echo Suppressor 
Disable Tone 
for lines using 
echo supressors* 


*For short echo protect tone, subtract 155 ms from values of 
GTS response time. 



TURN-OFF SEQUENCE 

For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. 

CLAMPING 

Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 



RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 

The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed in the Turn-Qn Sequences table. 
If training is not enabled RTS/CTS delay is less than 1 ms. 

The time between the on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. 



RECEIVED LINE SIGNAL DETECTOR (RLSD) 

For V.27 bis/ter, RLSD turns on at the end of the training 
sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time is 15 ±10 ms. The RLSD on-to-off 
response time for V.27 is 10 ±5 ms. Response times are 
Ineasured with a signal at least 3 dB above the actual RLSD 
on threshold or at least 5 dB below the actual RLSD off threshold. 

The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 

Four threshold options are provided: 

1. Greater than -43 dBm (RLSD on) 
Less than -48 dBm (RLSD off) 

2. Greater than - 33 dBm (RLSD on) 
Less than - 38 dBm (RLSD off) 

3. Greater than -26 dBm (RLSD on) 
Less than -31 dBm (RLSD off) 

4. Greater than - 16 dBm (RLSD on) 
Less than -21 dBm (RLSD off) 

NOTE 

Performance may be at a reduced level when the received 
signal is less than -43 dBm. 

A minimum hysteresis action of 2 dB exists between the actual . 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 



MODES OF OPERATION 

The R48DP is capable of being operated in either a serial or 
a parallel mode of operation. 



SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 

PARALLEL MODE 

The R48DP has the capability of transferring channel data up 
to eight bits at a time via the microprocessor bus. 



MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1 . The modem automatically defaults to the 
serial mode at power-on. In either mode the R48DP is configured 
by the host processor via the microprocessor bus. 



10-38 



R48DP 



4800 bps Data Pump Modem 



■>■ 



RTS 



USRT 
(OPTIONAL) 



0^ 
I- 



CTS 



-XD 



TXD 



1 XTCLK 



fe 



RLSD 



4 



RXD 



-o 



RDCLK 



-I , 



RBCLKq 



iiiiiiii 



HOST 

PROCESSOR 

(DTE) 



READ 



WRITE 



DATA BUS (8) 



X) 



ADDRESS BUS (4) ' 



CS (3) _ 

decoderIO — ^--^-Xj 






POR 



IRQ 
+ 5_AVv — J 



ra 



Di 
RSi 



CSi 



MODEM 



eyex 




scope' 






X |y 




EYEV 


—f- 


EYE 
PATTERN 
GENERATOR 
> 




eyesync _ 




^ eyeclk 






+ 12V 


-^ 












POWER 
SUPPLY 




^ +5V 




^ GND 




J -12V 




TXA 














LINE 
INTERFACE 




►1 


_, RXA 


-* 




1 TELEPHONE 
[ LINE 


AUXIN 




""J 













R48DP Functional Interconnect Diagram 



INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pln DIN connector. Software circuits are assigned to specific 
bits in a 48-byte interface memory. 

HARDWARE SUPERVISORY CIRCUITS 

Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
the R48DP Hardware Supervisory Circuits table. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 



R48DP Hardware Supervisory Circuits (Cent.) 



R48DP Hardware Supervisory Circuits 


Name I/O | Pin No. 


Description 


A. OVERHEAD: | 


AGND 




31C,32C 


Analog Ground 


DGND 




3Gi8C,5A,10A 


Digital Ground 


+ 5 volts 




19G.23C,26C.30C 


+ 5 volt supply 


+ 12 volts 




16A 


+ 12 volt supply 


-12 volts 




12A 


-12 volt supply 


POR 


I/O 


13C 


Power-on-reset 



Name 


I/O 


Pin No. 


Description 


B. MICROPROCESSOR INTERFACE: j 


07 


1/0 


1C 




D6 


I/O 


1A 




D5 


I/O 


2C 




D4 


I/O 


2A 


Data Bus (8 Bits) 


D3 


I/O 


3A 




D2 


I/O 


4C 




DI 


I/O 


4A 




DO 


I/O 


5C 




RS3 




6C 




RS2 




6A 


Register Select (4 Bits) 


RS1 




7C 




RSO 




7A 




CSO 




IOC 


Chip Select for Bank 


CSI 




9C 


Chip Select for Bank i 


CS2 




9A 


Chip Select for Bank 2 


READ 




12C 


Read Enable 


WRITE 




11A 


Write Enable 


IRQ 





lie 


Interrupt Request 


C. V.24 INTERFACE: | 


RDCLK 





21 A 


Receive Data Clock 


TDCLK 





23A 


Transmit Data Clock 


XTCLK 


1 


22A 


External Transmit Clock 


RTS 


1 


25A 


Request-to-Send 


CTS 





25C 


Clear-to-Send 


TXD 


1 


24C 


Transmitter Data 


RXD 





22C 


Receiver Data 


RLSD 





24A 


Received Line Signal Detector 



m 
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R48DP Hardware Supervisory Circuits (Cont.) 



Name I/O | Pin No. 


Description 


D. ANCILLARY CIRCUITS: | 


RBCLK 
TBCLK 


O 



26A 
27C 


Receiver Baud Clock 
Transmitter Baud Clock 


E. ANALOG SIGNALS: | 


TXA 
RXA 
AUXIN 


O 
1 

1 


31A 
32A 
30A 


Transmitter Analog Output 
Receiver Analog Input 
Auxiliary Analog Input 



registers are collectively referred to as interface memory. See 
R48DP Interface Memory table. Access to the three banks of 
registers (ban k 0, bank 1 and ban k 2) is enabled by the Chip 
Select signals GSO, CS1 and CS2 respectively. Four Register 
Select signals (RSO, RS1 , RS2, and RS3 are provided to address 
an individual register within an enabled bank. Registers in bank 1 
operate at the sample rate of 9600 samples per second. 
Registers in banks and 2 operate at the selected baud rate. 



R48DP Interface Memory 
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IVIicroprocessor Interface Timing Diagram 



Critical Timing Requirements 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 




nsec 


Data access time after Read 


TDA 


— 


140 


nsec 


Data hold time after Read 


TDH 


10 


50 


nsec 


CSi, RSi hold time after 
Read or Write 


TCH 


10 





nsec 


Write data setup time 


TWDS 


75 


- 


nsec 


Write data hold time 


TWDH 


10 


— 


nsec 


Write strobe pulse width 


TWR 


75 


- 


nsec 



INTERFACE MEMORY 

The R48DP has three banks of 16 input/output (I/O) registers 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor's memory space. These I/O 



Bank 


(HEX) 
Reg No. 


Description 




















F 
E 
D 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 



Do Not Use 

Transmitter Handshake 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Transmitter Option 

Transmitter Configuration 

Equalizer 

Loop/Level 

FREQM 

FREQL 

Do Not Use 

Transmitter Data 




F 
^ 

D 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 



Do Not Use 

Receiver Sample Handshake 
Do Not Use 
Do Not Use 
Receiver Baud Status 
Do Not Use 

Receiver Sample Status 2 
Receiver Sample Status 1 
Receiver Option 
Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 
Diagnostic Data XSM 
Diagnostic Data XSL 
Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


F 
E 
D 
C 
B 
A 
9 
8 
7 
6 
5 
4 
3 
2 
1 



Do Not Use 

Receiver Baud Handshake 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Diagnostic Control XB 

Diagnostic Control YB 

Diagnostic Data XBM 

Diagnostic Data XBL 

Diagnostic Data YBM 

Diagnostic Data YBL 
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When information in ttrese I/O registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y(0-2), the register 
by Z(O-F), and the bit by Q(0-7, = LSB). A bit is considered to 
be "on" when set to a 1. 



Definition of Transmitter Configurations: 

1. \/.27. When any of the V.27 configurations have been 
selected, the modem operates as specified in CCITT recom- 
mendation V.27. 



SOFTWARE SUPERVISORY CIRCUITS 

The operation of the R48DP is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Bits 
designated by an X are "Don't Care" inputs that can be set to 
either 1 or 0, Modem operation is monitored by various software 
flags that are read from modem registers using the same 
microprocessor bus. Bits designated by an X are "undefined" 
outputs that may be either 1 or 0. The functions of all modem 
I/O registers are listed in the R48DP Interface Memory table arid 
are defined as follows: 



TRANSMITTER CONFIGURATION REGISTER 

The host processor configures the R48DP transmitter by writing 
a control byte into the transmitter configuration register (0:6) in 
its interface memory space as shown in the following table: 



Transmitter Configuration Register 


(0:6) 




Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


Bit 


TNXMT 





TLTS 


X 


X 


X 


TDR2 


TDR1 



Definition of Transmitter Configuration Terms: 

TNXMT: Tone Transmit 

TLTS: Transmitter Long Training Sequence 

TDR2: Transmitter Data Rate 2 

Selects 4800 bpsA/. 27) 
TDR1: Transmitter Data Rate 1 

Selects 2400 bps/V.27) 



Control bytes for the three configurations are given in hex- 
adecimal format in the following table: 

Configuration Control Bytes 



No. 


Configuration 


Configuration Bytes (HEX) 


1 


V.27 4800 Long 
V.27 2400 Long 
V.27 4800 Sliort 
V.27 2400 Short 


22 
21 
02 
01 


2 


Tone Transmit 


80 



Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
specified by the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz ±0.01%. 



TRANSMITTER OPTION 

The host processor conveys option information to the transmit- 
ter by writing a control byte into the Option Register (0:7) in its 
interface memory space as shown in the table below: 

Transmitter Option Register (0:7) 



Bit 7 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


RTS 


TTDIS 


SDIS 


MHLD 


EDIS 


TPDM 


XCEN 


SEDT 



Definition of Transmitter Option Terms: 

RTS: Request-to-Send 

TTDIS: Transmitter Training Disable 

SDIS: Scrambler Disable 

MHLD: Mark Hold 

EDIS: Echo Protector Disable 

TPDM: Transmitter Parallel Data Mode 

XCEN: External Clock Enable 

SEDT: Short Echo Protection Disable Tone 



Definition of Transnfiitter Options: 

1 . Request-to-Send. The R48DP begins a transmit sequence 
when the RTS bit (0:7:7) is turned on and cohtinues transmit- 
ting until RTS Is turned off and the turn-off sequence has been 
corhpleted. This input bit parallels the operation of the hard- 
ware RTS control input. 

2. Transmitter Training Disable. When the TTDIS bit (0:7:6) is 
on, the transmitter does not generate a training sequence 
at the start of transmission. 

3. Scrambler Disable. When the SDIS bit (0:7:5) is on, the 
transmitter scrambler circuit is removed from the data path. 

4. Mark Hold. When the MHLD bit (0:7:4) is on, the transmit- 
ter input data stream is forced to all marks (1's). 

5. Echo Protector Disable. When the EDIS bit (0:7:3) is on. an 
unmodulated carrier Is transniitted for 185 ms (optionally 
30 ms) followed by 20 ms of no transmitted energy at the start 
of transmission. 



m 
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6. Transmitter Parallel Data Mode. When the TPDM bit (0:7:2) 
is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 

7. External Clock Enible. When the XCEN bit (0:7:1) is on, the 
transmitter timing is established by the external clock sup- 
plied at the hardware input XTCLK (pin 22A). 

8. Short Echo Protector Disable Tone. When the SEDT bit 
(0:7:0) is on, the echo protector disable tone is 30 ms long 
rather than 1 85 ms. 



EQUALIZER 

The host processor conveys equalizer selection information to 
the modem by writing a control byte into the equalizer register 
(0:5) in the interface memory space as shown in the following: 

Equalizer Register (0:5) 



Link Delay Equalizer Selection 



Bit? 


Bite 


Bits 


Bit 4 


Bit 3 


Bit 2 


i3iti 


BitO 


X 


X 


9ABS2 


CABS1 


LAEN 


LDEN 


A3L 


D3L 



Definition of Equalizer Terms: 

CABS1,2: Cable Equalizer (Selects bits 1 or 2) 

LAEN: Link Amplitude Equalizer Enable 

LDEN: Link Delay Equalizer Enable 

A3L: Amplitude 3-Link Select 

D3L: Delay 3-Link Select 



Definition of Equalizer Parameters: 

1. Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 
in both the transmit and receive paths. The following table 
gives the possible bit combinations. 

Cable (0.4 mm diameter) Equalizer Selection 



CABS2 


CABS1 


Cable Length 





1 
1 



1 


1 


0.0 
1.8 km 
3.6 km 
7.2 km 



Link Equalizer. The link equalizer enable and select bits 
control separate amplitude and delay compromise equalizers 
in the receive path. The following tables give the possible bit 
combinations. 

Linic Amplitude Equalizer Selection 



LAEN 


A3L 


Curve Matched 




1 
1 


X 



1 


No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



LDEN 


D3L 


Curve IVIatched 



1 
1 


X . 


1 


No Equalizer 
U.S. Survey Long 
Japanese 3-Link 



LOOP/LEVEL 

The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control byte into the 
loop/level register (0:4) in the interface memory space as shown 
in the following table: 

Loop/Level Register (0:4) 



Bit 7 


Bite 


Bit 5 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


L3ACT 


L4ACT 


L4HG 


TL3 


TL2 


TL1 


L2ACT 


X 



Definition of Loop/Level Terms: 

L3ACT: Local Analog Loopback (CCITT loop 3) Activate 

L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 

L4HG: Loop 4 High Gain 

TL3-TL1: Transmitter Level (Selects bits 3, 2, and 1) 

L2ACT: Remote Digital Loopback (CCITT loop 2) Activate 

Definition of Loop/Level Control: 

1 . Local Analog Loopback Activate. When the L3ACT bit (0:4:7) 
is on, the transmitter analog output is coupled to the receiver 
analog input through an attenuator in accordance with CCITT 
recommendation V.54 loop 3. 

2. Remote Analog Loopback Activate. When the L4ACT bit 
(0:4:6) is on, the receiver analog input is connected to the 
transmitter analog output through a variable gain amplifier. 

3. Loop 4 High Gain. When the L4HG bit (0:4:5) Is on, the loop 
4 variable gain amplifier is set for + 16 dB. When L4HG is 
off, the gain is dB. 

4. Remote Digital Loopback Activate. When the L2ACT bit 
(0:4:1) is on, the receiver digital output is conriected to the 
transmitter digital input in accordance with CCITT recommen- 
dation V.54 loop 2. 

5. Transmitter Level Select 3, 2 and 1. Transmitter analog out- 
put level Is determined by bits TL3, TL2, and TL1 as shown 
in the following table: 

Transmitter Level Selection 



TL3 


TL2 


TLt 













- 0.5 dBm ±0.5 dB* 








1 


- 2.5 dBm ±0.5 dB 





1 





- 4.5 dBm ± 0.5 dB 


G 


1 


1 


- 6.5 dBm ±0.5 dB 


1 








- 8.5 dBm ±0.5 dB 


1 





1 


-10.5 dBm ±0.5 dB 


1 


1 





-12.5 dBm ±0.5 dB 


1 


1 


1 


-14.5 dBm ±0.5 dB 


*Each step ts a 2 d 


B change ±0.2 dB 
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TRANSMITTER DATA 

The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) In the interface memory space. The data must be 
divided on integral baud boundrles as shown in the following 
table: 



Transmitter Data Register (0:0) 



Configuration 


Bit? 


Bite 


Bits 


Bit 4 Bits 


Bit 2 Biti BitO 


V.27 4800 bps 


X 


Baud 1 


BaudO 


V.27 2400 bps 


Baud 3 


Baud 2 1 Baud 1 | Baud 


NOTE: Data Transmitted Bit First. 



FREQM/FREQL 

The host processor conveys tone generation data to the transmit- 
ter by writing a 1 6-bit data word to the FREQM/FREQL registers 
(0:3 and 0:2) in the interface memory space as shown in the 
following tables: 

FREQIM Register 



Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


215 


214 


213 


212 


211 


210 


29 


28 


FREQL Register 


Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


27 


26 


25 


24 


23 


22 


21 


20 



The frequency number (N) determines the frequency (F) as 
follows: F = 0.146484N Hz ±0.01% 



Definition of Transmitter Handshake Terms: 

TIA: Transmitter Interrupt Active 
TSB: Transmitter Setup Bit 
TIE: Transmitter Interrupt Enable 
TBA: Transmitter Buffer Available 



Definition of Transmitter Handsliake Sequences: 

1 . Transmitter Buffer Available. The TBA bit goes off when the 
host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the TBA bit is on. 

2. Transmitter Interrupt Ena ble. When the host processor writes 
a 1 in the TIE bit, the IRQ line of the hardware interface 
is driven low when TBA is on. 

3. Transmitter Interrupt Acti ve. Status bit TIA is on whenever 
the transmitter is driving IRQ low. 

4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1 in 
the TSB bit. Bit TSB goes to when the change becomes 
effective. 



RECEIVER CONFIGURATION 

The host processor configures the receiver by writing a control 
byte Into the receiver configuration register (1 :6) in the interface 
memory space as shown in the following table: 



Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are given in the following table: 



Commonly Generated Tones 




Frequency 


FREQIM 


FREQL 


462 Hz 


OC 




52 


1100 Hz 


ID 




55 


1650 Hz 


2C 




00 


1850 Hz 


31 




55 


2100 Hz 


38 




00 



TRANSMITTER HANDSHAKE 

The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface memory space as shown 
in the following table: 





Transmitter Handshake Register (0:E) 




Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


TIA 


X 


X 


X 


TSB 


TIE 


X 


TBA 





Receiver Configuration Register (1 :6) 




Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


X 


X 


RLTS 


X 


X 


X 


RDR2 


RDR1 



Definition of Receiver Configuration Terms: 

RLTS: Receiver Long Training Sequence 
RDR2: Receiver Data Rate 2 

Selects 4800 bps/V.27) 
RDR1: Receiver Data Rate 1 

Selects 2400 bps/V.27) 

Control words for receiver configuration are given in hexadecimal 
format in the following table: 

Receiver Configuration Control 



No. 


Configuration 


Configuration Word (HEX) 


1 


v.27 4800 Long 
V.27 2400 Long 
v.27 4800 Short 
V.27 2400 Short 


22 
21 
02 
01 
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Definition of Receiver Configurations: 

When any of the V.27 configurations has been selected, the 
transmitter operates as specified in CCITT recommendation 
V.27. 



RECEIVER OPTION 

The host processor conveys option information to the transmit- 
ter by writing a control byte into the option register (1:7) in its 
interface memory space, as shown in the following table: 

Receiver Option Register (1:7) 



6. J/2 Equalizer Select When the T2 bit (1 :7:1) is on , an adap- 
tive equalizer with two taps per baud is used. When 72 is off 
the equalizer has one t^p per baud. 

7. Receiver Training Disable. When the RTDIS bit (1:7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 

RECEIVER SAIVIPLE HANDSHAKE 

The host processor performs a handshake sequence with the 
receiver sample rate device by controlling and testing bits in the 
receiver sample handshake register (1:E) in the interface memory 
space as shown in the following table: 



Bit? 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Bit 1 


BitO 


Receiver Sample Handshake Register (1:E) 


RTH2 


RTH1 


DDIS 


RPDM 


SWRT 


BWRT 


T2 


RTDIS 








Bit? 


Bite 


Bits 


Bit 4 


Bit 3 


Bit 2 


Biti 


BitO 




















RSIA 


X 


X 


X 


RSSB 


RSIE 


X 


RSDA 



Definition of Receiver Option Terms: 

RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1 ) 

DDIS: Descrambler Disable 

RPDM: Receiver Parallel Data Mode 

SWRT: Sample Write 

BWRT: Baud Write 

72; T/2 Equalizer Select 

RTDIS: Receiver Training Disable 



Definition of Receiver Options: 

1. Receiver Energy Detector Threshold (Bits 2 and 1). The 
receiver energy detector threshold is set by bits RTH2 and 
RTH1 according to the following table: 

Receiver Energy Detect Thresholds 



RTH2 


RTH1 


RLSDOn 


RLSD Off 




1 
1 



1 
Q 
1 


> -43 dBm 

> -33 dBm 

> -26 dBm 

> -16 dBm 


< -48 dBm 

< -38 dBm 

< -31 dBm 

< -21 dBm 



2. Descrambler Disable. When the DDIS bit (1:7:5) is on, the 
receiver descrambler circuit is removed from the data path. 

3. Receiver Parallel Data Mode. When the RPDM bit (1 :7:4) is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data output. 

4. Sample Write. When the SWRT bit (1:7:3) is on, the 16-bit 
word in registers t:1 and 1:0 is written In the RAM location 
specified by the contents of register 1:4. 

5. BaudWrite. When the BWRT bit (1:7:2) is on, the 16-bit word 
in locations 2:1 an4 2:0 is written in the RAM location specified 
by the contents ol register 2:4. 



Definition of Receiver Sample Handshalce Terms: 

RSIA: Receiver Sample Interrupt Active 

RSSB: Receiver Saniple Setup Bit 

RSIE: Receiver Sample Interrupt Enable 

RSDA: Receiver Sample Data Available 

Definition of Receiver Sample Handsliake Sequence: 

1. Receiver Sample Data Available. The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
from register 1:0. 

2. Receiver Sample Interrupt Ena ble. When the host processor 
writes a 1 in the RSIE bit, the IRQ line of the hardware inter- 
face is driven low when RSDA ia on. 

3. Receiver Sample Interrupt Active. Status bit RSI A is on 
whenever the Receiver Sample rate device is driving IRQ low. 

4. Receiver Setup Bit. When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit RSB goes to when 
the changes become effective. 



RECEIVER BAUD HANDSHAKE 

The host processor performs a handshalce sequence with the 
receiver baud rate device by controlling and testing bits in the 
receiver baud handshake register (2: E) in the interface memory 
space as shown in the following table: 

Receiver Baud Handshake Register (2:E) 



Bit 7 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


RBIA 


X 


X 


X 


X 


RBIE 


>^ 


RBDA 
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Definition of Receiver Baud l^andslialce Terms: 

RBIA: Receiver Baud Interrupt Active 
RBiE: Receiver Baud Interrupt Enable 
RBDA: Receiver Baud Data Available 

Definition of Receiver Baud IHIandslialce Sequence: 

1 . Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 

2. Receiver Baud Interrupt Enable, When the host processor 
writes a 1 in the RBIE bit, the IRQ line of the hardware inter- 
face is driven low when RBDA is on. 

3. Receiver Baud Interrupt Active. Status bit RBI A is on 
whenever the receiver baud rate device is driving IRQ low. 

RECEiVER SAMPLE STATUS 

The host processor has access to various status bits that reflect 
operation of the receiver sample rate device. These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interface memory space as shown in the 
following tables: 



Receiver Sample Status Register 1 (1:8) 



Bit 7 


Bite 


Bits 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 


X 


X 


X 


X 


X 


P2DET 


X 


X 


Receiver Sample Status Register 2 (1:9) 


Bit 7 


Bits 


Bits 


Bit 4 


Bits 


Bit 2 


Biti 


BitO 


X 


FED 


X 


X 


X 


X 


X 


X 



Definition of Receiver Sample Status Terms: 

P2DET: Period Two Detector 
FED: Fast Energy Detector 



Definition of Receiver Sample Status Conditions: 

1 . Period Two Detector. When the P2DET bit (1 :8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
to a 1 at the start of the receive data state. 

2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
cates that energy above the receiver threshold is present in 
the passband. 



RECEiVER BAUD STATUS 

The host processor has access to status bits that reflect opera- 
tion of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (1 :B) in 
the interface memory space as shown in the following table: 

Receiver Baud Status Register (1 :B) 



Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Biti 


BitO 


X 


PNDET 


X 


X 


X 


X 


X 


CDET 



Definition of Receiver Baud Status Terms: 

PNDET: Period N Detector 
CDET: Carrier Detector 

Definition of Receiver Baud Status Conditions: 

1 . Period N Detector. When the PNDET bit (1 :B:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets to a 
1 at the end of the PN sequence. 

2. Carrier Detector. When the CDET bit (1 :B:0) is off, it indicates 
that passband energy is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to a 1 at end of received signal. 

RECEIVER DATA 

The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 

DIAGNOSTIC CAPABILITIES 

The R48DP provides the user with access to much of the data 
stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 

HARDWARE DIAGNOSTIC CIRCUITS 

Signal names and descriptions of the hardware diagnostic 
circuits are given in the following table: 

Hardware Diagnostic Circuits 



Name 


I/O 


Pin No. 


Description 


EYEX 
EYEY 
EYECLK 
EYESYNG 








15C 
14A 
14C 
13A 


Eye Pattern Data — X Axis 
Eye Pattern Data — Y Axis 
Eye Pattern Clock 
Eye Pattern Synchronizing 
Signal 



m 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEXand EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 



SOFTWARE DIAGNOSTIC CIRCUITS 

Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized Into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
register. The diagnostic registers are related as shown in the 
following table: 



Software Diagnostic Registers 



Device 


Control 
Register 


Write Bit 


Data Word 
(IWiSB) 


Data Word 
(LSB) 


Sample 

Sample 

Baud 

Baud 


XS (1:5) 
YS (1:4) 
XB (2:5) 
YB (2:4) 


None 
SWRT (1.7:3) 

None 
BWRT (1 :7:2) 


XSM (1:3) 
YSM (1:1) 
XBM (2:3) 
YBM (2:1) 


XSL (1:2) 
YSL (1:0)* 
XBL (2:2) 
YBL (2:0) 


*ln parallel mode, register 1:0 Is used for receive data and 
not diagnostic data. 



RAM ACCESS CODES 

The following table lists access codes for frequently used RAM 
data: 



RAM Access Codes 







Real 


Imag. 


Bank 


Function 


Access 


Access 


1 


Received Signal Samples 


CO 


■ — 




Demodulator Output 


C2 


42 




Low Pass Filter Output 


D4 


54 




Average Energy 


__ 


5C 




AGC Gain Word — MSB's 


81 


, _ 




AGC Gain Word ^ LSB's 


— 


01 


2 


Equalizer Input 


CO 


40 




Equalizer Tap Coefficients 


81-AO 


01-20 




Unrotated Equalizer Output 


E1 


61 




Rotated Equalizer Output 








(Received Points) 


A2 


22 




Decision Points (Ideal Data Points) 


E2 


62 




Error 


E3 


63 




Rotation Angle 


_ 


00 




Frequency Correction (MSB's) 


AA 


— 




Frequency Correction (LSB's) 


— 


2A 




EQM 


A7 


— 



POWER-ON INITIALIZATION 

When power Is applied to the R48DP, a period of 1 00 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time 
the modem defaults to the following configuration: V.27, 
4800 bps, T/2, long echo protect disable tone, serial data mode, 
internal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3-link curves selected, 
transmitter output level set to -0.5 dBm ±0.5 dB, interrupts 
disabled, and receiver threshold set to -43 dBm. 

POR can also be used to initialize the users's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 



Data transfer is regulated by the appropriate data available bit. 
Reading always takes place at the designated rate, and data 
left in the data registers is overwritten each cycle. When the 
associated write bit is set, a write cycle is performed each time 
the associated data available bit is off. 



The eight bits of registers 2:3 and 2:1 are continuously presented 
serially on hardware Interface lines EYEX and EYEY 
respectively. 



PERFORMANCE 

Functioning as a V.27 bis/ter type modem, the R48DP provides 
the user with unexcelled high performance. 

Bit Error Rates — - The Bit Error Rate (BER) performance of the 
modem is specified for a test configuration conforming to that 
specified in CCITT recommendatiori V.56, except with regard 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at a received line signal 
level of -20 dBm as illustrated. 
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4800 BPS 
.V.27 



2400 BPS 
V.27 



10 



ii 



8 10 12 14 16 18 20 22 24 26 28 30 
SIGNAL-TO-NOISE RATIO dB 



Typical Bit Error Rate Performance 



Phase Jitter —At 2400 bps, the modem exhtoits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15° peak-to-peaic phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30° peal<-to-peak 
phase jitter at 120 Hz (scrambler inserted). 

At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15° peak-to-peak phase jitter at 60 Hz. 



INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 



Digital Input Characteristics 



input Logic State 


Allowed Input Voltage Levels 


Low 
High 


0.0V to + 0.8V at -2.5 /tA 
+ 2.0V to +5.QVat +2.5 M 


Notes 

1. The digital inputs are directly TTL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 

2. Positive current is defined as current into the node. 



Digital Output Characteristics 


Output Logic State 


Output Voltage Level 


Low 
High 


+ 0.4V at +1.6 mA 
+ 2.4V at -100mA 


Notes 

1. The digital outputs are directly TTL/CMOS compatible. 
Capacitive drive capability is 25 pF. 

2. Positive current is defined as current into the node. 





NOISE 

SOURCE 

GR1381 

50 KHZ BW 




ATTENUATOR 
HP 350D 




































MODEM 
TRANS- 
MITTER 




LINE 
SIMULATOR 




"1 

IMPAIRMENT 

SOURCE 
BRADLEY 2A 




ATTENUATOR 
HP 350D 




E 






























ENGINEERING 

MODEM 

CONSOLE 


Signal an 


NOTE 
d noise are measured with 3 kHz flat weighting. 



LEVEL 

MEtER 

HP 3552A 



MODEM 
RECEIVER 



ENGINEERING 

MODEM 

CONSOLE 



M 



BER Performance Test Set-up 
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ANALOG INTERFACE CIRCUITS 

Transmitter Output Level ~ The transmitter output level is 
adjustable In 2 dB steps from - 0.5 dBm to - 1 4.5 dBm accurate 
to ±0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 

Receiver Input — The receiver input impedance is 63.4K 
ohm ±5%. 

Auxiliary Transmitter Input ~ The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will Cause aliasing 
errors. The input impedance is 1 K ohm and the gain to transmit- 
ter output Is OdB. 



R48DP SPECIFICATIONS 

Power Requirements 



Voltage 


Tolerance 


Current (Max) 


+ 5Vdc 


±5% 


<700 mA 


+ 12Vdc 


±5% 


<20 mA 


-12Vdc 


±5% 


<80mA 


Note: All voltages mus 


t have ripple <0.1 volts peak-to-peak. 


Environmental 


Parameter 


Specification 


Temperature: 




Operating- 


0°Cto +60°C(32to 14b°F) 


Storage— 


-40*»C to +90°C (-40 to 176°F) 
Stored In heat sealed antistatic bag 
and shipping container 


Relative Humidity: 


Up to 90% noncondensing, or a wet 
bulb temperature up to 35°C, 
whichever Is less. 


Mechanical Information 


Parameter 


Specification 


Board Structure: 


Single PC board with single right 
angle header with 64 pins, DIN 41612 
or equivalent mating connector. 


Dimensions: 


Width— 3.94 in. (100 mm) 




Length— 4.70 in. (120 mm) 




Height— 0.55 In. (1.40 cm) 


Weight: 


Less than .22 lbs. (.08 kg) 
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INTRODUCTION 

The Rockwell V27P/1 is a versatile, high performance, 4800 bps 
modem on a single printed circuit board. Being CCITT V.27 
compatible, the V27P/1 (with minimal interface circuitry) can 
operate on dedicated 2-wire or 4-wire half-duplex or 4-wire full- 
duplex lines. The V27P/1 can also operate in half-duplex on the 
general switched network. 

Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches 
(16.0 cm), the V27P/1 is the smallest full-feature 4800 bps 
modem that approaches data communication theoretical per- 
formance limits. 

The V27P/T meets the tolerances specified in the CCITT V.27 
bis (alternate A), \/.27ter and FSKT.30 specificatbns. In addition, 
the V27P/1 can be configured to be functionally compatible with 
those enhanced specifications available in the Rockwell V27P 
and M48P modem series. 



FEATURES 

• Single printed circuit card 

• 4800/2400 bps modes 

• Full-duplex or half-duplex 

• Dedicated or general switched network lines operation 

• Ultimate user flexibility: 

—CCITT V.27 ter, V.27 bis compatible 

— Also 300 bps binary signalling per CCITT T.30 

• TTL compatibility 

• Automatic adaptive equalizer 

• Analog loopback test circuitry 

• to -45 dBm dynamic AGC 

• LSI signal processing 

• High reliability 

• Low power consumption: 
— Typrcally 3.5 watts 

• Automatic training sequence for receiver 




03 
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FUNCTIONAL SPECIFICATIONS 



TRANSMIT CONTROLS 



HtGH SPEED DATA INPUT - 



TRANSMITTER 

TRAINING 

DEVICE 



FSK DATA INPUT . 



FSK DATA OUTPUT .^- 



TRANSMITTER 
DEVICE 



FSK 

BANDPASS 

FILTER 



XMIT 
■ LINE 
SIGNAL 



EYE QUALITY -*_ 



RECEIVER 
LEARNING 
DEVICE 



RECEIVE CONTROLS . 



r~E__r~i 



RECEIVER 
DEVICE 



-[ DAC y 






% 



BANDPASS 

FILTER, 

SQUELCH, 

AGC, 

THRESHOLD 

SELECT 



RCV 
' LINE 
SIGNAL 



V27P/1 Functional Block Diagram 



Transmit Carrier and Signalling Frequencies 

Carrier Frequency Codex 

Compatible QAM: 
Carrier Frequency V.27: 
Echo Suppression Frequencies: 



Signalling Frequencies of T.30: 



1706.667 Hz ; 
1800 Hz: 
2100 Hz: 
2025 Hz : 
1850 Hz : 
1650 Hz : 
1300 Hz : 
1100 Hz : 



: 0.01% 

0.01% 
0.01% 
0.01% 
0.01% 
0.01% 
0.01% 
0.01% 



Received Signal Frequency Tolerance 

The receiver can receive frequency errors of up to ± 10 
Hz with less than a 0.2 dB degradation in Bit Error Rate 
performance. 

Data Signalling and Modulation Rate 

At 1600 baud: 

Signalling Rate— 1600 baud ± 0.01% 

Data Rate— 4800 bps ± 0.01 % 

At 1200 baud: 

Signalling Rate— 1200 baud ± 0.01% 

Data Rate— 2400 bps ± 0.01 % 

Transmitted Data Spectrum 

At 1600 baud the transmitted spectrum is shaped by approx- 
imately a square root of 50 percent raised cosine filter func- 



tion. At 1200 baud the spectrum is shaped by approximately 
a square root of 90 percent raised cosine filter function. 

The 1600 and 1200 baud configurations require a usable 
bandwidth from 950 Hz to 2650 Hz and 1 150 Hz to 2450 Hz 
respectively. 

Data Encoding 

At 1600 baud the data stream is divided into groups of three 
bits (tribits). The data rate of 4800 bps may use either an 8- 
point QAM structure or 8-phase structure. Encoding of the 
tribits in the 8-phase structure are per CCITT Recommen- 
dation V.27 ter. 

At 1200 baud the data stream is divided into groups of two 
bits (dibits). The data rate of 2400 bps uses a 4-phase data 
structure. Encoding of the dibits may be per the fallback rate 
of CCITT Recommendation V.27 bis and ter (same as V.26A) 
or V26B depending on the selected configuration. 

Turn-on, Turn-off Sequences 

The V27P/1 turn-on sequences are compatible with CCITT 
Recommendations V.27 bis (alternate i), V.27, and Rockwell 
M48P modem specifications. 

The turn-off sequences for ail V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
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onds of remaining data followed by continuous scrambled 1 's 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transmitter key 
signal for a recommended duration of 20 milliseconds. 

The turn-off sequences for all non-V.27 modes consists of 
4 to 7 milliseconds of remaining data followed by a period of 
no transmission energy. 

Ready For Sending Response Times 

The Ready For Sending response time to a Request To Send 
is determined by the configuration selected and its corre- 
sponding training time. In Table 1 the Training Times are 
shown in milliseconds. Note, however, that the 1600 baud 
manual CCITT configurations actually specify the synchro- 
nizing sequence timing per CCITT V.27 rather than the training 
time. Also note the following abbreviations. 



ITC(1P-5P): 



Transmitter Configuration Inputs 1 through 
5. These five bits establish the octal code 



shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 

IRC (1 P-5P): Receiver Configuration Inputs 1 through 5. 
These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through P5 
establish the least significant octal digit 
shown in the chart. 

IRSS (1 P-2P), Receiver Signal Structure and Transmitter 
ITSS (1P-2P): Signal Structure. Where P1 and P2 estab- 
lish an octal code of 0, 1,2, or 3. They 
define the signal structures as follows: 
1 selects 8 point QAM 
3 selects DPSK as: 
8-phase at 1 600 baud 
4-phase at 1200 baud 



V27P/1 Configurations 











Signal 
















Structure 












Transmitter 


Receiver 


IRSS (1P-2P) 


Data 


Training 


Carrier 






ITC(1P-5P) 


iRC(IP-SP) 


ITSS(1P-2P) 


Rate 


Time 


Frequency 


No. 


Configuration 


(Octal Code) 


(Octal Code) 


(Octal Code) 


(bps) 


(msec) 


(hz) 


1. 


1600 Baud DIAL, CCITT DIAL 


22 


22 


1,3 


4800 


181 


NOTE 


2. 


1600 Baud DIAL ~T/2 


22 


36 


1,3 


4800 


181 


NOTE 


3. 


1600 Baud DIAL Slow 


36 


22 


1,3 


4800 


221 


NOTE 


4. 


1600 Baud P-P 


20 


20 


1,3 


4800 


141 


NOTE 


5. 


1600 Baud P-P—T/2 


20 


32 


1,3 


4800 


141 


NOTE 


6. 


1600 Baud Manual CCITT 


32 


30 


3 


4800 


20 (Sync 
Sequence) 


1800 


7. 


1600 Baud Manual CCITT 


30 


30 


3 


4800 


50 (Sync 
Sequence) 


1800 


a. 


1600 Baud V27DIALJP-P 


23 


23 


3 


4800 


708 


1800 


9. 


1600 Baud V27DIA17P-PEP 


27 


23 


3 


4800 


923 


1800 


10. 


1 600 Baud V27 DIAUP-P — T/2 


23 


33 


3 


4800 


708 


1800 


11. 


1600 Baud V27 DIA17P-P — T/2 EP 


27 


33 


3 


4800 


923 


1800 


12. 


1 600 Baud V27 Multipoint — T/2 


21 


27 


3 


4800 


50 


1800 


13. 


1600 Baud V27 Resync (use with 
configuration 8) 


21 


25 


3 


4800 


50 


1800 


14. 


1600 Baud V27 Resync EP (use 
with configuration 9) 


25 


25 


3 


4800 


265 


1800 


15. 


1600 Baud V27 Resync — T/2 (use 
with configuration 10) 


21 


35 


3 


4800 


50 


1800 


16. 


1600 Baud V27 Resync — T/2 EP 
(use with configuration 11) 


25 


35 


3 


4800 


265 


1800 


17. 


1200 Baud DIAL 


14 


10 


3 


2400 


170 


1800 


18. 


1200 Baud P-P 


10 


10 


3 


2400 


117 


1800 


19. 


1200 Baud V27DIAiy P-P 


13 


11 


3 


2400 


943 


1800 


20. 


1200 Baud V27 DIMJP'P EP 


17 


11 


3 


2400 


1158 


1800 


21. 


1200 Baud V27 Multipoint 


11 


15 


3 


2400 


66 


1800 


22. 


1200 Baud V27 Resync (use with 
configuration 19) 


11 


13 


3 


2400 


66 


1800 


23. 


1 200 Baud V27 Resync EP (use 
with configuration 20) 


15 


13 


3 


2400 


281 


1800 


Note: Carrier frequency Is 1 706 2/3 Hz w 


hen IRSS(1P-2P) 


is a 1 (8-point). 










Carrier frequency is 1800 Hz when 


IRSS(1P-2P) isa 


3 (8-phase DPSK) 











M 
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Received Line Signal Detector (D109) 

The time response of the Received Line Signal detector cir- 
cuit (D109) is a function of the length of the received turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. D109 turns on for approximately 2 milliseconds 
after the echo protect tone disappears In the V27EP config- 
urations (No. 9, 11, 14, 16, 20 and 23 of the V27P/1 Config- 
uration Chart). 

For non-CCITT configurations (No. 1, 2 and 3 In the table on 
page 3), D109 momentarily goes on at the beginning of the 
synchronizing sequence. 

When no synchronizing signal is .detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn on threshold. If training is 
not enabled at the receiver, D109 turns on in 5 to 15 
milliseconds. 

Three threshold options are provided: 

1) Greater than -43 dBm: D109 ON 
Less than -48 dBm: D109OFF 

2) Greater than -26 dBm: D109ON 
Less than - 31 dBm: D109 OFF 

3) Greater than -16 dBm: D109 ON 
Less than -21 dBm: D109 OFF 

The three threshold options are controlled by the condition 
of the THRESH1 and THRESH2 control lines as indicated 
below; 



dB LEVEL 

-43 dBm ON 
-26 dBm ON 
-16 dBm ON 



THRESH1 

Open Circuit 
Open Circuit 
to -0.5V 



THRESH2 

Open Circuit 
to -0.5V 
Open Circuit 



When the received signal drops 5 dB below the D109 turn 
off threshold, D109 will turn off in 5 to 15 milliseconds. The 
condition of D109 between the selected turn on and turn off 
thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 

Recommended circuits to control THReSHI and THRESH2 
Input interface lines are shown in diagrams (A, B and C). 



Bit Error Rates 

The V27P/1 is thoroughly tested to guarantee Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 

The resultsof these BER performance tests are stiown In the 
Typical Bit Error Rate Performance diagram. 



A. 



K 




I ___l 




T 



— AA^V -*^ THHESH1 or 2 



0. 



-*- THRESH1or2 




Suggested Interface Circuits for Controlling 
THRESH1 and THRESH2 Input Lines 



Data Scrambler Selection 

The V27P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(and descramblers), and a no scramble option. These scram- 
blers provide data transmitted by the V27P/1 with the degree 
of randomness necessary to ensure the continued conver- 
gence of all adaptive processes at the receiver. The seven 
possible, scrambler configurations that are user software 
selectable are: 

• Period 1 27 cryptographic 

• Period 127 synchronizing 

• CCITT period 127 self synchronizing (compatible with 
CCITT Recommendation V.27) 

• Period 8,388,607 self synchronizing (compatible with 
CCITT Recommendation V.29) 

• Period 127 self synchronizing with 8-bit protection 

• CCITT period 127 self synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) 

• No scrambler 

All scramblers can be used with all modem configurations 
listed In the table on page 3. 
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MODES OF OPERATION 

The V27P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode 
the transmitted data the V27P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 
connection is made. It is possible to set up the receiver 



without a training sequence, but it is a rrtanual mode requiring 
considerable user effort. In a training mode, an internally 
generated pattern is transmitted to the receiver to facilitate 
synchronization. During the training mode, the data input line 
to the receiver is ignored and the output line does not reflect 
the state of the data input. 

In the data mode of operation, information on the data input 
is strobed by the transmitter signal elernent clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the passband signal and outputs the recovered data on the 
cutput where it is then ready to be strolled by the receiver 
signal element clock. 

Request To Send— Ready For Sending 

To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. If a training mode 
is not initiated the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 

The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator is low. 

If the receiver enters the training mode, the receiver training 
mode indicator goes high until the training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, if sufficient signal energy is present 
on the input line, D109 goes high, enabling the data mode. 

Training Mode — Dial and Point-To-Point 

For dial and point-to-point configurations, the V27P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
to turn on and also makes a course adjustment of the carrier 
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frequency variable which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer which is part of the V27P/1 structure. 

A short scrambler synchronization sequence follows Phase 
2 and is used to generate the success indicator. In order for 
training to be successful, the incoming training sequence 
must have been generated by a similarly configured trans- 
mitter using a compatible training sequence. 

At the receiver, detection of a training sequence requires that 
there be sufficient signal energy and that the receiver's car- 
rier frequency variable be within 30 Hz of nominal. 

Training Resync (V.27 bis/ter Turnaround) 

In a 2-wire half duplex data communication system, data can 
be transmitted in only one direction at any given instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter respectively. This turnaround operation requires 
constant resynchronization to meet CCITT Recommenda- 
tions for V.27 bis/ter. 

The resync configurations are used for reacquiring synchro- 
nization in turnaround operation without having to go through 
the normal long training sequence. The resync training 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting carrier frequency and equalizer 
taps. 

Training Mode — Multipoint 

In the V27P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 
train signal must be high to process the short training 
sequences; othenA/ise the receiver will ignore the training 
sequence and enter directly into the data mode. The receiver 
will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 

For 4-wire circuits which are worse than Ml 020 and for 
2-wire circuits, a long training sequence should be used 
rather than the multipoint configuration. These training 
sequences require that the receiver be in the proper dial/ 
point-to-point configuration. 

Training Mode — Manual 

The V27P/1 modem includes two manual configurations in 
which the remote modem need not transmit a special training 
sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. The tap coefficients may be 
initialized by controlling three input terms~ICR, ICI and 
ICLCP— in synchronization with the Baud Rate Clock. 

In order to operate the modem in the manual configurations, 
both the transmitter and receiver must be set according to 



the code shown in Table 1. Manual configuration code octal 
30 has a longer synchronizing sequence than configuration 
code octal 32, but both synchronizing sequences conform 
to the CCITT Recommendation V.27. However, neither se- 
quence is of sufficient duration to aid in training the receiver. 



Receiver Operation During Loss of Line Signal 

When there is no line signal present, all receiver update 
relating to the equalizer, carrier frequency variable and baud 
timing are inhibited and the current values of the equalizer 
taps and the carrier frequency variable are retained. 

DATA QUALITY 

The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately ± 
2 db. Eye quality is determined by calculating the difference 
between the received signal point after equalization and the 
transmitted or expected signal point. The receiver output 
DEQ2P is a filtered version of this error signal. It is a serial 
word clocked by the system bit clock (345.6 KHz or 230.4 
KHz, depending on baud rate). Output signal DQGTP is a 
gating signal which delineates the eight MSB's of DEQ2P. 
The use and interpretation of these binary signals are quite 
complex and are dependent on the application and the signal 
structure. The user can derive a meaningful interpretation of 
the EQM readings by monitoring them while testing the 
modem against his performance criteria. 

Visual Display of Eye Pattern 

A visual indication of the modem's performance can be 
obtained by displaying the received baseband signal struc- 
ture after equalization. This is done by converting the eight 
MSB's of the real and imaginary equalized signal points 
available on DRERP and DIERP to analog voltages which 
are then used to drive the horizontal and vertical sweeps of 
an oscilloscope. The resultant display will be a symmetrical 
dot pattern of 16 points, 8 points, or 4 points which is a time 
representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or otherwise show distor- 
tion. Atypical visual eye pattern of a 4 point display is shown 
in the following diagram. 



DISPERSION 
DUE TO GAIN 
ERRORS 



DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR 




CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 



Typical Eye Pattern 
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Success Indicator 

A second data quality Indicator is provided for In all config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This "sue* 
cess" output (DSUCP) will go high during the last one to 
twenty milliseconds of receiver training, provided training has 
been successful. During the data mode (DRTMP low and 
D109 high), DSUCP will go high whenever 15 consecutive 
data marks or spaces are decoded at the receiver data 
output. 



ADDITIONAL CAPABILITIES 

The V27P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 

Local Loopback Capability 

A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter's output through a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB conimand squelches the input to 
the receiver and loops the analog signal from the transmitter 
to the receiver input. 



Tone Generation And Detection 

The transmitter can be used to transmit single frequency 
tones for disabling echo suppressors or for system signaling. 
Tone that can be transmitted (selected through software con- 
trol) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, and 
2100 Hz. Other tones are also possible. The carrier fre- 
quency can be altered by selection of values for a binary bit 
stream. 

External Data Cloclc 

The data input to the transmitter can be clocked from an 
external source when the external clock is used as a refer- 
ence input to the data clock's phase locked loop. By applying 
an external clock the reference input will cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 
adhered to. 

300 bps FSK Modem Operation 

A CCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of the CCITTV.21 channel 2 modulation system 
can also be configured. The FSK modem is capable of gen- 
erating the 1 100, 1300, -1650 and 1850 Hz tones. 



An internal pattern generator is also incorporated in the 
modem which can be used when no modem test set is 
available. 

SPECIFICATIONS 



V27P/1 Specifications 



DC Voltages 


Voltage 


Tolerance 


Current (Typibal) 


Current (Max) 


+ 5 volt 
+12 volt 
-12 volt 


±5% 
±5% 
±5% 


135 ma 
40 ma 
176 ma 


<200ma 
< 70 ma 
<230ma 


Note: All voltages must have ripple =^0.1 volts peak-to-peak. 


Environment 


Temperature: 
Relative Humidity: 


Operating: O-'C to +60°C (32 to 140°F) 
Storage: -4a'C to +80°C (-40 to 176°F) 

(Stored in heat sealed antistatic bag and shipping container) 
Up to 90% noncondensing, or a wet bulb temperature up to 35*C, which- 
ever is less. 


Mechanical | 


Board Structure: 
Mating Connector: 

Dimensions: 
Weight: 


Single PC board with edge connector 

100 pin, edge connector, two sided, with 0.1 in (2.54 cm) centers. Rec- 
ommended Viking 3VH50/IJND5 or equivalent mating connector. 
Width— 9.188 in (23.338 cm) Depth— 6.288 in (15.972 cm) 
Less than 0.45 lbs (0,20 kg) 
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INTRODUCTION 

The Rockwell R1 21 2 Is a high performance full-duplex 1 200 bps 
modem Usmg state-of-the-art VLSI and signal processing 
technology, the R1 21 2 provides the user with enhanced perform- 
ance and reliability on a single printed circuit board of less than 
22 square-inches— overall size. 

The R1212 modem is ideal for data transmission over the 2-wlre 
dial-up telephone network. The direct-connect, auto dial/answer 
features are specifically designed for remote and central site 
computer applications. The bus interface allows easy integra- 
tion into a personal computer, box modem, microcomputer, 
terminal or any other communications product that demands the 
utmost in reliability and performance. 

The added test features, such as local analog toopback, remote 
digital loopback, and a self-test function, offer the user flexibil- 
ity in creating a 1200 bps modem design customized for specific 
packaging and functibnal requirements. 

Being CCITT V.22 A, B compatible, as well as Bell 21 2A and 
103 compatible, this modem fits any application for full-duplex 
1200 bps (synchronous and asynchronous) and to 300 bps 
asynchronous data transmission over the general switched 
telephone network. 



FEATURES 

• CCITT v.22 A, B Compatible 

• Bell 21 2A and 103 Compatible 

• Synchronous: 1200 bps, 600 bps ±0.01% 

• Asynchronous: 1 200 bps, 600 bps + 1 %, - 2.5%, 0-300 bps 
—Character length 8, 9, 10, or 1 1 bits 

• DTE Interface 

—Functionally: Microprocessor Bus (Control) and RS-232-C 

Interface (Data/Control) 
—Electrically: TTL Compatible 

• Operation: 2-wire full-duplex 

• Adaptive and Fixed Compromize Equalization 

• Test Configurations: 
—Local Analog Loopback 
—Remote Digital Loopback 
—Self Test 

• Auto/Manual Answer 

• Auto/Manual Dial: 
—Tone or Pulse Dial 

• Power Consumption: 3 Watts Typical 

• Power Requirements: -1-5 Vdc, ±12 Vdc 

• Plug-compatible member of new Rockwell modem line 

• Two Versions: R1 21 2DC (Direct Connect) with FCC approved 
DAA Part 68 Interface and R1212M (Module) without DAA 




R1212 Full-Duplex Modem 
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TECHNICAL SPECIFICATIONS 

Tlie following are the technical specifications for the R1212 
modem. 

TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 

The transmitter carrier and signaling frequencies are given in 
the following table: 

Transmitter Carrier and Signaling 
Frequencies Specifications 





Specification 


Frequency 


(Hz ±0.01%) 


V.22 low channel, Originate Mode 


1200 


V.22 high channel, Answer Mode 


2400 


Bell 21 2A high channel Answer Mode 


2400 


Bell 21 2A low channel Originate Mode 


1200 


Bell 1 03/1 1 3 Originating Mark 


1270 


Bell 1 03/1 1 3 Originating Space 


1070 


Bell 103/113 Answer Mark 


2225 


Bell 103/113 Answer Space 


2025 



TONE GENERATION 

The specifications for tone generation are as follows: 

1. Answer Backtones: The R1212 is capable of generating 
echo disabling tones both of the CCITT and Bell versions, 
as follows: 

a. CCITT: 2100 Hz ±15 Hz. 

b. Bell: 2225 Hz ±10 Hz. 

2. Guard Tones: If GTS is low, an 1 800 Hz guard tone frequency 
is selected; if GTS if high, a 553.846 Hz tone is employed. 
In accordance with the CCITT V.22 Recommendation, the 
level of transmitted power for the 1800 Hz guard tone should 
be 6 ±ldB beiow the level of the data power in the main 
channel. The total power is transmitted to the line should be 
the same whether or not a guard tone is enabled, if a 553.846 
Hz guard is used, its transmitted power should be 3 ± idB 



below the level of the main channel power, and again the 
overall power transmitted to the line should remain constant 
whether or not a guard tone Is enabled. The device 
accomplishes this by reducing the main channel transmit path 
gain by .97dB and 1.76dB for the cases of the 1800 Hz and 
553.846 Hz guard tones respectively. 
DTIVIF Tones: The R1212 is capable of generating dual tone 
multi-frequency tones. When the transmission of DTMF tones 
are required, the CRQ and DTMF bits must be set to a 1. 
(see Interface Memory). When in this mode, the specific 
DTMF tones generated are decided by loading transmit 
register with the appropriate digit as shown in the following 
table: 

Interface Memory Signals 



BCD 


Dial Digits 


Tone Pairs 

















941 1336 











1 


1 


697 1209 













2 


697 1336 










1 


3 


697 1477 





1 








4 


770 1209 





1 





1 


5 


770 1336 





1 







6 


770 1477 





1 




1 


7 


852 1209 













8 


852 1336 










1 


9 


852 1477 












• 


941 1209 









1 


Spare (B) 


697 1633 




1 








Spare (C) 


770 1633 




1 





1 


Spare (D) 


852 1633 




1 







# 


941 1477 




1 




1 


Spare (F) 


941 1633 



TONE DETECTION 

The R1212 can detect tones in the 340 to 645 Hz band. 

SIGNALING AND DATA RATES 

The signaling and data rates for the R1212 are defined in the 
table below: 



Signaling and Data Rates 



Operating R/lode 


Signaling Rat# (Baud) 


Data Rate 


V.22: 

(Alternative A) 
Model 

Mode ill 

(Alternative B) 
Model 
Mode iii 

Modeii 

Modeiv 


600 
600 

600 
600 

600 


1200 bps ±0.01% Synchronous 
600 bps ±0.01% Synchronous 

1200 bps ±0.01% Synchronous 
600 bps ±0.01% Synchronous 

1200 bps Asynchronous 

8, 9, 10, or 1 1 Bits Per Character 

600 bps Asynchronous 

8, 9, 10, or 11 Bits Per Character 


Bell212A 


600 
to 300 


1200 bps ±0.01% 
Syhchronous/Asychronous 
to 300 Bps Asynchronous 



M 
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DATA ENCODING 

The specifications for data encoding are as follows: 

1 . 1200 bps (V.22and Bell 21 2A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

2. 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal elements. 

EQUALIZERS 

The R1212 provides equalization functions which can be used 
to improve performance when operating over poor lines. 

Automatic Adaptive Equalizer— An automatic adaptive 
equalizer is provided in the receiver circuit for V.22 and Bell 21 2A 
configurations. 

Fixed Compromise Equalizer— Compromise equalizers are pro- 
vided in the transmitter and receiver. 

TRANSMITTED DATA SPECTRUM 

After making allowance for the nominal specified compromise 
equalizer characteristic, the transmitted line signal has a fre- 
quency spectrum shaped by the square root of a 75 percent 
raised cosine filter. Similarly, the group delay of the transmitter 
output is within ± 100 microseconds over the frequency range 
800 to 1600 Hz (low channel) and 2000 to 2800 Hz (high 
channel). 

SCRAMBLER/DESCRAMBLER 

The R1212 incorporates a self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 and the Bell 
21 2A recommendations. 



RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R1 21 2 can adapt to received frequency 
errors of up to ±7 Hz with less than a 0.2 dBm degradation in 
BER performance. 

RECEIVE LEVEL 

The receiver circuit of the R1 212 satisfies all specified perform- 
ance requirements for the received line signals from - 12 dBm 
to - 45 dBm. The received line signal is measured at the receiver 
analog input RXA. 

RECEIVE TIMING 

The R1212 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 ± 1 % duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit Is capable of tracking a ± 0.01 % 
frequency error in the associated transmit timing source. 



TRANSMIT LEVEL 

The R1212M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R1212M can 
be strapped via the host interface memory to accomplish this. 



Transmit 


Level 


Configuration Word 


Transmit Level 





dbm 


1 


-2 dbm 


1 


-4 dbm 


1 1 


-6 dbm 


1 


-8 dbm 


1 1 


-10 dbm 


110 


-12 dbm 


1 1 1 


-14 dbm 



PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 

The R1212M transmit level is set to dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 

The R1212DC transmit level is strapped in the permissive mode 
so that the maximum output level is -9.5 dBm ±0.5 dBm. 

TRANSMIT TIMING 

The R1212 provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1 . Frequency. Selected data rate of 1 200 or 600 Hz ( ± 0.01 %). 

2. Duty Cycle. 50 ±1%. 

Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising edge of 
TDCLK. 

CLAMPING 

The following clamp is provided with the R1212: 
1 . Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 

RECEIVED LINE SIGNAL DETECTOR 

The high and low channel thresholds are greater than - 45 dBm 
(RLSD on) and less than - 48 dBm (RLSD off) for V.22 and Bell 
21 2A configurations. 

DATA SET READY 

The on condition of the R1212 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits— except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 

1. The modem is not in the talk state, i.e., an associated 
telephone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3. The modem is generating an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell equipment to be engaged. 

DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD Is enabled. 
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R1212 Functional Interconnect Diagram 



DATA TERMINAL READY 

An on condition of DTR prepares tlie modem to be connected 
to the communications channel, and maintains the connection 
established by the DTE (manual answering) or internal 
(automatic answering) means. The off condition places the 
modem in the disconnect state. 



MODES OF OPERATION 

The R1212 is capable of being operated in either a serial or a 
parallel mode of operation. 



SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USART device 
(shown in the diagram above) illustrates this capability. 



CONTROL SELECTION 

Selection of either the serial or parallel control is by means of 
bits ([0,1]:D:7). To enable the parallel control, the bits must be 
set to a one. In either mode, the R1212 is configured by the host 
processor via the microprocessor bus. 

INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 32-byte interface memory. 

HARDWARE SUPERVISORY CIRCUITS 

Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are given in the 
following table. The microprocessor interface was designed to 
be compatible with an 8080, 6500, 6800, and 68000 
microprocessor. 



M 
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R1212 Hardware Supervisory Circuits 


Name 


Type 


Pin No. 


Description 


A. OVERHEAD 


DGND 


G 


5A, 10A, 
3C, 8C 


Digital Ground 


AGND 


G 


31 C, 32C 


Analog Ground 


+ 5VDC 


P 


19C, 23C. 
26C, 30C 


+ 5 Volt Supply 


+ 12VDC 


P 


15A 


+ 12 Volt Supply 


-12VDC 


P 


12A 


-12 Volt Supply 


POR 


OC 


130 


Power-On-Reset 


B. MICROPROCESSOR INTERFACE 


07 


B 


1C 1 






D6 


B 


1A 






D5 


B 


2C 






D4 


B 


2A 




Data Bus (8-Bits) 


D3 


B 


3A 






D2 


B 


4C 






D1 


B 


4A 






DO 


B 


5C 






RS3 




6C " 






RS2 




6A 




Register Select (4-Bits) 


RSI 




70 






RSO 




7A , 






CSO 




IOC 


Chip Select for Bank 


CS1 




9C 


Chip Select for Bank 1 


READ 




120 


Read Enable 


WRITE 




11A 


Write Enable 


IRQ 


OC 


110 


Interrupt Request 


C. V.24 INTERFACE 


XTCLK 


1 


22A 


External Transmit Clock 


TDCLK 





23A 


Transmit Data Clock 


RDCLK 





21A 


Receive Data Clock 


CTS 





250 


Clear-to-Send 


TXD 


1 


240 


Transmit Data 


RXD 





220 


Receive Data 


RLSD 





24A 


Received Line Signal Detector 


DTR 


1 


21C 


Data Terminal Ready 


DSR 





20A 


Data Set Ready 


Rl 





ISA 


Ring Indicator In 


D. ANALOG SIGNA 


LS (R1212M ONLY) 


RXA 


1 


32A 


Receive Analog 


TXA 





31 A 


Transmit Analog 


E. SIGNALS TO DA 


A (R2424M ONLY) 


RD 


1 


27A 


Ring Detect 


RCCT 





28A 


Request Coupler Cut Through 


OCT 


1 


290 


Coupler Cut Through 


OH 





29A 


Off-Hook Relay Control 


F. ANCILLARY FUNCTIONS 


TBCLK 





270 


Transmit Baud Clock 


RBCLK 





26A 


Receive Baud Clock 


TLK 


1 


280 


Talk TLK = Data 


ORG 


1 


16C 


Originate ORG = Answer 


B Bidirectional 




1 Input 




Output 




OC Open Collect 


or 


P Power 




G Ground 
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N 

TCS-*- 
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I 
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I 

>\ -* - TWR 


^ ^ 




|-<-TCH TCS-»- 


^ 


WRITE 

READ 7 \ 
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\ 
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V 


>\ -*- TWDS 
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Microprocessor interface Timing Diagram 



Critical Timing Requirements 



Characteristic 


Symbol 


Min 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TCS 


30 




NS 


Data Access time after Read 


TDA 


- 


140 


NS 


Data hold time after Read 


TDH 


10 


50 


NS 


CSi, RSi hold time after 
Read or Write 


TCH 


10 





NS 


Write data setup time 


TWDS 


75 


- 


NS 


Write data hold time 


TWDH 


10 


— 


NS 


Write strobe pulse width 


TWR 


75 


- 


NS 
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INTERFACE MEMORY 

The R1212 has two banks of 16 registers to which an external 
(host) microprocessor has access. Although these registers are 
within the modem, they may be addressed as part of the host 
processor's memory space. The host may read data out of or 
write data into these registers. These registei-s, as shown in the 
following table, are refered to as Interface memory. 



When information in these registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y (0 or 1), the 
register by Z (0-F), and the bit by Q (0-7, = LSB). A bit is 
considered to be 'on' when set to a one. 



R1212 Interface Memory 





Reg No. 






Reg No. 




Bank 


(HEX) 


Description 


Bank 


(HEX) 


Descrlptlbn 








Do Not Use 







Dial Digit Register 





■■ ■ 1- / 


Do Not Use 




1 


Do Not Use 





2 


Diagnostic Data Real LSB's 




2 


Diagnostic Data Real LSB's 





3 


Diagnostic Data Real MSB's 




3 


Diagnostic Data Real MSB's 





4 


Diagnostic Data Imaginary LSB's 




4 


Diagnostic Data Imaginary LSB's 





5 


Diagnostic Data Imaginary MSB's 




5 


Diagnostic Data Imaginary MSB's 





6 


Do Not Use 




6 


Do Not Use 





7 


Do Not Use 




J 


Do Not Use 





8 


Receiver Status 




8 


Transmitter Status 





9 


Receiver Status 




9 


Configuration 





A 


Configuration 




A 


Configuration 





B 


Configuration 




B 


Configuration 





C 


Configuration 




C 


Configuration 





D 


Configuration 




D 


Configuration 





E 


Handshake Status 




E 


Handshake Status 





F 


Diagnostic Control Register 




F 


Diagnostic Control Register 



The interface memory bits are defined in the following table: 

. Interface Memory Definitions 







Memory 




Name 


Definition 


Location 


Description 


AAE 


Auto Answer Enable 


1:D:4 


When on, AAE causes the modem to automatically answer when a ringing signal 
is present on the line. 


AL 


Analog Loopback 


(0,1):B:0 


When on. AL places the modem in analog loopback. (See Software Diagnostic 
Circuits). 


BUS 


Bus Select 


(0.1) :D: 7 


When on, BUS places the modem in the parallel control mode. When off, the 
modem is configured for the serial control mode. Bus can be in either state to 
configure the modem. 


CHAR 


Character Length Select 


(0,1):C:(3.4) 


These bits select either 8, 9, 10, or 11 bit characters. (See Character Length 
table). 


CRQ 


Call Request 


(0,1) :D: 6 


When on. CRQ places the transmitter in auto dial and the receiver In tone 
detect mode. The data placed in the dial digit buffer is then treated as digits to 
be dialed. After the last digit has been dialed. FF (Hex) should be loaded Into 
the buffer to tell the modem to go to the data state. CRQ in the transmitter 
(Bank 1) when turned off causes the modem to go on-hook. Therefore, it should 
be on for the duration of the call and not turned off until it is desired to go on- 
hook. CRQ In the receiver (Bank 0) must be turned off immediately after 
ringback is detected to put the modem in the data mode, othenA^ise no 
answerback tone will be detected. 


CTS 


Clear-to-Send 


1:8:6 


When on, CTS indicates to the terminal equipment that the modem will transmit 
any data which are present at TXD. 


DATA 


Talk/Data 


1:D:5 


When on, DATA places the modem in data state and when off In the talk state. 



EQ 
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Interface Memory Definitions (Continued) 



Name 


Definition 


Memory 
Location 


Description 


DDEI 


Dial Digit Empty Interrupt 


1:E:2 


When on, DDEI causes an interrupt to occur when the dial digit register (1:0) 
is empty (DDRE = 1). 


DDRE 


Dial Digit Register Empty 


1 :E:0 


When on, DDRE indicates that the dial digit register is empty and can be 
loaded with new digits to be dialed. After the register is loaded, DDRE goes 
off. 


DL 


Digital Loopback (Manual) 


(0,1):A:5 


When on, DL manually places the modem in digital loopback. (See Software 
Diagnostic Circuits). 


DLO 


Data Line Occupied 


1:8:7 


When on, DLO Indicates that the modem is in auto dial, i.e., CRQ is on and 
the modem is off-hook ready to dial. 


DSR 


Data Set Ready 


1:8:5 


When on, DSR indicates that the modem hanshake has begun and that the 
data state will follow. DSR alone should not be used to indicate that the 
communication channel has been completely established. DSR in conjunction 
with CTS and RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used 
for voice communication (talk). 


DSRA 


Data Set Ready In Analog 
Loopbaclc 


1:C:7 


When on, DSRA causes DSR to be on during analog loopback. 


DTMF 


Touch Tones/ 
Pulse Dialing 


1:B:1 


When on, DTMF tells the modem to auto dial using tones. When off the 
modem should dial using pulses. 


DTR 


Data Terminal Ready 


1:D:3 


DTR must be on before the modem will enter the data state, either manually 
or automatically. DTR must also be on in order for the modem to automatically 
answer an incorning call. 


ENSI 


Enable New Status 
Interrupt 


(0,1):E:6 


When on, ENSI causes an interrupt to occur when the status bits in registers 
(0:[8, 91) and (1 :8) are updated. (NEWS = 1) 


ERDL 


Enable Response to 
Remote Digital Loopback 


(0.1):A:7 


When on, ERDL enables the modem to respond tp another modem's remote 
digital loopback request, thus going into loopback. 


GTE 


Guard Tone Enable 


1:B:4 


When on, GTE causes the specified guard tone to be transmitted (CCITT 
Configurations only). 


GTS 


Guard Tone Select 


1:B:3 


When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 


IRQ 


Interrupt Request 


(0.1):E:7 


When on, IRQ indicates that an Interrupt has been generated. 


LCD 


Enable Loss of Carrier 
Disconnect 


0:D:2 


When on, LCD causes the modem to terminate a call when a loss of received 
carrier energy is detected after approximately 350 msec. 


MODE 


Mode Select 


(0,1):A:(0-3) 


These bits select the compatibility at which the modem is to operate. (See 
Mode Select table). 


NEWC 


New Configuration 


(0,1):E:3 


When on, NEWC tells the modem that a new configuration has been written 
into the configuration registers. The modem will then read the configuration 
registers and then reset NEWC. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D]) and (1 :[9-D]). The 
remaining registers do not require the use of NEWC to tell the modem that 
new data was written into them. 


NEWS 


New Status 


(0.1):E:5 


When on, NEWS tells the user that there has been a change of status in the 
status registers. 
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Interface Memory Definitions (Continued) 



Name 




Memory 
Location 


Description 


ORG 


Originate/Answer 


1:9:5 


Wlien on, ORG tells the modem that it is originating a call and when low 
answering a call. This is only valid in manual originate/answer and analog 
loopback. 


RDL 


Initiate Remote Digital 
Loopback 


(0,1)::A:6 


When on, RDL causes the modem to initiate a request for the remote modem 
to go into digital loopback. 


RDLI 


Remote Digital Loopback 
Indicator 


0:8:1 


When on, RDLI indicates that the modem has received an RDL request and is 
in remote digital loopback. 


Rl 


Ring Indicator 


1:8:4 


When on, Rl indicates that a ringing signal is being detected. 


RLSD 


Received Line Signal 
Detector 


0:8:0 


When on, RLSD indicates that the carrier has successfully been received. 
RLSD will not respond to the 550, 1800, 2100, or 2225 Hz tones. 


RSD 


Enable Receive Space 
Disconnect 


0:D:1 


When on, RSD causes the modem to go on-hook after receiving approximately 
1 .6 seconds of continuous spaces. 


SPEED 


Speed Indication 


0:9:(4,5) 


00 « 300 bps 10 = 1200 bps 

01 = 600 bps 


SSD 


Enable Send Space 
Disconnect 


1:D:0 


When on, SSD causes the modem to transmit approximately 4 seconds of 
spaces before disconnecting^ when DTR is turned off. 


ST 


Self Test 


(0,1):A:4 


When on, ST activates self test. ST must be turned off to end the test. (See 
Software Diagnostic Circuits). 


30B 


3 dB Loss to Receive 
Signal 


1:B:2 


When on, 3DB attenuates the received signal 3dB. This is only used if the 
R1212M will see OdBm or greater line signal at the receiver input. Insertion of 
the 3dB loss will then prevent saturation. This bit is not needed with the 
R1212DC. 


TONE 


Tone Detect 


0:8:7 


TONE follows the energy detected in the 340 to 645 Hz frequency band. The 
user must determine which tone is present on the line by determining the duty 
cycle. TONE is active only when CRQ in Bank is on. 


TXCLK 


Transmit Clock Select 


1:C:(5,6) 


TXCLK allows the user to designate the origin of the transmitter data clock. 
(See Transmit Clock table). 



SOFTWARE SUPERVISORY CIRCUITS 

The operation of the I=tl2l2 is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Modem 
operation is monitored by various software flags that are read 
from modem registers using the same microprocessor bus. 

The transmit and receive registers contain many bits which per- 
form identical functions and are located In the same memory 
location only in different banks. Care must be taken to set these 
bits according to the desired function. 

CONFIGURATION REGISTER 

The host processor configures the R1212 by writing a control 
word into the configuration registers in its interface memory 
space as shown in the following tables: 



IVIode 



Configuration 


Configuration Word 


Bell 21 2A 1200 Sync. 


10 


Bell 21 2A 1200 Async. 


1 1 


Bell 212A 300 Async. 


10 


V.22A 1200 Sync. 


1 


V.22B 1200 Async. 


10 1 


V.22A 600 Sync. 


10 10 


V.22B 600 Async. 


10 11 



m 



Character Length 



Configuration 


Configuration Word 


8 bits 

9 bits 

10 bits 

11 bits 




1 

1 

1 1 
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Transmit Clock 



Configuration 


Configuration Word 


Internal 
Not Used 
External 
Slave 




1 

1 

1 1 



Receiver Interface Memory Banic (CSO) 



Bit 
Register 


7 


6 


5 


4 


3 


2 


1 










1 




2 


Diagnostic Data Real Low 


3 


Diagnostic Data Real High 


4 


Diagnostic Data Imaginary Low 


5 


Diagnostic Data Imaginary High 


6 




7 




8 


TONE 










RDLI 


RLSD 


9 






Speed 








A 


ERDL 


RDL 


DL 


ST 


Mode 


B 












AL 


C 






CHAR 








D 


BUS 


CRQ 








LCD 


RSD 




E 


IRQ 


ENSI 


NEWS 




NEWC 








F 


Diagnostic Control Register 



Transmitter Interface Memory Bank 1 (CSI) 



Bit 
Register 


7 


6 


5 


4 


3 


2 


1 








Dial Digit Register 


1 




2 


Diagnostic Data Real Low 


3 


Diagnostic Data Real High 


4 


Diagnostic Data Imaginary Low 


5 


Diagnostic Data Imaginary High 


6 




y 




8 


DLO 


CTS 


DSR 


Rl 




9 






ORG 






A 


ERDL 


RDL 


DL 


ST 


Mode 


B 


TX LEVEL 


GTE 


GTS 


3DB 


DTMF 


AL 





DSRA 


TXCLK 


CHAR 








D 


BUS 


CRQ 


DATA 


AAE 


QTR 






SSD 


E 


IRQ 


ENSI 


NEWS 




NEWC 


DDEI 




DDRE 


F 


Diagnostic Control Register 



AUTO DIAL SEQUENCE 

The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 





LOAD DIAL 
DIGIT INTO 
D.D. REG. 



^/lastnj^j__ 

\DIGITX^ 



LOAD FF 

INTO 
D.D. REG. 



Auto Dial Sequence Flow Diagram 

Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 

DIAGNOSTIC CAPABILITIES 

The R1212 provides the user with access to much of the data 
stored in the modems memories. This data is a useful tool in 
performing certain diagnostic functions. 

RAM ACCESS CODES 

The RAM access codes defined In the table below allow the host 
processor to read diagnostic data from the modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0:F). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0:[2-5]). 

RAM Access Codes Bank 



Function 


Access 


Data Type 


Scrambled Data (Imag. Reg.) 


00 


Real 


Self Test Error Counter (Real Reg.) 


00 


Real 


Equalizer Tap Coefficients 


01-09 


Complex 


Phase Error (Real Reg.) 


OC 


Real 


Rotated Equalizer Output 


OD 


Complex 


(Received Point Eye Pattern) 






Rotated Angle (Imag. Reg.) 


OE 


Real 


Low Pass Filter Output 


40 


Complex 


Input Signal to Equalizer Tap Coefficients 


41-49 


Complex 


Decision Points (Ideal) 


4D 


Complex 


Rotated Error 


4E 


Complex 


Equalizer Output 


4F 


Complex 


Demodulator Output 


52 


Complex 
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TEST 

The specifications for R1212 tests are defined as follows: 

Self tests can be initiated by setting bits ([0,11: A: 4) to a 1. It 
is possible to perform the tests with or without the DTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 

Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0:F). 

Self test end-to-end— Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 

Self test with loop 3— Loop 3 is applied to the modem as 
defined in recommendation V.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In this test DTR is ignored. 

Self test with loop 2— The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 

Loopbacks— Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 

1. Digital Loopback. The R1212 can be manually conditioned 
to loop the received data back to the transmitter by setting 



the DL bits ([0,1]:A:5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE's DTR. 

2. Local Analog Loopback (V. 54 Loop 3). The R1 21 2 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter's analog output is coupled to the 
receiver's analog input at a point near the modem's telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately —16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 21 2A and CCITT 
V.22 bis and V.22). The R1212 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 



POWER-ON INITIALIZATION 

When power is applied to the R1212, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 

The modem automatically defaults to Bell 21 2A 1200 bps, 
answer state using serial start-stop data, 10 bits per character. 

POR can also be used to initialize the user's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 





































NOISE 

SOURCE 

GR1381 

50 KHZ BW 




ATTENUATOR 
HP 350D 






LEVEL 

METER 

HP 3552 A 












































MODEM 
TRANS- 
MITTER 




LINE 
SIMULATOR 




IMPAIRMENT 

SOURCE 
BRADLEY 2A 




ATTENUATOR 
HP 350D 




>; 






MODEM 
RECEIVER 














































ENGINEERING 

MODEM 

CONSOLE 


NOTE 
Signal and noise are measured with 3 kHz flat weighting. 


ENGINEERING 

MODEM 

CONSOLE 




































BER Performance Test Set-up 
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PERFORMANCE 

Whether functioning as a V.22, or Bell 21 2A type modem, and 
regardless of simulated line condition or introduced line impair- 
ment, the R1212 provides unexcelled high performance to the 
user. 

BIT ERROR RATES 

The Bit Error Rate (BER) performance of the R1212 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of -43 dBm. 



INTERFACE CIRCUIT CHARACTERISTICS 

DIGITAL INTERFACE CIRCUITS 

Digital Input Characteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


O.OVto + 0.8V at -2.5 fiA 
+ 2.0V to + 5.0V at +2.5 /tA 


Notes: 

1. The digital inputs are directly TTL/CMOS compatible. The 
capactive loading on each input is 25 pF (maximum). 

2. Positive current is defined as current into the node. 


Digital Output Characteristics 


Output Logic State 


Allowed Output Voltage Levels 


Low 
High 


+ 0.4V at + 1.6 mA 
+ 2.4V at -100/iA 


Notes: 

1 . The digital outputs are directly TTL/CMOS compatible. 
The capactive loading on each output is 50 pF (maximum). 

2. Positive current is defined as current into the node. 



ANALOG INTERFACE CIRCUITS 

TRANSMISSION LINE INTERFACE 

The R1212DC interface to the telephone line is the Tip and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 

The DAA (R1212DC only) is bi-directional as required by 2-wire 
full-duplex circuits. 



Connection to the telephone line interface pins of the R1212DG 
to the network are made via the RJ11 , as shown In the table 
below: 

R1212DC Network Interface 



Connection Type 


Telco 


IMnemonic 


Function 


vsoc 


1 
2 






RJ11 


3 


R 


Ring-one side of 
telephone line 


Jack 


4 

5 
6 


T 


Tip-one side of 
telephone line 



RING INDICATOR 

The R1 21 2 provides a ring indicator (R[) output; its low state 
indicates the presence of a ring signal on the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all_other times when ringing is being received. The operation 
of Ri is not disabled by an off condition on Data Terminal Ready. 

rI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 

RI Response Time 



RI Transition 


Response Time 


Off-to-On 
On-to-Off 


125 ms to 400 ms 
75 ms to 250 ms 



This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal_across Tip and Ring and the subsequent on (off) transi- 
tion RI. 

OH (OFF-HOOK) 

The R1212M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition on OH implies the OH relay is open (I.e., 
the modem is on-hook). The delay between the low-to-high or 
hIgh-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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RD 

RD indicates to the R1212M^an on (low) condition that a 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 

RCCT 

RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCC T goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 

CCT 

An on (low) signal to the CCT lead indicates to the R1212M that 
the data transmission path through the DAA is connected. 



When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in One dB 
steps between - 12 dBm and dBm. (The resistor is selected 
by the telephone company jacic installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). 

INSTALLATION 

IMPORTANT NOTICE TO USER 

The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telephone network. To com- 
ply with the FCC is required: 



AUDIO INTERFACE INPUT IMPEDANCE 

The specifications for the audio interface input impedance are 
given in the following table: 

Audio Interface Input Impedance 



On/Off Hook 


Measurement 


On-Hook (DC) 


The DC resistance between Tip and 
Ring, and between either Tip or Ring 
and signal ground is greater than 
10 megohms for DC voltages up to 
100 volts. 


On-Hook (AC) 


The on-hook AC impedance measured 
between Tip and Ring Is less than 
40Kohms (15.3 Hz minimum). 


Off-Hook (DC) 


Less than 200 ohms. 


Off-Hook (AC) 


600 ohms nominal when measured 
between Tip and Ring. 



TRANSMITTER OUTPUT 

Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed - 12 dBm. 
Several different "connection arrangements" have been 
established (as documented in Part 68) to accomplish this goal. 

When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
-9 dBm. The output level is set at a fixed - 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 



1 . All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

2. It is prohibited to connect the modem to pay telephones or 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone linb is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate FCC 
rules. 

5. The modem contains protective circuitry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: 

• Promptly notify you of the discontinuance. 

• Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product. 

• Unit contains Registered Protective Circuitry which 
complies with Part 68 of FCC Rules. 

• FCC Registration Number: Applied For 

• Ringer Equivalence: 0.5 

Size of the label should be such that all the required infor- 
mation is legible without magnification. 



M 



10-67 



R1212 



1200 bps Full-Duplex Modem 



GENERAL SPECIFICATIONS 

The general specifications for the R1212 are given in the follow- 
ing tables: 



Power Requirements 




Voltage* 


Tolerance 


Current (Max) 


+ 5Vdc 
+ 12Vdc 
-12Vdc 


±5% 
±50/0 
±5% 


<500 ma 

< 10 ma 

< 50 ma 


*AII voltages must have ripple ^0.1 volts peai<-to-peak. 



Environmental 



Parameter 


Specification 


Temperature: 




Operating 


0°Cto +60°C(32to 140°F) 


Storage* 


-40°C to +80°C (-40 to 176°F) 


Relative Humidity: 


Up to 90% noncondensing, or a wet 




bulb temperature up to 35^0. 




whichever is less. 


Altitude: 


-200 to +10,000 feet 


*PCB's are stored in h« 


)at sealed antistatic bags and shipping 


containers. 





Mechanical 



Board Structure: 


Single PC board with right angle 




male DIN connector. 


IVIating Connector: 


Female 3 row 64 pin Euroconnector 




(DIN) with rows A and C populated. 




Recommended mating connector: 




Winchester 96S-6043-0531-1 or 




equivalent. 


PCB Dimensions: 




DC Version 


Width 3.94 in. (100 mm) x Length 




4.725 in. (120 mm) x Height 0.75 




in. (19 mm) 


M Version 


Width 3.94 in. (100 mm) x Length 




3.35 in. (85 mm) x Height 0.40 in. 




(10 mm) 


Weight: 


Less than 0.45 lbs. (0.20 kg.) 
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,156 ±003 
-j-jr-i DIAMETER 
t^JU 4 PLACES 



CO CO 



R1212M 



-2.725- 
- 3.346 - 



MALE 64-PIN 
' DIN CONNECTOR 



CO CO 



.483 



'^KL 



R1212DC 



-2.725- 



-4.100- 



- 4.725 - 



,156 ±.003 
DIAMETER 
6 PLACES 
_ MACE 64-PIN 
DIN CONNECTOR 



-.483 



Inches 


MM 


.119 


3v ;, 


.156 


4 


.483 


12 


2.725 


69 


3.346 


85 


3.700 


94 


3.937 


100 


4.100 


104 


4.725 


120 



Printed Circuit Board Dimensions 
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PRELIMINARY 



INTRODUCTION 



The Rockwell R2424 is a high performance full-duplex 2400 bps 
modem. Using state-of-the-art VLSI and signal processing 
technology, the R2424 provides the user with enhanced perform- 
ance and reliability on a single printed circuit board of less than 
22 square-inches— overall size. 

The R2424 modem is ideal for data transmission over the 2-wire 
dial-up telephone network. The direct-connect, auto dial/answer 
features are specifically designed for remote and central site 
computer applications. The bus interface allows easy integra- 
tion into a personal computer, box modem, microcomputer, ter- 
minal or any other communications product that demands the 
utmost in reliability and performance. 

The added test features, such as local analog loopback, remote 
digital loopback, and a self-test function, offer the user flexibil- 
ity in creating a 2400 bps modem design customized for specific 
packaging and functional requirements. 

Being CCITT V.22 bis, V.22 A, B compatible, as well as Bell 21 2A 
and 103 compatible, this modem fits most applications for full- 
duplex 2400 and 1200 bps fallback (synchronous and asyn- 
chronous) and to 300 bps asynchronous data transmission over 
the general switched telephone network. 



FEATURES 

• CCITT V.22 bis, V.22 A, B Compatible 

• Bell 21 2A and 103 Compatible 

• Synchronous: 2400 bps, 1200 bps, 600 bps ±0.01% 

• Asynchronous: 2400 bps, 1200 bps, 600 bps + 1 %, - 2.5%, 
0-300 bps 

—Character length 8, 9, 10, or 11 bits 

• DTE Interface 

—Functionally: Microprocessor Bus (Control) and RS-232-C 

Interface (Data/Control) 
—Electrically: TTL Compatible 

• Operation: 2-wire full-duplex 

• Adaptive and Fixed Compromize Equalization 

• Test Configurations: 
—Local Analog Loopback 
—Remote Digital Loopback 
—Self Test 

• Auto/Manual Answer 

• Auto/Manual Dial: 
—Tone or Pulse Dial 

• Power Consumption: 3 Watts Typical 

• Power Requirements: -j-5Vdc, ±12Vdc 

• Plug-compatible member of new Rockwell modem line 

• Two Versions: R2424DC (Direct Connect) with FCC approved 
DAA Part 68 Interface and R2424M (Module) without DAA 




R2424 Full-Duplex IVIodem 
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TECHNICAL SPECIFICATIONS 

The following are the technical specifications for the R2424 
modem. 

TRANSMITTER CARRIER AND SIGNALING 
FREQUENCIES 

The transmitter carrier and signaling frequencies are given in 
the following table: 

Transmitter Carrier and Signaling 
Frequencies Specifications 





Specification 


Frequency 


(Hz ±0.01%) 


V.22 bis low Channel, Originate Mode 


1200 


V.22 low channel, Originate Mode 


1200 


V.22 bis high channel. Answer Mode 


2400 


V.22 high channel, Answer Mode 


2400 


Bell 21 2A high channel Answer Mode 


2400 


Bell 21 2A low channel Originate Mode 


1200 


Bell 103/113 Originating Mark 


1270 


Bell 103/113 Originating Space 


1070 


Bell 103/113 Answer Mark 


2225 


Bell 103/113 Answer Space 


2025 



dation, the level of transmitted power for the 1800 Hz guard 
tone should be 6 ± 1 dB below the level of the data power 
in the main channel. The total power transmitted to the line 
should be the same whether or not a guard tone Is enabled. 
If a 553.846 Hz guard tone is used, its transmitted power 
should be 3 ± 1 dB below the level of the main channel power, 
and again the overall power transmitted to the line should 
remain constant whether or not a guard tone is enabled. The 
device accomplishes this by reducing the main channel 
transmit path gain by .97 dB and 1.76 dB for the cases of 
the 1800 Hz and 553.846 Hz guard tones respectively. 
3. DTH^F Tones: The R2424 is capable of generating dual tone 
multi-frequency tones. When the transmission of DTMF tones 
are required, the CRQ and DTMF bits must be set to a i (see 
Interface Memory). When in this mode, the specific DTMF 
tones generated are decided by loading transmit register with 
the appropriate digit as shown in the following table: 



TONE GENERATION 

The specifications for tone generation are as follows: 

1 . Answer Backtones: The R2424 is capable of generating 
echo disabling tones both of the CCITT and Bell versions, 
as follows: 

a. CCITT: 2100 Hz ±15 Hz. 

b. Bell: 2226 Hz ±10 Hz. 

2. Guard Tones: If GTS is low, an 1800 Hz guard tone fre- 
quency is selected; if GTS if high, a 553.846 Hz tone is 
employed. In accordance with the CCITT V.22 Recommen- 







Interface Memory Signals 










Dial 






BCD 


Digits 


Tone Pairs 

















941 1336 













1 


697 1209 













2 


697 1336 












3 


697 1477 





1 








4 


770 1209 





1 







5 


770 1336 





1 







6 


770 1477 





1 






7 


852 1209 













a 


852 1336 












9 


852 1477 












• 


941 1209 











Spare (B) 


697 1633 




1 








Spare (C) 


770 1633 




1 







Spare (D) 


852 1633 




1 







# 


941 1477 




1 






Spare (F) 


941 1633 



Signaling and Data Rates 



Operating Mode 


Signaling Rate (Baud) 


Data Rate 


V.22 bis: 
V.22 bis: 


600 
600 


Synchronous/Asynchronous 
2400 bps ±0.01% 

Synchronous/Asynchronous 
1200 bps ±0.01% 


V.22: 

(Alternative A) 
Mode i 

Mode iii 

(Alternative B) 
Mode i 
Mode iii 

Mode ii 
Mode iv 


600 
600 

600 
600 


1200 bps ±0.01% Synchronous 
600 bps ± 0.01 % Synchronous 

1200 bps ±0.01% Synchronous 
600 bps ± 0.01 % Synchronous 

1200 bps Asynchronous 

8, 9, 10, or 11 Bits Per Character 

600 bps Asynchronous 

8, 9, 10, or 11 Bits Per Character 


Bell 21 2A: 


600 
to 300 


1200 bps ±0.01% 
Synchronous/Asynchronous 
to 300 bps Asynchronous 
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TONE DETECTION 

The R2424 can detect tones in the 340 to 645 Hz band. 

SIGNALING AND DATA RATES 

The signaling and data rates for the R2424 are defined in the 
table below: 



DATA ENCODING 

The specifications for data encoding are as follows: 

1. 2400 bps (V.22 bis). The transmitted data is divided into 
groups of four consecutive bits (quad bits) forming a 16-point 
signal structure. 

2. 7200 bps (V.22 and Bell 21 2A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

3. 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal elements. 



RECEIVE LEVEL 

The receiver circuit of the R2424 satisfies all specified perform- 
ance requirements for the received line signals from - 12 dBm 
to - 45 dBm. The received line signal is measured at the receiver 
analog input RXA. 

RECEIVE TIMING 

The R2424 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 ± 1 % duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a ± 0.01 % 
frequency error in the associated transmit timing source. 



TRANSMIT LEVEL 

The R2424M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R2424M can 
be strapped via the host interface memory to accomplish this. 



EQUALIZERS 

The R2424 provides equalization functions which can be used 
to improve performance when operating over poor lines. 

Automatic Adaptive Equalizer— An automatic adaptive 
equalizer is provided In the receiver circuit for V.22 bis, V.22 
and Bell 21 2A configurations. 

Fixed Compromise Equalizer— Compromise equalizers are pro- 
vided in the transmitter and receiver. 



TRANSMITTED DATA SPECTRUM 

1. V.22 bis. The transmitted line signals (excluding the 
characteristics of the fixed comromise equalizer) have a fre- 
quency amplitude spectrum shaped by the square root of 
75 percent raised cosine filter. The group delay of the 
transmitter output is within ±100 microseconds over the 
frequency ranges 900 to 1500 Hz (low channel) and 2100 to 
2700 Hz (hgh channel). 

2. V.22. After making allowance for the nominal specified com- 
promise equalizer characteristic, the transmitted line signal 
has a frequency spectrum shaped by the square root of a 
75 percent raised cosine filter. Similarly, the group delay of 
the transmitter output is within + 100 microseconds over the 
frequency range 800 to 1600 Hz (low channel) and 2000 to 
2800 Hz (high channel). 

SCRAMBLER/DESCRAMBLER 

The R2424 incorporates a self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 bis, V.22 and 
the Bell 21 2A recommendations. 

RECEIVED SIGNAL FREQUENCY TOLERANCE 

The receiver circuit of the R2424 can adapt to received frequency 
errors of up to ± 7 Hz with less than a 0.2 dBm degradation In 
BER performance. 



Transmit Level 



Configuration Word 


Transmit Level 





dbm 


1 


-2 dbm 


1 


-4 dbm 


11 


-6 dbm 


1 


-8 dbm 


1 1 


-10 dbm 


1 1 


-12 dbm 


1 1 1 


-14 dbm 



PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 

The R2424l\/I transmit level is set to dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 

The R2424DC transmit level is strapped in the permissive mode 
so that the maximum output level is -9.5 dBm ±0.5 dBm. 

TRANSMIT TIMING 

The R2424 provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 2400, 1200 or 600 Hz 
(±0.01%). 

2. Duty Cycle. 50 ±1%. 

Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising edge of 
TDCLK. 

CLAMPING 

The following clamp is provided with the R2424: 
1 . Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 
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P- 



CTS 



TXD 



USART 
(OPTIONAL) 



1 



TDCLK 



XTCLK 



fe 



RLSD 



RXD 



RPCLK 



TBCLK 



I 



Jiikn 

■ j READ 



RBCLK 



HOST 

PROCESSOR 

(DTE) 



WRITE 



DATA BUS (8) 



■►O 



c 



ADDRESS BUS (4) ' 



DECODER 



lo2ii2W> 






POR 



IRQ 

^5_AVs 1 



MODEM 



D(0:7) 
RS(0:3) 



+ 12V 



+ 5V 



GND 



-12V 



p6wer 

SUPPLY 



TXA 



RXA 



LINE 



INTERFACE 



:i 



TELEPHONE 
LINE 



R2424 Functional Interconnect Diagram 



RECEIVED LINE SIGNAL DETECTOR 

The high and low channel thresholds are greater than - 45 dBm 
(RLSD on) and less than -48 dBm (RLSD off) for V.22 bis, V.22 
and Bell 21 2A configurations. 

DATA SET READY 

The on condition of the R2424 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
ail signals appearing on the interchange circuits— except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 

1. The modem is not in the talk state, i.e., an associated 
telephone handset is not In control of the line, 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3. The modem is generating an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell equipment to be engaged. 

DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 

DATA TERMINAL READY 

An on condition of DTR prepares the modem to be connected 
to the communications channel, and maintains the connection 



established by the DTE (manual answering) or internal 
(automatic answering) means. The off condition places the 
modem in the disconnect state. 

MODES OF OPERATION 

The R2424 is capable of being operated in either a serial or a 
parallel mode of operation. 



SERIAL MODE 

The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USART device 
(shown in the diagram above) illustrates this capability. 



CONTROL SELECTION 

Selection of either the serial or parallel control is by means of 
bits ([0,1]:D:7). To enable the parallel control, the bits must be 
set to a one. In either mode, the R2424 is configured by the host 
processor via the microprocessor bus. 



INTERFACE CRITERIA 

The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
bits in a 32-byte interface memory. 
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R2424 Hardware Supervisoiy Circuits 


Name { Type 


Pin No. 1 Description 


A. OVERHEAD 


DGND 


G 


5A, 10A, 
30, 80 


Digital Ground 


AGND 


G 


31 C, 320 


Analog Ground 


+ 5VDC 


P 


19C, 230, 
260, 30C 


+ 5 Volt Supply 


+ 12 VDC 


P 


15A 


+ 12 Volt Supply 


-12 VDC 


P 


12A 


-12 Volt Supply 


POR 


OC 


130 


Power-On-Reset 


B. MICROPROCESSOR INTERFACE 


D7 


B 


10 1 






D6 


B 


1A 






D5 


B 


20 






D4 


B 


2A 


^ 


Data Bus (S-Bits) 


D3 


B 


3A 






D2 


B 


40 






D1 


B 


4A 






DO 


B 


50 i 




RS3 




60 




RS2 




6A . 


Register Select (4-Bits) 


RSI 




7C 




RSO 




7A J 




CSO 




IOC 


Chip Select for Bank 


CS1 




90 


Chip Select for Bank 1 


READ 




120 


Read Enable 


WRITE 




11A 


Write Enable 


IRQ 


OC 


110 


Interrupt Request 


C. V.24 INTERFACE 


XTGLK 


1 


22A 


External Transmit Clock 


TDCLK 





23A 


Transmit Data Clock 


RDCLK 





21A 


Receive Data Clock 


CTS 





25C 


Clear-to-Send 


TXD 


1 


240 


Transmit Data 


RXD 





220 


Receive Data 


RLSD 





24A 


Received Line Signal Detector 


DTR 


1 


210 


Data Terminal Ready 


DSR 





20A 


Data Set Ready 


Rl 





18A 


Ring Indicator In 


D. ANALOG SIGNA 


LS (R2424M ONLY) 


RXA 


1 


32A 


Receive Analog 


TXA 





31A 


Transmit Analog 


E. SIGNALS TO Dfi 


A (R2424M ONLY) 


RD 


1 


27A 


Ring Detect 


RCCT 





28A 


Request Coupler Cut Through 


OCT 


1 


290 


Coupler Cut Through 


OH 





29A 


Off-Hook Relay Control 


F. ANCILLARY FUNCTIONS 


TBCLK 





270 


Transmit Baud Clock 


RBCLK 





26A 


Receive Baud Clock 


TLK 


1 


28C 


Talk TLK = Data 


ORG 


1 


160 


Originate ORG = Answer 


B Bidirectional 




1 Input 




Output 




OC Open Collect 


or 


P Power 




G Ground 





HARDWARE SUPERVrSORY CIRCUITS 

Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are given in the 
following table. The microprocessor interface was designed 
to be compatible with an 8080, 6500, 6800, and 68000 
nnicroprocessor. 



TCS-»- 



READ 



WRITE 




WRITE 



READ 



TDA-»- 



Di 
(i = 0-7)- 




-*-TCH TCS-*- 



u^ 



*-TDH -»- 



O — Or 

— Hh-TWDH 



-TCH 



TWR 



•TWOS 



Microprocessor interface Timing Diagram 



Critical Timing Requirements 



Characteristic 


Symbol 


IMin 


Max 


Units 


CSi, RSi setup time prior 
to Read or Write 


TOS 


30 


_ 


NS 


Data Access time after Read 


TDA 


— 


140 


NS 


Data hold time after Read 


TDH 


10 


50 


NS 


CSi, RSi hold time after 
Read or Write 


TCH 


10 





NS 


Write data setup time 


TWOS 


75 


— 


NS 


Write data hold time 


TWDH 


10 


— 


NS 


Write strobe pulse width 


TWR 


75 


— 


NS 
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INTERFACE MEMORY 

The R2424 has two banks of 16 registers to which an external 
(host) microprocessor has access. Although these registers are 
within the modem, they may be addressed as part of the host 
processor's memory space. The host may read data out of or 
write data into these registers. These registers, as shown in the 
following table, are refered to as interface memory. 



When information in these registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y (0 or 1), the 
register by Z (0-F), and the bit by Q (0-7, = LSB). A bit Is 
considered to be 'on' when set to a one. 



R^424 interface Memory 





Reg No. 






Reg No. 




Bank 


(HEX) 


Description 


Bank 


(HEX) 


Description 








Do Not Use 







Dial Digit Register 





1 


Do Not Use 




1 


Do Not Use 





2 


Diagnostic Data Real LSB's 




2 


Diagnostic Data Real LSB's 





3 


Diagnostic Data Real MSB's 




3 


Diagnostic Data Real MSB's 





4 


Diagnostic Data Imaginary LSB's 




4 


Diagnostic Data Imaginary LSB's 





5 


Diagnostic Data Imaginary MSB's 




5 


Diagnostic Data Imaginary MSB's 





6 


Do Not Use 




6 


Do Not Use 





7 


Do Not Use 




7 


Do Not Use 





8 


Receiver Status 




8 


Transmitter Status 





9 


Receiver Status 




9 


Configuration 





A 


Configuration 




A 


Configuration 





B 


Configuration 




B 


Configuration 





G 


Configuration 




C 


Configuration 





D 


Configuration 




D 


Configuration 





E 


Handshake Status 




E 


IHandshake Status 





F 


Diagnostic Control Register 




F 


Diagnostic Control Register 



The interface memory bits are defined in the following table: 

Interface Memory Definitions 







Memory 


' :', ' " 


Name 


Definition 


Location 


Description 


AAE 


Auto Answer Enable 


i:D:4 


When on, AAE causes the modem to automatically answer when a ringing signal 
is present on the line. 


AL 


Analog Loopback 


(0,1): B:0 


When on, AL places the modem in analog loopback. (See Software Diagnostic 
Circuits.) 


BUS 


Bus Select 


(0.1):D:7 


When on, BUS places the modem In the parallel control mode. When off, the 
modem is configured for the serial control mode. BUS can be in either state to 
configure the modem. 


CHAR 


Character Length Select 


(0,1):C:(3,4) 


These bits select either 8, 9, 10, or 11 bit characters. (See Character Length 
table.) 


CRQ 


Call Request 


(0,1): D: 6 


When on, CRQ places the transmitter in auto dial and the receiver In tone 
detect mode. The data placed in the dial digit bufferls then treated as digits to 
be dialed. After the last digit has been dialed, FF (Hex) should be loaded into 
the buffer to tell the modem to go to the data state. CRQ in the transmitter 
(Bank 1) when turned off causes the modem to go on-hook. Therefore. It should 
be on for the duration of the call and not turned off until It is desired to go on- 
hook. CRQ in the receiver (Bank 0) muSt be turned off immediately after 
ringback is detected to put the modem in the data mode, othenwise no 
answerback tone will be detected. 


CIS 


Clear-to-Send 


1:8:6 


When on, CTS indicates to the terminal equipment that the modem will transmit 
any data which are present at TXD. 


DATA 


Talk/Data 


1:D:5 


When on, DATA places the modem in data state and when off in the talk state. 


DDEI 


Dial Digit Empty Interrupt 


1;E:2 


When on, DDP causes an interrupt to occur when the dial digit register (1 :0) is 
empty (DDRE = 1). 


DDRE 


Dial Digit Register Empty 


1:E:0 


When on, DDRE indicates that the dial digit register is empty and can be loaded 
with new digits to be dialed. After the register is loaded, DDRE goes off. 
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Interface Memory Definitions (Continued) 



Name 


Definition 


Memory 
Location 


Description 


DL 


■ 
Digital Loopbacl( (Manual) 


(0,1):A:5 


When on, DL manually places the modem in digital loopback. (See Software 
Diagnostic Circuits.) 


DLO 


Data Line Occupied 


1:8:7 


When on, DLO indicates that the modem is in auto dial, i.e., CRQ is on and 
the modem is off-hook ready to dial. 


DSR 


Data Set Ready 


1:8:5 


When on, DSR indicates that the modem hanshake has begun and that the 
data state will follow. DSR alone should not be used to indicate that the 
communication channel has been completely established. DSR in conjunction 
with GTS and RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used 
for voice communication (talk). 


DSRA 


Data Set Ready In Analog 
Loopback 


1:C:7 


When on, DSRA causes DSR to be on during analog loopback. 


DTMF 


Touch Tones/ 
Pulse Dialing 


1:B:1 


When on, DTMF tells the modem to auto dial using tones. When off the 
modem should dial using pulses. 


DTR 


Data Terminal Ready 


1:D:3 


DTR must be on before the modem will enter the data state, either manually 
or automatically. DTR must also be on in order for the modem to automatically 
answer an incoming call. 


ENSI 


Enable New Status 
Interrupt 


(0,1):E:6 


When on, ENSI causes an interrupt to occur when the status bits in registers 
(0:18, 9]) and (1:8) are updated. (NEWS=1) 


ERDL 


Enable Response to 
Remote Digital Loopback 


(0.1):A:7 


When on, ERDL enables the modem to respond to another modem's remote 
digital loopback request, thus going into loopback. 


GTE 


Guard Tone Enable 


1:8:4 


When on, GTE causes the specified guard tone to be transmitted (CCITT 
Configurations only). 


GTS 


Guard Tone Select 


1:B:3 


When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 


IRQ 


Interrupt Request 


(0,1): E:7 


When on, IRQ indicates that an interrupt has been generated. 


LCD 


Enable Loss of Carrier 
Disconnect 


0:D:2 


When on, LCD causes the modem to terminate a call when a loss of received 
carrier energy is detected after approximately 350 msec. 


MODE 


Mode Select 


(0,1):A:(0-3) 


These bits select the compatibility at which the modem is to operate. (See 
Mode Select table). 


NEWC 


New Configuration 


(0,1):E:3 


When on, NEWC tells the modem that a new configuration has been written 
into the configuration registers. The modem will then read the configuration 
registers and then reset NEWC. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D]) and (1 :[9-D]). The 
remaining registers do not require the use of NEWC to tell the modem that 
new data was written into them. 


NEWS 


New Status 


(0,1):E:5 


When on, NEWS tells the user that there has been a change of status in the 
status registers. 


ORG 


Originate/Answer 


1:9:5 


When on, ORG tells the modem that it is originating a call and when low 
answering a call. This is only valid in manual originate/answer and analog 
loopback. 


RDL 


Initiate Remote Digital 
Loopback 


(0,1)::A:6 


When on, RDL causes the modem to initiate a request for the remote modem 
to go into digital loopback. 
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Interface Memory Definitions (Continued) 



Name 


Definition 


IMemory 
Location 


Deecrlption 


RDLI 


Remote Digital Loopback 
Indicator 


0:8:1 


When on, RDLI indicates that the modem has received an RDL request and is 
in remote digital loopback. 


Rl 


Ring Indicator 


1:8:4 


When on, Rl Indicates that a ringing signal is being detected. 


RLSD 


Received Line Signal 
Detector 


0:8:0 


When on, RLSD indicates that the carrier has successfully been received, 
RLSD will not respond to the 550, 1800, 2100, or 22?5 Hz tones. 


RSD 


Enable Receive Space 
Disconnect 


0:D:1 


When on, RSD causes the modem to go on-hook after receiving approximately 
1 .6 seconds of continuous spaces. 


SPEED 


Speed Indication 


0:9: (4,5) 


00 = 300 bps 10 = 1200 bps 

01 =600 bps 11=2400b(5S 


SSD 


Enable Send Space 
Disconnect 


1:D;0 


When on, SSD causes the modem to transmit approximately 4 seconds of 
spaces before disconnecting, when DTR is turned off. 


ST 


Self Test 


(0,1): A: 4 


When on, ST activates self test. ST must be turned off to end the test. (See 
Software Diagnostic Circuits.) 


3DB 


3 dB Loss to Receive 
Signal 


1:B:2 


When on, 3DB attenuates the received signal 3dB. This is only used if the 
R2424M will see OdBm or greater line signal at the receiver input. Insertion of 
the 3dB loss will then prevent saturation. This bit is not needed with the 
R2424DC. 


TONE 


Tone Detect 


0:8:7 


TONE follows the energy detected in the 340 to 645 Hz frequency band. The 
user must determine which tone is present on the line by determining the duty 
cycle. TONE is active only when CRQ in Bank is on. 


TXCLK 


Transmit Clock Select 


1:C:(5,6) 


TXCLK allows the user to designate the origin of the transmitter data clock. 
(See Transmit Clock table.) 



SOFTWARE SUPERVISORY CIRCUITS 

The operation of the R2424 Is affected by a number of software 
control Inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Modem 
operation is monitored by various software flags that are read 
from modem registers using the same microprocessor bus. 

The transmit and receive registers contain many bits which per- 
form identical functions and are located in the same memory 
location only in different banks. Care must be taken to set these 
bits according to the desired function. 



Mode 



Configuration 


Configuration Word 


Beli 21 2A 1200 Sync. 


10 


Bell 21 2A 1200 Async. 


11 


Bell 21 2A 300 Async. 


10 


V.22A 1200 Sync, 


10 


V.22B 1200 Async. 


10 1 


V.22A 600 Sync. 


10 10 


V.22B 600 Async. 


10 11 


V.22 bis 2400 Sync. 


110 


V.22 bis 2400 Async. 


110 1 


V.22 bis 1200 Sync. 


1110 


V.22 bis 1200 Async. 


1111 



CONFIGURATION REGISTER 

The host processor configures the R2424 by writing a control 
word into the configuration registers in its interface memory 
space as shown in the following tables: 



Cliaracter Lengtii 



Configuration 


Configuration Word 


8 bits 

9 bits 

10 bits 

11 bits 



1 

■ ^'1 O'^-'^'"' 

'■ t. 1 
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Transmit Clock 



Configuration 


Configuration Word 


Internal 
Not Used 
External 
Slave 




1 

1 

1 1 



Receiver Interface Memory Bank (CSO) 



Bit 



Register 



Diagnostic Data Real Low 



Diagnostic Data Real High 



Diagnostic Data Imaginary Low 



Diagnostic Data Imaginary High 



TONE 



ERDL RDL DL ST 



Speed 



BUS 



CRQ 



IRQ ENSI NEWS 



RDLI RLSD 



Mode 



CHAR 



NEWC 



LCD 



RSD 



AL 



Diagnostic Control Register 



Transmitter Interface Memory Bank 1 (CSI) 




Bit 
Register 


7 


6 


5 


4 


;,;3- :; 


2 


1 








Dial Digit Register 


1 




2 


Diagnostic Data Real Low 


3 


Diagnostic Data Real High 


4 


Diagnostic Data Imaginary Low 


5 


Diagnostic Data Imaginary High 


6 




7 




8 


DLO 


CTS 


DSR 


Rl 




9 






ORG 






A 


ERDL 


RDL 


PL 


ST 


Mode 


B 


TX LEVEL 


GTE 


GTS 


3DB 


DTMF 


AL 


C 


DSRA 


TXCLK 


CHAR 











BUS 


CRQ 


DATA 


AAE 


DTR 






SSD 


E 


IRQ 


ENSI 


NEWS 




NEWC 


DDEI 




DDRE 


F 


Diagnostic Control Register 



AUTO DIAL SEQUENCE 

The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 



SET DTMF 
1 = TONES 
= PULSES 



CRQ = 1 



DTR = 1 






N. 


LOAD DIAL 
DIGIT INTO 
D.D. REG 





^^^ST V N 
\DIGIT/ 

3L 



LOAD FF 

INTO 
D.D. REG. 



Auto Dial Sequence Flow Diagram 

Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 

DIAGNOSTIC CAPABILITIES 

The R2424 provides the user with access to much of the data 
stored in the modems memories. This data is a useful tool in 
performing certain diagnostic functions. 

RAM ACCESS CODES 

The RAM access codes defined in the table below allow the host 
processor to read diagnostic data from the modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0:F). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0:[2-5]). 

RAM Access Codes Bank 



Function 


Access 


Data Type 


Scrambled Data (Imag. Reg.) 


00 


Real 


Self Test Error Counter (Real Reg.) 


6o 


Real 


Equalizer Tap Coefficients 


01-09 


Complex 


Phase Error (Real Reg.) 


OC 


Real 


Rotated Equalizer Output 


OD 


Complex 


(Received Point Eye Pattern) 






Rotated Angle (Imag. Reg.) 


OE 


Real 


Low Pass Filter Output 


40 


Complex 


Input Signal to Equalizer Tap Coefficients 


41-49 


Complex 


Decision Points (Ideal) 


4D 


Complex 


Rotated Error 


4E 


Complex 


Equalizer Output 


4F 


Complex 


Demodulator Output 


52 


Complex 
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TEST 

The specifications for R2424 tests are defined as follows: 

Self tests can be initiated by setting bits ([0,1]: A: 4) to a 1. It 
is possible to perform the tests with or without the DTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 

Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0:F). 

Self test end-to-end— Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 



the DL bits ([0,1]: A: 5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as In the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE's DTR. 

Local Analog Loopback(V.54 Loop 3). The R2424 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter's analog output Is coupled to the 
receiver's analog input at a point near the modem's telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately — 16 dBm attenuation. 

Remote Digital Loopback (V.54 Loop 2) (Bell 21 2A and CCITT 
V.22 bis and V.22). The R2424 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 



Self test with loop 3— Loop 3 is applied to the modem as 
defined in recommendation V.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In this test DTR is ignored. 

Self test with loop 2— The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test Is activated and DCE operation is as in the end- 
to-end test. 

Loopbacks— Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 

1 . Digital Loopback. The R2424 can be manually conditioned 
to loop the received data back to the transmitter by setting 



POWER-ON INITIALIZATION 

When power is applied to the R2424, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 

The modem automatically defaults to V.22 bis 2400 bps, answer 
state using serial start-stop data, 10 bits per character. 

POR can also be used to initialize the user's host processor. 
It may be connected to a user supplied power-on-reset signal 
In a wire-or configuration. 





































NOISE 

SOURCE 

GR1381 

50 KHZ BW 




ATTENUATOR 
HP 350D 






LEVEL 

METER 

HP 3552A 












































MODEM 
TRANS- 
MITTER 




LINE 
SIMULATOR 




IMPAIRMENT 

SOURCE 
BRADLEY 2A 




ATTENUATOR 
HP350D 




r, 






MODEM 
RECEIVER 














































ENGINEERING 

MODEM 

CONSOLE 


NOTE 
Signal and noise are measured with 3 kHz flat weighting. 


ENGINEERING 

MODEM 

CONSOLE 



































m 



BER Performance Test Set-up 
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PERFORMANCE 

Whether functioning as a V.22 bis, V.22, or Bell 21 2A type 
modem, and regardless of simulated line condition or introduced 
line impairment, the R2424 provides unexcelled high perform- 
ance to the user. 



BIT ERROR RATES 

The Bit Error Rate (BER) performance of the R2424 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of -43 dBm. 



INTERFACE CIRCUIT CHARACTERISTICS 

DIGITAL INTERFACE CIRCUITS 

Digital Input Characteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


O.OVto +0.8Vat -2.5^ 
+ 2.0V to +5.0Vat +2.5/tA 


Notes: 

1 . The digital inputs are directly TTL/CMOS compatibte. The 
capactive loading on each input is 25 pF (maximum). 

2. Positive current Is defined as current into the node. 


Digital Output Characteristics 


Output Logic State 


Allowed Output Voltage Levels 


Low 
High 


+ 0.4V at + 1.6 mA 
+ 2.4V at -100 /xA 


Notes: 

1. The digital outputs are directly TTL/CMOS compatible. 
The capactive loading on each output is 50 pF (maximum). 

2. Positive current Is defined as current into the node. 



ANALOG INTERFACE CIRCUITS 



TRANSMISSION LINE INTERFACE 

The R2424DC interface to the telephone line is the Tip and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 

The DAA (R2424DC 0A7/y) is bi-directional as required by 2-wire 
full-duplex circuits. 



Connection to the telephone line interface pins of the R2424DC 
to the network are made via the RJ11, as shown in the table 
below: 

R2424DC Network Interface 



Connection Type 


Telco 


Mnemonic 


Function 


vsoc 


1 
2 






RJ11 


3 


R 


Ring-one side of 
telephone line 


Jack 


4 

6 
6 


T 


Tip-one side of 
telephone line 



RING INDICATOR 

The R2424 provides a ring indicator (Rl) output; its low state 
indicates the presence of a ring signal on the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all_other times when ringing is being received. The operation 
of Rl is not disabled by an off condition on Data Terminal Ready. 

rI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 

Rl Response Time 



Rl Transition 


Response Time 


Off-to-On 
On-to-Off 


1 25 ms to 400 ms 
75 ms to 250 ms 



This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal_across Tip and Ring and the subsequent on (off) transi- 
tion Rl. 

OH (OFF-HOOK) 

The R2424M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition on OH implies the OH relay is open (i.e., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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RD 

RD indicates to the R2424M ^ an on (low) condition that a 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 

RCCT 

RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCC T goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 

CCT 

An on (low) signal to the CCT lead indicates to the R2424M that 
the data transmission path through the DAA is connected. 



AUDIO INTERFACE INPUT IMPEDANCE 

The specifications for the audio interface input impedance are 
given in the following table: 

Audio Interface Input Impedance 



On/Off Hook 


Measurement 


On-Hook (DC) 


The DC resistance between Tip and 
Ring, and between either Tip or Ring 
and signal ground is greater than 
10 megohms for DC voltages up to 
100 volts. 


On-Hook (AC) 


The on-hook AC impedance measured 
between Tip and Ring is less than 
40K ohms (15.3 Hz minimum). 


Off-Hook (DC) 


Less than 200 ohms. 


Off-Hook (AC) 


600 ohms nominal when measured 
between Tip and Ring. 



TRANSMITTER OUTPUT 

Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed - 12 dBm. 
Several different "connection arrangements" have been 
established (as documented in Part 68) to accomplish this goal. 

When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
- 9 dBm. The output level is set at a fixed - 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 



When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor Installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
steps between - 12 dBm and dBm. (The resistor is selected 
by the telephone company jack installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). 



INSTALLATION 

IMPORTANT NOTICE TO USER 

The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telephone network. To com- 
ply with the FCC regulations the following is required: 

1. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

2. It is prohibited to connect the modem to pay telephones or 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate FCC 
rules. 

5. The modem contains protective circuitry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: 

• Promptly notify you of the discontinuance. 

• Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product. 

• Unit contains Registered Protective Circuitry which 
compiles with Part 68 of FCC Rules. 

• FCC Registration Number: Applied For 

• Ringer Equivalence: 0.5 

Size of the label should be such that all the required infor- 
mation is legible without magnification. 



M 
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GENERAL SPECIFICATIONS 

Power Requirements 



Voltage* 


Tolerance 


Current (Max) 


+ 5 Vdc 
+ 12 Vdc 
-12 Vdc 


±5% 
±5% 
±5% 


<500 ma 

< 10 ma 

< 50 ma 


*AII voltages must have ripple <0.1 volts peak-to-peak. 



Environmental 



Parameter 


Specification 


Temperature: 




Operating 


0°Cto +60<>C(32to140*'F) 


Storage* 


-40°C to + sec (-40 to 176°F) 


Relative Humidity: 


Up to 90% noncondensing, or a wet 




bulb temperature up to 35°C, 




whichever is less. 


Altitude: 


-200 to +10,000 feet 


*PCB'& are stored in heat sealed antistatic bags and shipping j 


containers. 


-1 



IMechahical 




Board Structure: 


Single PG board with right angle 




male DIN connector. 


Mating Connector: 


Female 3 row 64 pin Euroconnector 




(DIN) with rows A and C populated. 




Recommended mating connector: 




Winchester 96S-6043-0531-1 or 




equivalent. 


PCS Dimensions: 




DC Version 


Width 3.94 in. (100 mm) x Length 




4.725 in. (120 mm) x Height 0.75 




in. (19 mm) 


M Version 


Width 3.94 in. (100 mm) x Length 




3.35 in. (85 mm) x Height 0.40 in. 




(10 mm) 


Weight: 


Less than 0.45 lbs. (0.20 kg.) 



10-82 



R2424 



2400 bps Full-Duplex Modem 



.156 ±.003 
-j-^ DIAMETER 
T^p-i-. 4 PLACES 




MALE 64-PIN 
DIN CONNECTOR 



'^KL 



R2424DC 



-2.725- 



-4.100- 



.156 ±.003 
DIAMETER 
6 PLACES 
_ MALE 64-PIN 
DIN CONNECTOR 



.483 



Inches 


MM 


.119 


3 


.156 


4 


.483 


12 


2.725 


69 


3.346 


85 


3.700 


94 


3.937 


100 


4.100 


104 


4.725 


120 



Printed Circuit Board Dimensions 
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INTRODUCTION 

The Rockwell R24DC is a high performance synchronous serial 
2400 bps DPSK modem. Extensively utilizing MOS/LSI technol- 
ogy with registered protective circuitry, the R24DC is ideally 
suitable for direct connection to the domestic switched network 
or two-wire private lines. Performance and versatility are enhanced 
while cost and size are reduced by the on-board Rockwell 
PPS-4/1 One Chip Microcomputer 

Having Bell 201 C and GCITT V.26 bis compatibility, the R24DC 
offers the user a high performance 2400 bps modem that is FCC 
registered for direct connection to the dial-up network. No 
re-registration of OEM equipment is required when the simple 
installation instructions, supplied with the R24DC, are followed. 
OEM's can easily incorporate this single (5" x 8") card Into their 
computer terminals, communication networks, PABX equipment, 
data concentrators, stand-alone box modems or almost any 
application where reliable data communication Is required. 



FEATURES 

• High Performance; Low Cost 

• LSI High Density; Low Power 

• Microcomputer Controlled Line Connect/Disconnect Sequence; 
Low Component Count 
Bell 201 C. CCITT V.26 bis Compatible 
Half Duplex (2-Wire) Operating Mode 
2400 BPS Data Rate 
Auto or Manual Answer 
^uto or Manual Dial Through (Pulse Dialing) 
Automatic Answer Back Tone Generation upon Auto Answer 
Direct Connect to Switched Network 
Programmable or Permissive Connection Arrangement 
Local Analog Loopback Test Mode 
Compromise Equalizer (Strap Selectable) 
Scrambler/Descrambler Facility (Selectable) 
Line Current Sensing (Selectable) 

DTE Interfacie LSTTL/CMOS Compatible Levels, RS-232-C 
Functions 

External Transmit Data Clock Tracking 
Power Requirements, ±12V, +5V 
Typical Power Consumption 3 Watts 
Diagnostic Outputs Available for Eye Pattern and Data Quality 
Monitor 
15 Second Abort Timer (Selectable) 




R24DCModem 



Document No. 29200N02 
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FUNCTIONAL SPECIFICATIONS 



n^K 



fW 



COMPROMISE 
EQUALIZER 



X-MIT 
OUTPUT 
FILTER 



XMITTR 

OSC 
DIVIDER 



^ AGO 

^ T AMP 

O ' 1— 

QIN 1 



CARRIER 
DETECT 
CKTRY 



REC 

OSC 

DIVIDER 



OUTPUT 

LEVEL 

CONTROL 

NETWORK 



PPS 4/1 
MICRO- 
PROCESSOR 
DEVICE 
<A7552) 



X-MIT 
OAC 



TRANSMITTER 
DEVICE 
MOS/LSI 



IE 



TL 



RECEIVER 
DEVICE 
MOS/LSI 
(11043) 



1 



SAMPLE 
AND 

HOLD/ 
OAC 



DECISION 
DEVICE 
MOS/LSI 



DIAGNOSTICS 

A 

SYC 

RCVDS 

DCP 



DTE INTERFACE CONNECTOR 



R24DC Functional Block Diagram 



Transmitter Carrier Frequency — 1800 Hz ±0.01% 

Echo Suppression and Answering Tone Frequencies — 

2100 Hz ±0.01% or 2025 Hz ±0.01%. 

Received Signal Frequency Tolerance — The receiver can 
adapt to received frequency errors up to ± 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 

Data Signaling and Modulation Rate — The normal signaling 
rate is 1200 baud ± 0.01%, and a data rate of 2400 bps ± 0.01%. 
The fallback signaling rate is 1200 baud ±0.01%, and a data 
rate of 1200 bps ±0.01%. 

Transmitted Data Spectrum — The transmitted spectrum's 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The out of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC's regula- 
tions, and typically exceed the requirements of International 
regulatory bodies as well. 

Data Encoding (DPSK) — At 2400 bps, differential 4-phase 
modulation is employed. The data stream to be transmitted is 



divided Into pairs of consecutive bits (dibits). Each dibit is 
encoded as a phase change relative to the phase of the immedi- 
ately preceding signal element. Two alternative arrangements 
of coding are possible (In accordance with CCITT Recommen- 
dations V.26 and V.26 bis) as shown in the following chart. 



ALTERNATIVE A 




ALTERNATIVE B 



+45° +135° +225° +315° 



Reference Line Signal Diagram (V.26 A&B) 

At 1200 bps, differentiar 2-phase modulation is employed. Each 
bit to be transmitted is encoded as a phase change relative to 
the phase of the iirimediately preceding signal element. The 
encoding is in accordance with CCITT Recommendation V.26 
bis as shown in the following chart. 



2400 BPS 


DIBIT 


PHASE CHANGE 


V.26A 


V.26B/Bell201 



01 

1 1 

1 


0° 

+90*" 

+180*^ 

+270° 


+45° 
+135° 
+225° 
+315° 



1200 BPS 


BIT 


PHASE CHANGE 



1 


+90° 
+270° 




Turn On Sequences ■— A total of six selectable turn on 
sequences can be generated by the transmitter of the R24DC, 
as shown in the following chart. 
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TYPE OF 

LINE 
SIGNAL 


SEGMENT 1 


SEGMENT 2 


TOTAL OF 

SEGMENTS 

1,2 


COMMENTS 


TURN-ON 

SEQUENCE 

NUMBER 


CONTINUOUS 

UNSCRAMBLED 

ONES 


continuous 
scrambledi 

ONES 


NOMINAL 

TOTAL 

TURN ON 

SEQUENCE 

TIME2 


• 1. ;■■■ 

2 

4 

5 ■ ■. 
6 


90 ms 

8.33 ms 
148.3 ms 

8.33 ms 
220 ms^ 

8.33 ms 


ms 
81.67 ms 

ms 
140 ms 

ms 
211.7 ms 


90 ms 
90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 


V.26, V.26 bis 
(scrambler inserted) 
8611201 C 

(scrambler inserted) 
V.26 bis 
(scrambler inserted) 


As is evident from the above for those turn-on sequences for which the scrambler is inserted, the transmitted line signal corresponds to a 
continuous"one", unscrambled, for 8.33 ms-ten baud (symbol) intervals - followed by the transmission of a continuous "one", scrambled, 
for the remainder of the turn-on sequence. 



Turn Off Sequence — When the R24DC transmitter has been 
sending data and Request-to-Send is turned off, any remaining 
data bit information is transmitted within 6 miiliseconds. 

Response Times of Clear-to-Send — The Clear-to-Send 
response times are determined by the selected configuration 
of the R24DC and its associated turn-on sequence, as shown 
in the following chart 



TURN-ON 

SEQUENCE 

NUMBER 


CLEAR-TO-SEND 
RESPONSE TIMES^ 


COMMENTS 


OFF-TO-ON 


ON-TO-OFF 


1 
2 
3 
4 
5 
6 


90 ms. 

90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 


ms 
ms 
ms 
ms 
ms 
ms 


V.26bis 

V.26 bis w/scrambler 

Bell201C 

Bell 201 C w/scrambler 

V.26 bis 

V.26 bis w/scrambler 


The tolerance on each Off-to-On and On-to-Off response time is 
(+3.4,-0.1) ms. 



Scrambler/Descrambler — The R24DC Incorporates a self- 
synchronizing scrambler/descrambler. This feature is enabled 
by a discrete digital input. 

Carrier Detection — The receiver circuit of the R24DC contains 
a received line signal detector which indicates the presence of 
energy at the receiver input above a certain threshold for a mini- 
mum amount of time. 

Carrier Detect Thresholds 



Received Level 


Carrier Detect 


Greater than -43 dBm 
Less than -48 dBm 


On (Line signal present) 
Off (Line signal not present) 


Carrier Detect Response Time 


Carrier Detect Transition 


ResponseTime 


Off-to-On 
On-to-Off" 


14i1ms 
8±3ms 



Clamping — The following clamps are provided: 

1. Received Data. The Received Data output is clamped to 
a mark when Carrier Detect is off. This action prevents 
disturbances on the line from getting through the receiver 
circuit to the data output. 

2. Carrier Detect Clamp. The Carher Detect output is clamped 
off (squelched) during the time when Request-to-Send is on. 
An option extends this clamp for 1 48 ms beyond transitioning 
off; thus providing echo protection. 

3. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any disturb- 
ances from propagating through the receiver circuit to the 
receive clock output. 

Equalizer — The R24DC contains a fixed compromise delay 
equalizer, which can be used to improve performance over the 
domestic switched network. The equalizer may optionally be 
positioned in the receiver, or removed entirely, by means of a 
jumper plug. The equalizer has a nominally flat 0.0 dB amplitude 
response. 

Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error would 
be represented as a space for the duration of an incorrect bit. 

Receive Level — The R24DC receives line signals from to 
-43 dBm. 

Transmit Timing — The R24DC generates a Transmit Clock 
having the following characteristics: Frequency — 2400 Hz 
±0.p1o/p (1200 Hz ±0.01% in fallback mode), duty cycle — 50 
±1%. The R24DC is also optionally capable of tracking an 
External Transmit Clock supplied by the user. Both have similar 
characteristics. 

Receive Timing— The modem provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 ± 1 % duty 
cycle). The modem timing recovery function is capable of track- 
ing a ± 0.01 % frequency error In the associated transmit timing 
source. 
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Transmit Level — The R24DC transmitted output line signal 
level may be regulated In either the permissive or programmable 
modes. In the permissive mode, the transmitted line signal level 
is -9 dBm maximum. In the programmable mode, the transmitted 
line signal level is set by an external resistor installed by the 
telephone company in the wall jack. Using this method, the trans- 
mitted line signal level can be controlled in increments of 1 dBm 
from 0.0 to -12 dBm, depending on the value of resistance 
installed. 

Answering Tone Generation — When in the automatic answer- 
ing mode, the R24DC generates a selectable answering tone 
of 2100 Hz ± 0.01% or 2025 Hz + 0.01%. It is also capable of 
optionally providing this tone when In the manual answer mode. 

Answering Tone Frequency 



Data Structure 



INPUT 

SELECT 1 

(PI -34) 


ANSWERING TONE 
FREQUENCY 


High 
Low 


2100 Hz 
2025 Hz 



Satellite Option and DSR Selection 



Satellite 
Option 


DSR (PI -30) 

During Analog 

Loopback 


AL-DSR Enable 
(PI 12) 


Yes 
No 
Yes 
No 


OFF (High) 
ON (Low) 
ON Low) 
OFF (High) 


High 

Low 

Wired to Analog Loopback 

Wired to Analog Loopback "• . 


1 . Inverse of Signal applied to Analog Loopback Input. 



Baud Clocks — Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have character- 
istics similar to the data clocks except that their frequency is 
equal to the signalling rate of 1200 Hz ±0.01%. 

Analog Loopback — The R24DC can be locally commanded 
into local analog loopback (CCITT Loop 3) via digital input Analog 
Loopback, when in the wait mode. 



INPUT 


DATA STRUCTURE 


DATA 

SiGNALLING 

RATE 

SELECTOR 

(P1-16) 


V.26 A/B 
(P1-14) 


Low 
Low 

High 


Low 
High 

Low or High 


2400 bps Alternate A 

2400 bps V.26 Alternate B 
(Bell 201C) 

1200 bps 



Abort Timer — The R24DC contains a 1 5 ± 1 second abort timer, 
which may be enabled via the Abort Enable input. 

Line Current Interrupt Disconnect — The R24DC contains a 
475 ± 125 ms line current interrupt abort timer, which may be 
enabled via the LCIS Enable input. 

The digital interchange circuits provide control, status indicators, 
data clocks and data interface. Traditional RS232-type control 
functions and additional signals allow the user to access the 
inherent flexibility and monitoring capabilities of the R24DC. 

Carrier Detect Squelch 



INPUTS 


SQUELCH STATUS^ 


ANALOG 

LOOPBACK 

(P1-33) 


SELECT 2 
(P1-35) 


REQUEST- 
TO-SEND 
(P1-11) 


Low 
High 
High 
High 


Low or High 
Low or High 
High 
Low 


Low or High 

Low 

Low -*> High 

Low-*>High 


No Squelch 

Squelch 

Extended Squelch^ 

No Extended Squelch 


"Squelch" means that Carrier Detect is clannped off (high) regard- 
less, of the level of received line signal. When "extended squelch" 
is enabled, squelch occurs both during the time when Request- 
to-Send is on (low) and for 148.3 ms (+3.4, -0.1 ms) following 
the On-to-Off transition of Request-to-Send. 



Selection Of Clear-To-Send Response Times 





INPUTS 


CLEAR-TO-SEND 
RESPONSE TIMEI 














SCRAMBLER 




(ms) 




SELECT 1 


ENABLE 


SELECT 2 






SEQUENCE 


(PI -34) 


(P1-15) 


(PI -35) 


OFF-TO^N 


ON-TO-OFF 


1 


High 


Low 


Low 


90 





2 


High 


High 


Low 


90 





3 


Low 


Low 


Low or High 


148.3 





4 


Low 


High 


Low or High 


148.3 





5 


High 


Low 


High 


220 





6 


High 


High 


High 


220 







The tolera 


nee on each Off-to-On and On-to-Off response is (-3. 


4,-0.1 ms). 




10-87 



R24DC 



2400 bps Direct Connect Modem 



OPERATING MODES 

Line connect and disconnect sequences are controlled automati- 
cally by the R24DC which is at all times in one of the following 
modes: 

Wait Mode — This is a hot-standby mode. The R24DC enters 
this mode upon a power-up, Reset, or whenever an operational 
mode Is exited. The following diagrams illustrate the sequence 
of events for the Wait mode. 



INITIALIZE: 

OH - HIGH 

DATA SET READY'' HIGH 

SQUELCH = ACTIVATED 

RESET ABORT TIMER 

DISABLE REQUEST TO SEND 




Wait IVIode Flow Diagram 

Analog Loopbacic iVIode — This mode provides the capability 
of diagnosing a problem in the communications link. In this 
mode, the transmitter's analog output is connected to the 
receiver's analog input through an attenuator. 

iVIanual Originate iVIode — This mode provides the capability 
of manual call origination. Calls may be originated in the usual 
manner by a telephone set. Signal sequence for this mode is 
shown in the following diagram. 



^ 



"^ 



ANSWERING 
TONE 
GEMERATION . 



^^ 



__!ir°^ 



IVIanual Originate l\/lode Sequence 

Automatic Call IVIode — This mode provides the capability 
of automatically originating calls by using the pulse dialing 
technique. 

The R24DC allows the user to auto dial by controlling inputs 
DTR, CO. P. and DP. To originate a call, DTR and C.O.P. must 



be on. Then DP (normally off) is pulsed at a rate of 9.5 ± 1.5 
pulses per second. 

The pulse requirement is a uniform train with break intervals at 
58% to 64%. 

The interdigit time (i.e., the time between the end of the last pulse 
of a given digit and the beginning of the first pulse of a subse- 
quent digit) should be between 700 ms and 3 seconds. 

C.Q.P, is turned off after the called modem answers. Signal 
sequence for this mode is shown in the following diagram. 



DATA 


,7 


-I 
1 






^^J 


A'" 




\ 1 


( 




O..H00K yj^ 


OFF-HOOK 


M— 






P^ »o„. 


I 


ANSWEHINO 


o. A [ f 


\ 



^okrv i V 



Automatic Call Mode Sequence 

Manual Answer Mode — This mode provides the capability of 
manually answering calls with a telephone set. Signal sequence 
for this mode is shown in the following diagram. 



DATA 

TERMINAL 

READY 



7^f7^ 




Manual Answer Mode Sequence 

Automatic Answer Mode — This mode provides the capability 
of automatically answering calls. Signal sequence for this mode 
is shown in the following diagram. 




s- 



A 



. IF ABT ENABLE 
/ IS LOW 



^ 



v-l[— \ — Jk-v" V 



^\ 



= 275 ms if satellite option is selected 
: 65 ms if satellite option is not selected 



Automatic Answer Mode Sequence 
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INTERFACE CRITERIA 

The R24DC interface signals are classified as digital interchange 
signals and analog signals. These signals interface to the user 
through the board edge connector. 

Digital Intercliange Circuits — The characteristics of the 
R24DC digital inputs and outputs are given in the following 
charts. 

Digital Input Characteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


O.OV to 0.8V sinking <10 HA 
+4.0V (VSS - IV) to +5.0V (VSS) 
sourcing <10 mA 


The digital inputs are directly CMOS compatible. The 
capacitive loading on each input is 25 pF (nriaximum). 


Digital Output Characteristics 


Ouput Logic State 


Allowed Output Voltage Levels 


Low 
High 


O.OV to 0.4V sinking 0.36 mA 
4.0V (VSS - IV) to 5.0V (VSS) 
sourcing 100 MA 


The digital outputs are directly CMOS or low-power Schottky 
TTL compatible. 



DIGITAL OUTPUT CHARACTERISTICS 
(EXCEPTIONS) 

The exceptions to the above are outputs OH, Rl, SH and A. Out- 
puts OH, Rl and SH have the following characteristics: 



Output Logic State 


Allowed Output Voltage Levels 


Low 
High 


O.OV to 0.4V sinking 0.36 mA 

2.4V to 5.0V (VSS) sourcing 100 mA 



Output A, useful in the generation of eye pattern and diagnostic 
information, switches from +5.0V to -12.0V. 

Audio Interface Input Impedance 



Parameter 


Specification 


On-Hook DC 


DC resistance between Tip and Ring, and 
between either Tip or Ring and signal 
ground is greater than 10 nnegohms for 
DC voltages up to 100 volts. 


On-Hook AC 


On-hook AC impedance measured 
between Tip and Ring is less than 40 K 
ohms (15.3 Hz minimum) 


Off-Hook DC 


Less than 200 ohms 


Off-Hook AC 


600 ohms nominal when measured 
between Tip and Ring 


Longitudinal 
Balance 


Meets requirements of FCC Rules, 
Part 68 


FCC Registration 
Ringer Equivalen 


Number: AMQ9SQ-68813-DM-R 
:e: 0.9B 



Analog Interface Circuits — The analog interface circuits 
defined in the following charts provide power and switched net- 
work connections and a means for the user to monitor the incom- 
ing line signals. 

Analog Interface Circuits 



TERM 


PIN 
NUMBER 


DESCRIPTION 


+12V 


PI -40 


+12V Power Supply 


-12V 


PI -38 


-12V Power Supply 


+5V 


P1-1 


+5V Power Supply 


COMMON 


P1-2, 
PI -4 


Ground (signal and power return) 


Receiver 
Analog 


PI -32 


Low impedance output of R24DC 
receive filter. Gain from Tip and 
Ring to Receiver Analog is nom- 
inally 12.7 dB 

TELEPHONE INTERFACE 
LEADS 


TIP 
RING 


P2-9 
P2-10 


Telephone Line Leads 


PR 
PC 


P2-2 
P2-4 


Leads to external wall jack resistor 
for programmable mode 


Ml 
MIC 


P2-3 
P2-1 


Leads routed to contact on exclu- 
sion key of associated telephone 
set 



" DIAL PULSE 
GENERATION AND 
TONE DETECTION 
CIRCUITRY 




A 




i . 




R24DC 








RECEIVED ANALOG 

DIAL PULSE 

COP 

CTS 

CARRIER DET 

TX DATA CLK 

DSR 

RX DATA 

RX DATA CLK 

SH 

Rl* 

OH 

DATA SIGNALLING 

RATE SET 

RTS 

TX DATA 

EXT TX CLOCK 

DTR 

COM 

SEL 1 
SEL 2 
V26A/B 
+5V '^BT 
+ 12V ENABLE 
.12V SCRAMBLER 
ENABLE 
ABORT 
ANALOG ENABLE 
LOOPBACK LCSI 
BUSY-OUT ENABLE 
AL-DSR ENABLE 






^ 




DTE Y 










CB 
CF 
DB 
CC 
BB 
DD 

CE 

CH 
CA 
BA 
DA 
CD 

AB 


"^ 








































*" 




r^ 




^ 


<■;= 


J 








7 








/ 




DC 

POWER 

SUPPLY 


-V 
























DIAGNOSTIC 
TEST CONT 


^ 




^ 




* 






-J 






'1 





CONFIGURATION 
.CONTROLS MAY 
BE STRAPPED HIGH 
OR LOW AS DESIRED 



• REQUIRED IF AUTO ANSWER IS IMPLEMENTED. 

• AUTOMATIC CALLING CAPABILITY CAN BE EASILY IMPLEMENTED WITHIN THE DTE. 



Typical R24DC to OEM Interconnections 
for Half-Duplex Applications 
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"H 



Ml 


(1)1 


R24DC 


R 1 


T 1 


Mrc 


(1)1 


PR 


(2)1 


PC 


(2)r 




1 




TELEPHONE HANDSET 
TYPE RTC 

OPTIONED FOR DATA SET 
CONTROL OF THE LINE 



NOTES 



1. Ml AND MIC ARE REQUIRED ONLY IF HANDSET IS EMPLOYED. 

2. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 

3. STANDARD TELEPHONE CO. PROVIDED JACK RJ16X, RJ45S OR RJ41S. 

4. RJ36X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS EMPLOYED. WHEN THE R24DC IS IN THE 
PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C JACK MAY BE EMPLOYED WITH THE ASSOCIATED TELEPHONE SET. 



Typical R24DC to Network Interconnection 



Telephone Line and OEM Connections — Connection of the 
R24DC telephone interface pins to the network is made via 
standard jacks and plugs. A typical installation, including an 
optional telephone set, is illustrated. 

Telephone Set — If it is desirable to have manual call origina- 
tion or alternate voice capability, an exclusion key telephone set 
(configured as Modem Controls the Line) may be ordered from 
your local telephone company. 

Mounting and Signal Routing — The R24DC may be physically 
incorporated into your OEM end product by using either the four 
corner (0.156 inch) diameter mounting holes or by using board 
guides. The electrical interface is via edge connector(s). 

Interface Mating Connectors 



Timing Jitter — The maximum steady state timing jitter of 
Received Clock with respect to Transmit Clock is less than 1 0% 
p-p for an input signal-to-noise ratio of 12 dB. 

Bit Error Rate — The following graph represents typical R24DC 
performance. 



Type/ 
Manufacturer 


PI (DTE) Connector 


P2 (Telephone Line) 
Connector 


Type: 


40pin 

0.100 in. Spacing 

20 pins per side 


10 pin 

0.100 in. Spacing 

20 pins per side 


Winchester: 
T&B Ansley: 
Spectra-Strip: 


53-40-0 
609-401 5M 
807-4005-001 


53-10-0 
609-101 5IVI 
807-1005-001 



PERFORMANCE DATA 

The R24DC is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. 
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4 5 6 7 8 9 10 11 12 13 14 1 

SIGNAL TO NOISE RATIO (DB) 
00 BPS, BACK.TO.BACK. SCRAMBLER, NO EQUALIZER 
00 BPS, V .26A OR B, BACK-TO-BACK, SCRAMBLER, 
3 EQUALIZER 

00 BPS, V .26A OR B, 1S°-150 HZ PHASE JITTER. NO 
RAMBLER, NO EQUALIZER 

00 BPS.. , .26A OR B, 30°-120 HZ PHASE JITTER, NO 
RAMBLER, NO EQUALIZER 

00 BPS, V .26A OR B, 3002 UNCONDITIONED LINE. 
3 SCRAMBLER, EQUALIZER 


5 



Typical Bit Rate Performance 
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Phase Error — Phase error can be measured by using the 
modem's output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
Implemented with discrete circuitry or in software within a 
microcomputer. 

Eye Pattern -— By using the modems digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal plane; hence, it is a graphic representation of 
modem performance. 



Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 

POWER REQUIREMENTS 



Voltage 


Ripple 


Maximum 
Current 


+5 VDC ±5% 
+12 VDC ±5% 
-12 VDC ±6% 


100 mV P-P 
50mVp-p 
50 mV p-p 


llOmA 

70 mA 

140 mA 




CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 



DISPERSION 
DUE TO GAIN 
ERRORS 

DISPERSION DUE 
TO PHASE ERRORS 



DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE; PHASE 
ERROR, AND/Of) GAIN 
ERROR. 



Typical Eye Pattern: 4 Pha$e-2400 BPS-1200 Baud (V26A) 



ENVIRONMENTAL SPECIFICATIONS 

Operating Temperature: O^C to 60°C 

Storage Temperature: -40°C to + 90°C 

Relative Humidity: to 95% (non-condensing) 

Altitude: -200 to 10,000 feet (-61 meters to 3,049 meters) 

Burn-In: 96 hours at 70*'C 



MAXIMUM DIMENSIONS 

Width: 4.988 in. (12.669 cm) 
Length: 7,900 in. (20.066 cm) 
Height: 0.500 in. (1 .270 cm) 



m 
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R24LL 
2400 BPS MODEM 



INTRODUCTION 

The Rockwell R24LL is a high-performance serial synchronous 
2400 bps DPSK modem. By utilizing state-of-the-art MOS/LSI 
technology, the R24LL provides the user with enhanced per- 
formance and reliability in a small package. Implemented on a 
single printed circuit board, the R24LL is less than 26 square 
inches. 

The R24LL operates in either the full-duplex (4-wlre telephone 
connection) or half-duplex (2-wire telephone connection) mode. 
The R24LL is designed for easy integration into a user's system, 
e.g., a simple box or rack-mount modem, statistical multiplexor, 
error controller, terminal, PBX, or any other communications 
product that requires the utmost in reliability and performance 
for data transmission over voice-grade telephone lines. 

The R24LL is Ideal for data transmission applications over either 
2-wire or 4-wlre leased (dedicated) telephone lines or the dial- 
up telephone network. Bell 201 B/C, CCITT V.26 A/B and V.26 
bis A/B compatible, the R24LL modem offers the user flexibility 
in creating a 2400 bps modem design customized for specific 
packaging and functional requirements. 



FEATURES 

• High Performance — Low Cost 

• LSI High Density — Low Power 

• Bell 201 B/C, CCITT V.26 A/B Compatibility and V.26 bis 
A/B Compatibility 

• DTE Interface LSTTL/CMOS Compatibility 

• External Transmit Data Clock Tracking 

• Diagnostic Outputs Available for Eye Pattern Generation and 
Data Quality Monitoring 

• Fixed Compromise Equalizer (Strap Selectable) 

• 2400/1200 bps Modes 

• Transmitter-Differential Phase Modulation 

• Receiver-Coherent Phase Detection 

• Operating Modes: 
—Half-Duplex (2-wire) 
-—Full-Duplex (4-wire) 

• Outstanding Performance Over Unconditioned Lines 

• V.27 Scrambler/Descrambler Compatibility 

• Answer-Back Tone Generation 

• Clear-to-Send Delay Options 

• NSYNC Option for Rapid Resynchronization in Multi-Point 
Applications 

• Small Size— Less than 26 sq. in. 

• Typical Power Consumption— 3 watts 

• Power Requirements, +5 Vdc and ± 12 Vdc 
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RECIN 



REC 
FILTER 



COMPROMISE 
EQUALIZER 



I 



EQOUT 



EQ IN 



X-TAL 



T1 



TRANSMIT 
FILTER 



REF . 



TRANSMITTER 

OSC 

DIVIDER 



TRANSMIT 
DAC 



<= 



AGC 
AMP 



CARRIER 

DETECT 

CIRCUITRY 



REC 

OSC 

DIVIDER 



TRANSMITTER 
DEVICE 

MOS/LSI 
(11042) 



lANALOG 



VOLTAGE 
REF 



RECEIVER 
DEVICE 



MOS/LSI 



(11043) 



C 



IT 



^ 



I 



REF 




DECISION 
DEVICE 

MOS/LSI 
(11044) 



^ 



DIGITAL 

INTERCHANGE 

CIRCUITS 



R24LL Functional Block Diagram 



DIAGNOSTICS 

A 

SYC 

RCVDS 

PE 



FUNCTIONAL SPECIFICATIONS 

Transmitter Carrier Frequency— 1800 Hz ±0.01% 

Echo Suppression and Answering Tone Frequencies— 21 00 

Hz ± 0.01 % or 2025 Hz ± 0.01 % 

Received Signal Frequency Toierance— The receiver can 
adapt to received frequency errors up to ± 10 Hz with less than 
a 0-5 dB degradation in bit error rate. 

Data Signaling and Modulation Rate— The normal signaling 
rate is 1200 baud ±0.01% and a data rate of 2400 bps ± 
0.01%. The fallback signaling rate Is 1200 baud ± 0.01% and 
a data rate of 1200 bps ± 0.01%. 

Transmitted Data Spectrum — The transmitted spectrum's 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics fair within the limits specified in CCITT Recom- 
mendation V.26 bis. The out-of-band signal power limitations 
meet those specified by Part 68 of Tariff 261 of the FCC's reg- 
ulations and typically exceed the requirements of international 
regulatory bodies as well. 



Data Encoding (DPSK)— At 2400 bps. differential 4-phase 
modulation is employed. The data stream to be transmitted 
divides into pairs of consecutive bits (dibits). Each dibit is encoded 
as a phase change relative to the phase of the immediately pre- 
ceding signal element. Two alternative arrangements of coding 
are possible (in accordance with CCITT Recommendations V.26 
and V.26 bis) as shown in the following chart. 



Data Encoding 



2400 BPS 


Dibit 


Phase Change 


V.26A 


V.26B/Bell 201 


00 
01 

11 

10 


0" 

+90' 

+180* 

+270° 


:+45° 

+135° 
+225° 
+315° 



03 
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ALTERNATIVE A 



+90° 



+270° 



f180° 




ALTERNATIVES 



+45° +135° +225° +315° 



Reference Line Signal Diadram (V.26 A&B) 



At 1200 bps, differential 2-phase modulation is employed. Each 
bit to be transmitted is encoded as a phase change relative to 
the phase of the immediately preceding signal element. The 
encoding Is in accordance with CCITT Recommendation V.26 
bis as shown in the following chart. 

Data Encoding 



Turn Off Sequence — When the transmitter has been sending 
data and "Request-to-Send" is turned off, any remaining data 
bit information transmits within 6 milliseconds. 

Response Times of Clear-to-Send— The selected configura- 
tion of the R24LL and its associated turn-on sequence deter- 
mine the Clear-to-Send response times, as shown in the following 
chart. 

Scrambier/Descrambler— The R24LL incorporates a self- 
synchronizing scrambler/descrambler enabled by a discrete dig- 
ital input. 

Carrier Detection— The R24LL contains a received line signal 
detector. This detector indicates the presence of energy at the 
receiver input above a certain threshold for a minimum amount 
of time. 



Carrier Detect Thresholds 



1200 BPS 


Bit 


Phase Change 



1 


+90° 

+270° 



Turn On Sequences— The transmitter of the R24LL can gen- 
erate a total of 13 Selectable turn-on sequences, as shown in 
the following chart. 



Received Level 


Carrier Detect 


Greater than -43 dBm 
Less than -48 dBm 


On (line signal present) 
Off (line signal not present) 


Carrier Detect Response Time 


Carrier Detect Transition 


Response Time 


Off-to-On 
On-to-Off 


14 ± 1 ms 
8 ± 3 ms 



Turn-On Sequences 



Type of 
Line Signal 


Segment 1 


Segment 2 


Total of 
Segments 1, 2 


Comments 


Turn-On 
Sequence 
Number 


Continuous 

Unscrambled 

Ones 


Continuous 

Scrambled^ 

Ones 


Nominal Total 

Turn On Sequence 

Time2 


1 ■ ^' , 
■■ 2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 


ms 

6.67 ms 

8.33 ms 
30 ms 

8.33 ms 
90 ms 

8.33 ms 
148.3 ms 

8.33 ms 
220 ms 

8.33 ms 
800 ms 

8.33 ms 


ms 

ms 

ms 

ms 
21.67 ms 

ms 
81.67 ms 

ms 
140 ms 

ms 
211.7 ms 

ms 
791.7 ms 


ms 
6.67 ms 
8.33 ms 
30 ms 
30 ms 
90 ms 
90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 
800 ms 
800 ms 


V.26 

(scrambler inserted) 
V.26, V.26 bis 
(scrambler inserted) 

(scrambler inserted) 
V.26 bis 

(scrambler inserted) 
V.26 bis 
(scrambler inserted) 


Notes: 

1 . See paragraph titled Scrambier/Descrambler for a description of scrambler/descrambler facility. 

2. For those turn-on sequences in which the scrambler is inserted, the transmitted line signal corresponds to a continuous "one", unscrambled, 
for 8.33 ms-ten baud (symbol) intervals, followed by the transmission of a continuous "one", scrambled, for the remainder of the turn-on 
sequence. 
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Clear-To-Send Response Times 



Turn-On 

Sequence 

Number 


Clear-To-Send 
Response Times* 


Comments 


Off-to-On 


On-to-Off 


1 


ms 


ms 




2 


6.67 ms 


ms 


switched carrier 
4-wire (BELL 201) 


3 


8.33 ms 


ms 


switched carrier 
4-wire 


4 


30 ms 


ms 


CCITT 4-wire 


5 


30 ms 


ms 


CCITT 4-wire with 
scrambler 


6 


90 ms 


ms 


CCITT 2-wire 


7 


90 ms 


ms 


CCITT 2-wire with 
scrambler 


8 


143.3 ms 


ms 


switched carrier 
2-wire 


9 


143.3 ms 


ms 


switched carrier 
2-wire with 
scrambler 


10 


220 ms 


ms 


CCITT 2-wire 
echo protection 


11 


220 ms 


ms 


switched 2-wire 
echo protection with 
scrambler 


12 


800 ms 


ms 


CCITT 2-wire auto 
call 


13 


800 ms 


ms 


CCITT 2-wire auto 
call with scrambler 


Note: 

* The tolerance on each Off-to-On and On-to-Off response 
time is (+.9, -.1) ms. 



Clamping Options— The following clannps are provided with 
theR24LL: 

1 . Received Data. The Received Data output is clamped to a 
mark when Carrier Detect is off. This action prevents distur- 
bances on the line from getting through the receiver circuit 
to the data output. 

2. Carrier Detect damp. The Carrier Detect output is clannped 
off (squelched) when Request-to-Send Is on. An option 
extends this clamp for 148 milliseconds beyond transitioning- 
off, thus providing echo protection. 

3. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any dis- 
turbances from propagating through the receiver circuit to the 
receive clock output. 



Equalizer — The R24LL contains a fixed compromise delay 
equalizer which improves performance over the domestic 
switched network. The equalizer may optionally be positioned 
in the receiver or removed entirely by means of a jumper plug. 
It has a nominally flat 0.0 dB amplitude response. 

Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error would 
be represented as a space for the duration of an incorrect bit. 

Receive Level — The R24LL receives line signals from to -43 
dBm, 

Transmit Timing— The R24LL generates a Transmit Clock with 
the following characteristics: Frequency — 2400 Hz ± 0.01% 
(1200 Hz ± 0.01% in fall back mode), duty cycle— 50 ± 1%. 
The R24LL can also optionally track an External Transmit Clock 
supplied by the user. Both have similar characteristics. 

Receive Timing — The R24LL provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 ±1% 
duty cycle). The timing recovery function can track a ± 6.01% 
frequency error in the associated transmit timing source. 

Secondary Channel— The R24LL provides the user sufficient 
flexibility to add an external secondary channel if desired. (A 
secondary channel is a data transmission channel having a 
lower signalling rate and occupying a different portidn of the tel- 
ephone line bandwidth than the primary channel. The primary 
and secondary channels share the same transmission facility, 
the telephone line.) Additional receive filtering to allow simul- 
taneous operation of the secondary channel must be provided 
external to the R24LL 

Transmit Level— The transmitted output line signal level of the 
modem is -1.0 dBm ± 1.0 dBm when the transmitter dutput Is 
terminated with a 600 ohm resistor in series. This applies to all 
possible transmitted data patterns both at 2400 bps and 1200 
bps, as well as to answering tone generation. 

Answering Tone Generation— The R24LL can generate an 
answering tone at 2100 Hz ± 0.01% or 2025 Hz ± 0.01% 
(selectable) for 3.4 + 0.2 sedondsunder the control of an input 
logic signal (GAUTO). The i=l24LL also provides a digital output 
(TONA) indicating the conclusion of answering tone generation. 

New Sync— Pulsing the New Sync (NSYNC) digital input forces 
Carrier Detect Off and causes the R24LL to resynchronize rap- 
idly on sequences of incoming messages. This feature is nec- 
essary in some polling applications because the receiver 
maintains the timing information of the previous message for 
some time after it has endecl— this may interfere with resyn- 
chronization on receipt of the next message from a different 
remote transmitter. 



m 
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Fast Energy Detector — A received line signal detector, the fast 
energy detector's output (RLSD) has the same threshold and 
hysteresis characteristics as the Carrier Detect. For RLSD the 
maximum turn-on time is 1 .6 ms and the maximum turn-off time 
is 6.6 ms (both times for Equalizer not inserted). Furthermore, 
the RLSD output will respond to transient line conditions (no 
momentary dropout or momentary-on glitch protection). 

Baud Clocks — Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have charac- 
teristics similar to the data clocks' except that their frequency 
is equal to the signalling rate (1200 Hz ± 0.01%). Transitions 
on Transmitter Baud Clock and Receiver Baud Clock coincide 
with Off-to-On transitions of Transmit Clock and Receive Clock, 
respectively. For 2400 bps operation both baud clocks are low 
for the first data bit in a baud and high for the second data bit. 

Analog Loopback — The R24LL provides the flexibility to imple- 
ment a variety of analog loopback schemes using a minimum 
amount of external circuitry. 

Eye Pattern/Data Quality Detector— The R24LL outputs dig- 
ital signals (RCVDS, SYC, A) which the user can decode to 
generate a quadrature eye pattern. The eye pattern is a visual 
(oscilloscope) display showing the received signal as groupings 
of dots in the baseband signal plane. It is useful as an incoming 
modem test and product evaluation tool and as an indication of 
a line condition in actual operation (useful for some network 
control applications). 

The modem also outputs digital signals (PE, SYC, A) which the 
user can decode to generate a data signal quality detector. This 
indicates if a reasonable probability of errors is received on the 
data channel. 

CONFIGURATIONS 

The R24LL modem provides the user with a wide range of 
modem functional configurations. Some of the possibilities are 
describ>ed below. 

Half-Duplex (2- Wire)— In a half-duplex application, the user 
needs both transmit and receive capabilities (although not 
simultaneously) on a 2-wire connection. 

If a hybrid (4-wire -^ 2-wire) transformer is not employed as a 
line interface device, REC IN would be strapped to T1 through 
an external resistor, the user perhaps selecting this resistor to 
produce a specific output impedance or to compensate for 
losses in any line interface circuitry. 

Digital interface connections. In a typical application, the user 
controls basic modem operation through the digital signals T103, 
T105, T106, T114, T104, T115, T109, and perhaps RBCK. 
Til 3, or TBC. (T113 is used if transmit timing is to be locked 
to the customer's clock; TBC may be employed to minimize cer- 
tain timing delays and is useful in some multiplexing operations). 
A number of digital inputs can either be fixed (tied directly and 
permanently to the +5V supply [high] or to signal ground or the 
-12V supply [low] in accordance with the specific requirements) 
or, if the user desires programmable flexibility, these signals can 
be interfaced with his equipment. Signals of this type include 
T1 1 1 , V26A, 1 , S8GR, K, Y, TC06, 800MS, E, T2W/4W, CP04, 



CP15, RW/4W, TH09, FSYC, TC09, and PBS. If answerback 
or echo suppression tone generation capability is required, the 
input CAUTO (which should be strapped low if not used) and 
the output TON A are available. Implementation of the New Sync 
function requires any new sync pulses to be inputted to NSYNC. 
The outputs SYC, RCVDS, DCP, A, and PE can be used to gen- 
erate eye pattern and phase error diagnostic information. 

Analog interface connections. The GAIN-G1-G2 jumper (for 
threshold set selection) should be in the proper location as 
described in the table at the top of page 9. Note that input 
impedance at REC IN is a resistive 15.8K ohms. If a 600 ohm 
receiver input impedance is desired, an external resistor to 
signal ground must be added. Take care when routing to REC 
IN (for low level receive signal) from any telephone interface 
circuitry. Also note that It is possible to insert the equalizer into 
the receiver or not to insert it by use of the jumper on the board. 
Implementation of a local analog loopback scheme could be 
achieved in many ways. If the line interface connection as 
shown in the diagram below is employed, the user can create 
a local analog loopback simply by deactivating squelch. To iso- 
late the telephone line during this loopback (no transmitted 
line signal), additional circuitry must be added. 

Full-Duplex — In a full-duplex application, the user needs both 
transmit and receive capabilities simultaneously. A 4-wire line 
connection is required. 

The only differences with half-duplex are that REC IN is no 
longer connected to T1 (the transmitter and receiver have inde- 
pendent transmission paths) and the squelch function would be 
deactivated (except during New Sync) by use of the input T2W/ 
4W. 

Digital interface connection is the same as for the half-duplex. 

Analog interface connections. With the exception of the 4-wire 
line interface, analog interface connections are the same as 
half-duplex. Implementation of a variety of local or remote analog 
or digital loopback schemes requires the addition of a minimal 
amount of external circuitry. 
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INTERFACE CRITERIA 

The R24LL interface signals are classified as digital interchange 
signals and analog signals. The signals interface to the modem 
user through the board edge connector. 

Digital Intercliange Circuits— The characteristics of the R24LL 
digital inputs and outputs are given in the following charts: 

Digitai Input Characteristics 



Input Logic State 


Allowed Input Voltage Levels 


Low 
High 


-12V (Vdd) to 0.8V sinking <10 M 
+4.0V (Vss - 1V) to +5.0V (Vss) sourcing 
<10/xA 


The digital inputs are directly CMOS compatible. The capacitive 
loading on each input Is 25 pF (maximum). 



Digital Output Characteristics 



Output Logic State 


Allowed Output Voltage Levels 


Low 
High 


O.OV to 0.4V (-0.4V to +0.4V for RLSD) 

sinking 0.36 mA 

+4.0V (Vss - 1V) to +5.0V (Vss) sourcing 

100M 


The digital outputs are directly CMOS or low-power Schottky TTL 
compatible. 



Digital Interchange Circuits 





Pin 




Term 


Number 


Description 


TONA 


P1-A5 


Output indicating completion of 
answering tone. 


800MS 


P1-A6 


Input affecting Clear-to-Send re- 
sponse time. 


TC06 


P1-A7 


Input affecting Clear-to-Send re- 
sponse time. 


K 


P1-A8 


Input affecting Ready-for-Sending 
response time. 


X 


P1-A9 


Input affecting T109 Squelch. 


CAUTO 


P1-A10 


Input initiation transmission of an- 
swering tone. 


New Sync (NSYNC) 


P1-A13 


Input affecting T109 Squelch. 


CLAMP 


P1-A15 


Input forcing squelch of T109. 


Fast Energy 


P1-A17 


Input generating T109. 


Detector (RLSD) 






Fast Sync (RSYC) 


P1-A18 


Input determining whether fast 
sync feature (fast resynchroniza- 
tion upon recovery of received line 
signal following momentary drop- 
out) is enabled. 


S8GR 


P1-A19 


Input determining whether the 
modulo 8 pattern guard will be in- 
corporated into the scrambler 
facility. 



OCR 



R2W/4W 

Receiver Baud Clock 

(RBCK) 

PBS 

TH09 

Transmitted Data 

(T103) 

Clear-to-Send or 

Ready-for-Sending 

(T106) 

Data Signalling Rate 

Selector (T1 11) 

Receive Clock 

0*115) 

E 

T2W/4W 

Y 



Transmitter Baud 
Clock (TBC) 
A 



THRH 



V26A/B 



CP15 



P1-A21 Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 

P1-A22 Input affecting state of THRH 
output. 

P1-A23 For 2400 bps operation. 

P1-A24 Input determining T109 On-to-Off 
response time. 

P1-A25 Input affecting state of THRH 
output. 

PI -A29 Input for digital data to be 
transmitted. 

P1-A30 Output indicating readiness to ac- 
cept data for transmission. 

P1-A32 Input determining whether trans- 
mitted data rate is 2400 bps or 
1200 bps. 

P1-A33 Output providing received signal 

) element timing information. 
Inputs affecting Clear-to-Send re- 
sponse time and T1 09 Squelch. 
P1-B8 Input affecting Ready-for-Sending 
response time and answering tone 
frequency. 
PI -B1 Output baud clock (1 200 Hz). 

P1-B11 Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 

P1 -B1 5 Input determining whether scram- 
bler is to be inserted. 

P1-B18 Output used in conjunction with 
carrier detect circuitry to imple- 
ment T109 threshold set select 
function. 

P1-B19 Input selecting dibit encoding at 
2400 bps operation as per V.26 
Alternate A or V.26 Alternate B. 

P1-B20 Input selecting optional clamping 
of Receive Clock (Til 5). 



RCVDS 


P1-B21 


Digital outputs enabling user to 


SYC 


P1-B22 


generate eye pattern and phase 


PE 


P1-B23 


error diagnostic information. 


TC09 


P1-B24 


Input determining T109 Off-to-On 
response time. 


CP04 


P1-B25 


Input determining T104 damping. 


External Transmit 


P1-B29 


Input providing modem with trans- 


Clock (T1 13) 




mitted signal element timing 
information. 


Request-to-Send 


P1-B30 


Input to transmitter. 


(T105) 






Received Data 


P1-B31 


Digital data output from modem 


(T104) 




receiver. 


Transmit Clock 


P1-B33 


Output providing user with trans- 


(T114) 




mitted signal element timing 
information. 


Carrier Detect 


P1-B24 


Output indicating presence of sig- 


(T109) 




nal energy on receiver line. 



M 



Note: 

The following PI connector pin locations should be left open and unconnected: 
A4, A11, A12, A14, A16, A20, A35. B1, B12, B13, B14, B17, B32, and B35. 
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Data Structure 



Tone Generation 



Input 


Data Structure 


Data Signalling 

Rate Selector 

(P1-A32) 


V26A/B 
(P1-B19) 


Low 
Low 

High 


Low 
High 

Don't 
Care 


2400 bps Alternate A 
2400 bps V.26 Alternate B 
(Bell 201 C) 
1200 bps 



Inputs 


Outputs 


CAUTO 
(P1-A10) 


Y 
(P1-B8) 


TONA 
(P1-A5) 


Transmitted Signal 


Low 
High 
High 
High 


Don't Care 
High 
Low 
Don't Care 


High 
High 
High 
Low 


Normal Operation 
2100 Hz Answering Tone 
2025 Hz Answering Tone 
Normal Operation 



Selection of Clear-To-Send Response Times 

















Clear-To-Send 
















Response Times 


Turn-On 








Inputs 






(ms) 


Y 


800MS 


K 


TC06 


T2W/4W 


1 


E 






Sequence 


(P1.B8) 


(P1-A6) 


(P1-A8) 


(P1-A7) 


(P1-B7) 


(P1-B15) 


(P1-B6) 


Off-to-On 


On-to-Off 


1 


Low 


High 


Don't Care 


Don't Care 


High 


Low 


Don't Care 


6.67 





2 


High 


High 


Low 


High 


High 


Low 


Don't Care 


8.33 





3 


High 


High 


Low 


Low 


High 


Low 


Don't Care 


30 





4 


High 


High 


Low 


Don't Care 


High 


High 


Don't Care 


30 





5 


High 


High 


Don't Care 


High 


Low 


Low 


Low 


90 





5 


High 


High 


High 


High 


High 


Low 


Don't Care 


90 





6 


High 


High 


Don't Care 


High 


Low 


High 


Low 


90 





6 


High 


High 


High 


High 


High 


High 


Don't Care 


90 





7 


Low 


High 


Don't Care 


Don't Care 


Low 


Low 


Don't Care 


148.3 





8 


Low 


High 


Don't Care 


Don't Care 


Don't Care 


High 


Don't Care 


148.3 





9 


High 


High 


High 


Low 


Don't Care 


Low 


Don't Care 


220 





9 


High 


High 


Don't Care 


Don't Care 


Low 


Low 


High 


220 





9 


High 


High 


Don't Care 


Low 


Low 


Low 


Don't Care 


220 





10 


High 


High 


High 


Low 


Don't Care 


High 


Don't Care 


220 





10 


High 


High 


Don't Care 


Don't Care 


Low 


High 


-High 


220 





10 


High 


High 


Don't Care 


Low 


Low 


High 


Don't Care 


220 





11 


High 


Low 


Don't Care 


Don't Care 


Don't Care 


Low 


Don't Care 


220 





12 


High 


Low 


Don't Care 


Don't Care 


Don't Care 


High 


Don't Care 


800 





Note: The tolerar 


ice on each 


Off-to-On an 


d On-to-Off res 


sponse time is (+0.9, -0.1 r 


TIS). 




1 



Carrier Detect Squelch 



Inputs 


Squelch Status 


X 

(P1-A9) 


T2W/4W 
(P1-B7) 


E 
(P1-B6) 


T105 
(P1-B30) 


NSYNC 
(P1-A13) 


Don't Care 

Don't Care 

Low 

High 

High 

High 


Don't Care 

High 

Low 

Low 

Low 

Low 


Don't Care 
Don't Care 
Don't Care 
Don't Care 
High 
Low 


Don't Care 
Don't Care 
Don't Care 
High 

High-^Low 
High-*Low 


Low 
High 
High 
High 
High 
High 


Squelch 
No Squelch 
No Squelch 
Squelch 

Extended Squelch 
No Extended Squelch 


Notes: 

"Squelch" means that Carrier Detect (T109) is clamped off regardless of the level of received line signal. During squelch, CLAMP 
(T-13) is a low impedance to ground. For normal operation (no squelch) CLAMP (T-13) is in a high impedance ("open drain") 
state. 

When "extended squelch" is enabled, squelch occurs both when Request-to-Send (T105) is On (High) and for 148.3 ms (+0.9, 
-0.1 ms) following the On-to-Off (High to Low) transition of T105. 
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Carrier Detect Threshold Selection 



THRH 


Gain 
Strap 


Selected 
Threshold Set 


High Impedance 
High Impedance 
Low impedance 
to ground 


G1 

G2 

G1 or Q2 


-43 dBm, -48 dBm 
-33 dBm. -38 dBm 
-26 dBm, -31 dBm 


Gain must be shorted to either G1 or G2. 



THRH Operation 



Input 


THRH 


TH09 


R2W/4W 


Low 
High 
Low 
High 


Low 
Low 
High 
High 


High Impedance 
High Impedance 
High Impedance 
Low Impedance 


THRH is an open-drain driver representing either a low imped- 
ance to ground (<500 ohms) or a very high impedance state. 



The receiver and transmitter line interfaces are single-ended 
(non-transformer coupled) signals with the following charac- 
teristics: 

Transmitter Voice Frequency Output T1 

1. Output Impedance: Impedance of Op-Amp 

2. Maximum Output Level: ^0.0 dBm as measured- per the fol- 

lowing diagram using a true RMS 
meter. 



T11" 



jSA ^ fc TO TRUE RMS 

-vvv r^ MOTOR 



<600 -^ . 



Scrambler/Descrambler 



Input 


Scrambler/Descrambler 
Configuration 


(P1-B15) 


S8GR 
(P1-A19) 


Low 
High 

High 


Don't Care 
Low 

High 


No Scrambler 
Scrambler V.27 bis, ter 
(modulo 8 pattern guard) 
(no modulo 8 pattern guard) 



Analog Interface Circuits — The analog Interface circuits of the 
R24LL defined in the following chart provide the power, the 
switched network connections, and a means for the user to 
monitor the incoming line signals. 

Analog Interface Circuits 





Pin 




Term 


Number 


Description 


+ 12V 


P1-B5, B9 


+12V Power Supply 


-12V 


P1-A1 


-12V Power Supply 


+5V 


P1-A2, B2 


-h5V Power Supply 


COMMON 


P1-A3,A31,B3 


Ground (signal and power 
return) 


T1 


P1.A34 


T1 is the low impedance 

signal). The T1 allows the 
user the flexibility needed to 
customize his output imped- 
ance (to compensate for 
transfornger losses, for in- 
stance). 


SECONDARY IN 


P1-B4 


Secondary channel input 
from the DTE. 


RECIN 


P1-B36 


Receive filter input. Input 
impedance is a resistive 1 5.8 
Kohms± 1%. 



Receiver Voice Frequency Input REG IN 

1. Input Impedance: 15.8K ohms ± 1% resistive 

2. Maximum Input Level: =^0.0 dBm 

The output level at the R24LL line interface is less than -60 
dBm in the frequency band of 1 Hz to 12 Hz when the modem 
is not transmitting, A period of iOO milliseconds is required for 
the line interfaces to stablize following power turn-on. 

Low impedance voice frequency output T1 satisfies applications 
interfacing with lossy transformers or hybrids. The characteris- 
tics of T1 output are: 

a. Output Impedance: Essentially zero ohms when loaded to 

ground with greater than 400 ohms 
(resistive). This is a direct output from an 
operational amplifier. 

b. Minimum Load: ^400 ohms (resistive) as measured between 

T1 and signal ground. 

PERFORMANCE DATA 

The R24LL is a high performance synchronous 2400 bps DPSK 
modem. It utilizes a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. 

Timing Jitter— The maximum steady state timing jitter of 
Received Clock with respect to Transmit Clock is less than 10% 
p-p for an input signal-to-noise ratio of 1 2 dB. 



m 



Audio Interface— The audio interface includes the R24LL's 
interface with the transmission network. 



Bit Error Rate- 
performance. 



-The following graph represents typical R24LL 
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1. 12 

2. 244 
NC 

3. 241 
SC 

4. 241 
SC 

5. 24 
NC 


4 5 6 7 8 9 10 11 12 13 14 U 
SIGNAL TO NOISE RATIO (DB) 

}0 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 

90 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER 

) EQUAUZER 

M BPS, V.26A OR B, 15'- 150 HZ PHASE JITTER, NO 

RAMBLER, NO EQUALIZER 

M BPS, V.26A OR B, 30°- 120 HZ PHASE JITTER, NO 

RAMBLER, N6 EQUALIZER 

DO BPS, V.26A OR B, 3002 UNCONDITIONED LINE, 

> SCRAMBLER, EQUALIZER 

Typical Bit Error Rate Performance 


} 



Phase Error — Phase error can be measured with the modem's 
output signals RE, SYG, and A. With an external test circuit, a 
numerical value can be derived to indicate the quality of received 
data and then directly correlated to bit error rate performance. 
The required test circuit can be implemented with discrete cir- 
cuitry or in software within a microcomputer. 

Eye Pattern— By using the modem's digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope <:|uadrature eye pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal plane: it is a graphic representation of modem 
performance. 




CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUAUTY SIGNAL 



DISPERSION DUE 
TO PHASE ERRORS 



DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 



Typical Eye Pattern: 4 Phase-2400 BPS-1200 Baud (V26A) 



Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 

RECOMMENDED MATING CONNECTORS 

The R24LL connector mating contacts are nof gold covered; 
therefore, a high quality gas-tight card edge connector should 
always be used to maintain reliable operation. Rockwell rec- 
ommends the following in order of preference: 

1. Burndy C3TBH Series 

2. Continental 6100-200 Series 

3. EIco 00-6307 Series 

POWER REQUIREMENTS 



Voltage 


Ripple 


Maximum 
Current 


+5 VDC ± 5% 
+12 VDC ±5% 
-12 VDC ±5% 


1 00 mV p-p 
50 mV p-p 
50 mV p-p 


102 mA 

64 mA 

142 mA 



ENVIRONMENTAL SPECIFICATIONS 

Operating Temperature: 0°C to 60°C 
Storage Temperature: -40''C to +80°G 
Relative Humidity: to 90% (non-condensing) or a wet bulb tem- 
perature up to 35''C, whichever is less. 
Altitude: -200 to 10,000 feet (-61 meters to 3,049 meters) 
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INTRODUCTION 



FEATURES: 



The Rockwell R24 is a high performance synchronous serial 
2400 bps DPSK modem. Utilizing extensive MOS/LSI 
technology, the R24 is implemented in three modular building 
blocks. It is innovatively designed to enable its economic integra- 
tion by system designers in a broad range of communication, 
computer, and control equipment. 

Having Bell 201 B/C and CCITT V.26 compatibility, the modular 
R24 offers the user sufficient flexibility to customize a 2400 bps 
modem to his specific packaging and functional requirements. 
With a minimum amount of interface circuitry, the modem can 
be configured for operation on leased lines or on the general 
switched network. 



MODULE VERSATILITY 

The versatility of the R24 design is achieved by dividing the 
modem's functions into three modules: 

Transmitter — Module T 
Receiver — Modules R1 and R2 



LSI high density; low power 
2400/1200 bps modes 
Transmitter-Differential phase shift keying 
Receiver-Coherent phase detection 
Bell 201 B/C, CCITT V.26 compatible 
CCITT A/B encoding options 
Operating modes: 

Half duplex (2 wire) 

Full duplex (4 wire) 

Simplex (Transmit or Receive only) 
Outstanding performance over unconditioned lines 
LSTTL/CMOS compatible digital interface 
Fixed compromise equalizer 
V.27 compatible scrambler/descrambler 
Answer-back tone generation 
Clear-to-send delay options 
New syric option provides rapid resynchronization 
Typical power consumption 2 watts 
Total module area 25 sq. in. 

R24 Modem Evaluation Board facilitates evaluation and 
design-In tasks. 



Each module can be plugged into standard connectors or can 
be wave soldered on one or more printed circuit boards. The 
pin spacing is on 100 mil centers. Modem modules are func- 
tionally independent. 



MODEM OPERATION MODES 

In general, the modules can be configured to operate in the 
following modes: 

Simplex — Transmit only: Only the transmitter module (T) is 
used. 

Simplex — Receive only: R1 and R2 modules are used to 
implement a complete receiver 
function. 



Half Duplex (2-Wire): 



Full Duplex (4-Wire): 



Requires both transmit and receive 
functions (although not simul- 
taneously), therefore, all three 
modules are used. 

Requires both transmit and receive 
functions simultaneously, again all 
three modules are used. 
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R24 Functional Diagram 



TECHNICAL DESCRIPTION 

Transmitter carrier frequency — 1800 Hz ±0.01% 

Eclio suppression and answer tone frequencies — 2100 Hz 
±0.01% or 2025 Hz ±0.01% 

Received signal frequency tolerance — The receiver can 
adapt to received frequency errors up to ± 1 Hz with less than 
a 0.5 dB degradation in bit error rate. 

Data signaling and modulation rate: 



1) Normal: Signaling Rate — 1200 baud ±0.01%. 

Data Rate — 2400 bps ±0.01%. 

2) Fallback: Signaling Rate — 1200 baud ±0.01%. 

Data Rate — 1200 bps ±0.01%. 

Transmitted Data Spectrum — The transmitted spectrum's 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The out of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC's regula- 
tions, and typically exceed the requirements of international 
regulatory bodies as well. 

Data Encoding (DPSK) — At 2400 bps, differential four-phase 
modulation is used. The data stream is transmitted in pairs of 
consecutive bits (dibits). Each dibit is encoded as a phase 
change relative to the phase of the preceding signal element. 

The R24 implements the phase A and B recommendations of 
CCITT V.26. The modulation coding in Bell 201 modems is the 
same as V.26B. Definition of these coding arrangements is 
shown in the following table: 



2400 BPS 1 


DIBIT 


PHASE CHANGE | 


V.26A 


V.26B/Bell 201 


00 
01 

1 1 

1 


+90° 
+ 180° 
+270° 


+45° 
+135° 
+225° 
+315° 



ALTERNATIVE A 




ALTERNATIVE 8^45° 



+ 135' 

I 



Line Signal Diagram (V.26 A & B) 

At 1200 bps, differential two-phase modulation Is used. Each 
bit is transmitted at a relative phase change to preceding signal 
element in acordance with CCITT V.26 bis. 



1200 BPS 1 


BIT 


PHASE CHANGE 



1 


+90° 
+270° 



Turn On Sequences — A total of twelve selectable turn on 
sequences can be generated by the transmitter module. 

Turn Off Sequence — When the transmitter has been sending 
data and "Request to Send" is turned off, any remaining data 
bit information is transmitted withiri 6 milliseconds. 
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Ready for Sending (T106) Response Times — These response 
times are determined by the modem configuration selected and 
its associated turn on sequence. 



Turn On 


Ready for Sending 




Sequence 


Response 


Configuration and 


Number 


Time 


Carrier Type 


1 


6.67 msec 


Switched Carrier — 4-Wire 
(Bell 201) 


2 


8.33 msec 


Switched Carrier - 4-Wire 


3 


30 msec 


CCITT - 4-Wire 


4 


30 msec 


CCITT - 4-Wire with Scrambler 


5 


90 msec 


CCITT - 2-Wire 


6 


90 msec 


CCITT - 2-Wire with Scrambler 


7 


148.3 msec 


Switched Carrier - 2-Wire 


8 


148.3 msec 


Switched Carrier — 2-Wire with 
Scrambler 


9 


220 msec 


CCITT - 2-Wire Echo Protection 


10 


220 msec 


Switched 2-Wire Echo Protection 
with Scrambler 


11 


800 msec 


CCITT - 2-Wire Auto Call 


12 


800 msec 


CCITT - 2-Wire Auto Call with 
Scrambler 


Response! 


ime tolerance ( + 0.9, ■ 


0.1) msec 



Scrambler/Descrambler — As a selectable option, the scrambler/ 
descrambler may be inserted into the transmitter/receiver path. 
The purpose of this scrambler is to ensure that the line signal 
will evenly Span the allocated bandwidth. This minimizes pat- 
tern sensitivity problems arising from simple fixed and periodic 
data sequences. The scrambler is V.27or V.27 bis/ter compatible. 

Carrier Detect (T109) -— The modem receiver incorporates a 
line signal energy detector whose output responds to three selec- 
table threshold levels. 



Set 1 (V.26 bis, switched 
network) 

Set 2 (V.26 bis, switched 
network) 

Set 3 (V.26, leased line) 



Greater than -43 dBm = ON 
Less than -48 dBm = OFF 

Greater than -33 dBm = ON 
Less than -38 dBm = OFF 

Greater than -26 dBm = ON 
Less than -31 dBm = OFF 



Selectable T109 Response Times — This time is defined as 
the interval between the sudden connection or removal of the 
received line signal to the modems receive filter, and the subse- 
quent transition of Carrier Detect (T109) from one state to the 
other. 



Carrier Detect 
Transition 


Response Time 


OFF to ON 
(connection) 

ON to OFF 
(removal) 


6±1 ms » „ , 
, , , \ Selectable 
14±1 ms J 

8 ±3 ms ) „ , 
„« « i Selectable 
22±3ms S 



Receive Level — The modem receives line signals from to 
-43 dBm. 



Transmit Timing — The modem generates a Transmit Clock 
(T114) having the following characteristics: Frequency — 
2400 Hz ± 0.10/0 (1 200 Hz ± .01 % in fallback mode), duty cycle 
— 50 ± 1 %. The modem is also optionally capable of tracking 
an External Transmit Clock (T1 13) supplied by the modem user. 
T1 13 has similar characteristics to T1 14. 

Receive Timing (T1 1 5) — The modem provides a data derived 
"Receive Clock" output in the form of a nominal squarewave 
(50 ±1% duty cycle). The modem timing recovery function is 
capable of tracking a ± 0.01% frequency error in the associated 
transmit timing source. 

Transmitter Output Levels — This output can be strap con- 
trolled in 2 +0.2 dB steps from -1 dBm ± 1 dB to -15 dBm 
±1 dB. 

Answer Tone Generation — The modem generates a selec- 
table answering tone of 2100Hz ±0.01% or 2025 Hz ±0.01%. 
The 2100 Hz tone meets CCITT Recommendations G.I 61 and 
V.25, and the 2025 Hz tone meets Bell System requirements 
for both answering tone and echo suppressor disabling tone. 

Equalizer — As a strap option, the modem contains a fixed com- 
promise delay equalizer which can be used to improve perfor- 
mance over unconditioned schedule 3002 lines. This option is 
normally positioned in the receiver, but it can be repositioned 
in the transmitter or bypassed entirely. It is designed to com- 
pensate for the mean of the range of group delay distortions 
generally encountered in the United States. Its amplitude 
response is nominally flat at 0.0 dB. 

Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and 
transmitted as a pseudo-random signal to be descrambled at 
the receiver back to the constant mark. A transmission error 
would be represented as a space for the duration of an Incor- 
rect bit. 

Multipoll Synchronization — The "new sync" (NSYNC) digital 
input can be pulsed to cause rapid resynchronization of the 
receiver for sequences of incoming messages. This feature is 
necessary in some polling applications. However, if the user's 
hardware/software does not support the use of "new sync" 
(NSYNC), then the optional "fast sync" (FSYNC) can be utilized 
to enable a fast resynchronization procedure. 

Selectable Clamping Options ~ 

1) Received Data (T104) — This output is clamped to a selec- 
table constant (space or mark) when "Carrier Detect" is off, 
to prevent disturbances on the line from getting through the 
receiver to the data output. 

2) Carrier Detect (T1 09) Clamp — This output may be clamped 
OFF (squelched) in a 2-wire applications during the time when 
"Request to Send" (T105) is on. An additional option extends 
this clamp for 148 msec beyond T105 transitioning off, pro- 
viding echo protection. 

3) Receive Clock (Tl 15) — This clock output can be clamped 
OFF when "Carrier Detect" is off, thereby preventing any 
disturbances from propagating through the receiver to the 
receive clock output. 



m 
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SYSTEM DESIGN 

The R24 modem modules provide the user with sufficient flexibility 
to implement a wide range of modem functional configurations. 
This flexibility is achieved by digital control at the module inter- 
faces. For a given application, such as a lease network V.26 
Alternative B modem (Bell 201 B), the complexity of the user inter- 
face can be significantly reduced by strapping those data inter- 
face inputs which do not change. The modem interface can also 
be under software control. 

Figures 1 and 2 show the basic interface connections for the 
transmitter module (T) and the receiver modules (R1 ,R2). These 
diagrams are applicable for any operation mode of the modem- 
simplex, half-duplex, or full-duplex. 



5V + 12V -12V J: 



^ I I I r 



TRANSMITTER (T) 



SMIT TP1I ninoiiT ' 



COMMON MODEM DIGITAL 

CONTROLS 

V26A 

S8GR 
NSYNC 

( ' ^ ^ CLAMP 



TRANSMITTER 
DIGITAL CONTROLS 



TRANSMIT TF1L DACOUT 
LEVEL CONTROL 
TIN 

- IdBm 
-3dBm 
-5dBm 
-7dBm 
-9dBm 
-lldBm 

- 13dBm 

- iSdBm 



DIGITAL 
INTERCHANGE 
T103 
T105 
T106 
Till 
T113 
T114 



CAUTO 
TONA 
TBC 



TC06 
800 MS 



Figure 1 . Transmitter Interfaces 



RECEIVER f RECK 

DIGITAL 

CONTROLS!^ 

R2W/4W 

TH09 

PBS 

CP04 

CP15 +5V+12V 

FSYC 




S8GR 
NSYNC 
CLAMP 



Figure 2. Receiver Interconnection 



As shown, a transformer is sufficient to connect directly to a 
leased line in the U.S. For the switched network, registered pro- 
tective circuitry or a data access arrangement (DAA) is generally 
required. Rockwell offers an FCC registered protective circuitry 
product to support this application. Requirements for line inter- 
face and protective circuitry vary internationally. 



TO LEASED 

LINE OR 

TO SWITCHED . 

NETWORK 

PROTECTIVE 

CIRCUITRY 



3101 ^ 

* CLAMP+ ■' 



(R11 



Qji 



OPTIONAL 
RESISTOR 



TRANSMITTER (T) 



=»► DIAGNOSTICS 

— ■»> RECEIVER 
CONTROL 
— *-DATA(T104) 
_ V26A > 
_ Till COMMON 

- S8GR > MODEM 

- I CONTROL 
- NSYNC J 



, TRANSMITTER 
CONTROL 



Figure 3. Transmitter-Receiver Interconnection (Half 
Duplex) 



Secondary Channel — The modem modules provide the user 
with all the interface connections needed to add an external 
secondary channel if required. This data transmission channel 
would operate at a lower rate, and in a different portion of the 
available bandwidth than the primary. Additional external receive 
filtering would also have to be added to allow simultaneous 
operation of the primary and secondary channels. 

Analog and Digital Loopback — To check out or diagnose the 
communication link, loopback testing is often performed. A test 
word is transmitted and "looped" back to the originating DTE. 
Typical types of loopback tests are: 



LOCAL DIGITAL REMOTE ANALOG 
LOCAL ANALOG REMOTE DIGITAL 



®:^ 



®) 



N RCVR 

®1 

^/ XMIT 



®) 



COMMUNICATION 
CHANNEL 



MODEM OPERATION — 
HALF OR FULL-DUPLEX 

Figure 3 indicates the module interconnections necessary for 
half-duplex operation. For full-duplex operation, the transmitter/ 
receiver interconnections are similar to the half-duplex case with 
the exception that "REC IN" is not connected to T2 or T1. In 
full-duplex operations, the transmission and receiver paths are 
independent. 



DTE — Data Terminal Equipment 

The modem modules provide the user with all the necessary inter- 
faces connections to implement almost any loopback scheme 
desired. With a minimum amount of external circuitry, loopback 
testing can be controlled via a communications adapter/software 
approach or manually. For local analog, remote analog and 
remote digital loopback, the V.27 scrambler within the modem 
can be used to generate a 127-bit word. 
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INTERFACE DESCRIPTION 



TRANSMITTER ANALOG CONTROLS 



STANDARD DIGITAL INTERCHANGE 



Term 
(CCITTV.24EIARS232C_ 
Equivalent) Equivalent " 



Module Interface 
Input Output 



Description 



T104 


BB 




T105 


CA 


T-8 


T106 


CB 




T109 


CF 


R1-4 


T111 


OH 


T-12, 
R2-9 



Transmitted Data 

R2-5 Received Data 

Request to Send 

T-6 Ready for Sending 
(Clear to Send) 

R2-22 Data Channel Received Line 

Signal Detector (Carrier Detect) 

Data Signalling Rate Selector 
Selects 2400 bps or 1 200 bps 
Mode 

External Transmit Clock 
(Transmitted Signal Element 
Timing) 

T-10 Transmit Clock (Transmitted 
Signal Element Timing) 

R2-6 Receive Clock (Receive Signal 
Element Timing) 



ANALOG LINE INTERFACES 



T113 

T114 
T115 



DB 
DD 



Module Interface 
Input Output 



Description 



RECIN R1-12 Analog Line Signal Input (Receive Filter 

Input) 
T1 T-1 Low Impedance Transmitter Output 

T2 T-2 Standard Transmitter Output 600 ohms 

Impedance 



COMMON MODEM DIGITAL CONTROLS 



Module Interface 
Input Output 



T-1 6 
R2-13 

f T-15 
1R2-12 

{r2-14 

T-1 4 
R2-11 

CLAMP R2-10 



S8GR 
NSYNC 



Selects V.26A or V.26B Dibit Encoding 



Controls for Scramble Operation 



Controls T109 to Force Rapid 
Resynchronization of the Receiver 

T-13 Implements Squelch for Carrier Detect 
(T109) 



Module Interface 
Input 6utput 



Description 



DAG OUT 



TIN 
-IdBm 
-3dBm 
-5dBm 
-7dBm 
-9dBm 
-lldBm 
-ISdBm 
-15dBm 



T-22 Output of Digital to Analog Converter 

Input to Low Pass Filter. DAC OUT is 
Normally Connected to TFIL Unless 
Additional Filtering oran Equalizer is to be 
Inserted. 

These Nine Signals Implement the 
T-39 Transmitter Output Level Attenuator. One of 
T-38 the Signals -IdBm, .. ., -ISdBm is 
T-37 Strapped to TIN to Set the Desired Output 
T-36 Level. 
T-35 
T-34 
T-33 
T-32 



RECEIVER DIGITAL CONTROLS 



Term 


itr'&. 


Description 


RBCK 


R1-1 


R2-25 


Receiver Baud Clock 


RLSD 

THRH 

R2W/4W 

TH09 


R2-24 
R1-3 
R2-8 
R2-18 


R1-2 
R2-23 


Control Signals to Generate Carrier Detect 
' (T109) and Implement T109 Threshold Set 
Select Function 


TC09 


R2-15 




Determines Carrier Detect (T109) Off-to-On 
Response 



PBS R2-16 Determines Carrier Detect (T109)On-to-Off 

Response 

CP04 R2-17 Clamps Received Data (T104) to a mark 

or space when Carrier Detect (T109) is Off 

CP15 R2-19 Optional Clamping of Received Clock (T1 15) 

FSYC R2-20 Fast Sync Optional Fast Resynchronization 

Procedure 



RECEIVER DIGITAL DIAGNOSTICS 



Term 



Module Interface 
Input Output ' 



Description 



SYC 

RCVDS 

DCP 

A 

PE 



R2-1 
R2-2 
R2-4 
R2-3 
R2-7 



Digital Outputs which Enable User to 
Generate Eye Pattern and Phase Error 
Information 



TRANSMITTER DIGITAL CONTROLS 



Module Interface 
Term Input Outpui " 



Initiates AnswerTone 
J.5 Indicates Completion of Transmission 
of AnswerTone 

T-4 Transmitter Baud Clock 

Input Forcing Transmit Clock (T1 14) to 
Phase and Frequency Lock to External 
Transmit Clock (Til 3) 

Inputs Affecting Ready for Sending 
Response Times, AnswerTone Frequency 
and Carrier Detect (T109) Squelch 



CAUTO 


T-3 


TONA 




TBC 




Z 


T-28 


T2W/4W 


T-11 


X 


T-24 


K 


T-25 


Y 


T-26 


TC06 


T-27 


800MS 


T-29 


E 


T-30 



RECEIVER ANALOG CONTROLS 



Module Interface 
Input Output 



Description 



RECOUT R1-7 



EQIN 
EG OUT 

RLSD IN 
AGO IN 
AGC OUT 

GAIN 
G1 
G2 

lANALOG R2-27 



R1-8 
R1-6 

R1-5 
R2-21 



R1-11 
R1-9 



Receive Filter Ouput 

Equalizer Input 
Equalizer Output 

Carrier Detect Circuitry Input 
Automatic Gain Control Circuitry Input 
R2-26 Automatic Gain Control Circuitry Output 

R1-10 \ Optional Carrier Detect (T109) Threshold 
( Selection Controls 



Sample and Hold Circuitry Input 



m 
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MODEM PERFORMANCE 

The R24 is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. This section contains a quantitative discussion of the R24's 
typical performance under varying test conditions. 

Timing Jitter — The maximum steady state timing jitter of 
"receive clock" with respect to "transmit clock" is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. 

Bit Error Rate — The following graph represents typical R24 
performance: 




-TO-BACK, SCRAMBLER. NO E( 

OR B. BACK-TO-BACK, SCRAMBLER. NO EQUALIZER 
OR B, 15O-150 HZ PHASE JITTER, NO SCRAMBLER. NO E( 
OR B, 30'>-120 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER 
OR B, 3002 UNCONDITIONED LINE, NO SCRAMBLER, EQUALIZER 



Typical Bit Rat* Part ormanc* 



Phase Error — Phase error can be measured by using the 
modem's output signals RE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete circuitry or in software within a 
microcomputer. 



Eye Pattern — By using the modems digital output signals 
RCVDC, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pattern 
displays the received signal as a group of dots in the baseband 
signal plane; hence, it is a graphic representation of modem 
performance. 




CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGHQUALITYSIGNAL 



DISPERSION 
DUE TO GAIN 
ERRORS 



DISPERSION DUE 
TO PHASE ERRORS 



DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 



Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A) 

Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 

ELECTRICAL CHARACTERISTICS 

POWER REQUIREIVIENTS 



Module 


Voltage 


Ripple 


Maximum 
Current 


T 


+5 Vdc ±5% 
+ 12 Vdc ±5% 
-12 Vdc ±5% 


lOOmVp-p 
50 mV p-p 
50 mV p-p 


38 mA 
16 mA 
48 mA 


R1 


+ 12 Vdc ±5% 
-12 Vdc ±5% 


50 mV p-p 
50 mV p-p 


23 mA 
16 mA 


R2 


+5 Vdc ±5% 
+ 12 Vdc ±5% 
-12 Vdc ±5% 


100 mVp-p 
50 mV p-p 
50 mV p-p 


64 mA 
25 mA 
78 mA 


Maximum total power consumption approximately 3 watts. 
Typical total power consumption approximately 2 watts. 



DIGITAL INTERFACE 

The R24 provides LS TTL or CMOS compatible logic levels that 
are functionally equivalent to EIA RS232/449 and CCITT V.24. 



Input 
Logic 


Allowed Input Voltage Levels 


Low 
High 


-12.0V to +0.8V Sinking <10 /uA 
+4.0V to +5.0V Sourcing <10 mA 



Digital inputs are directly CMOS compatible. Interfacing with 
standard TTL or low-power Schottky TTL requires an external 
pull-up resistor. 



Output 
Logic 


Allowed Output Voltage Levels 


Low 
High 


O.OVto -1- 0.4V Sinking 0.36 mA 
+ 4.0V to -^ 5.0V Sourcing 100 /iA 



Digital outputs are directly CMOS or low-power Schottky TTL 
compatible. 
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TRANSMISSION LINE INTERFACE 

The R24 provides an analog interface that must generally be 
transformer coupled to ensure normal telephone line isolation. 
Through appropriate selection of transformers and other inter- 
face circuitry, the R24 can be configured to operate on leased 
or dial-up telephone lines, or on other special private networks. 
For the dial-up interface, Rockwell offers an FCC registered 
module that allows direct connection to this network. For the 
leased line interface, only transformers with characteristics 
similar to those utilized on the R24 modem evaluation board are 
required for this connection. 

The receiver and transmitter line interfaces are single-ended 
(non-transformer coupled) signals with the following 
characteristics: 



Transmitter Output (Normal) 

Output Impedance: 600 ohms +2% 
Maximum output level: <0.0 dBm 

Transmitter Output (Alternate) Low Impedance: 

Output Impedance: ohms (op amp output) 
Maximum output level < -i-6.0dB 

Note: This output for transformer loss compensation. 

Receiver Input: 

Input Impedance: 15.8K ohms ±1% 
Maximum Input Level: 00 dBm 

MECHANICAL SPECIFICATIONS 



.325 
(8.26) 



1_ 



.100 
(2.54) 
TYP. 



(17)S86R 
{16)V26A 
(15)1 

(14)NSYNC 
(13) CLAMP 
(12) Tin 
(11)T2W/4W 
(10)T114 
( 9)T103 
( 8)T105 
( 7)1113 
( 6)T106 
( 5)T0NA 
( 4)TBC 
( 3)CAUT0 
( 2)T2 
( 1)T1 



-12V (18) 

-12V (19) 

■ COM (20) 

*5V(21) 

DAC OUT (22) 

TFIL (23) 

X(24) 

K(25); 

Y (26) 

TC06 (27) 

Z (28) 

BOOMS (29) 

E(30) 

TIN (31) 

-15dBm(32) 

-13clBm(33) 

-11dBnn(34) 

-9dBm(35) 

-7d8m (36) 

.-5dBm (37) 

-3dBm(38) 

-1 dBm (39) 



?5 



.325 
(8.26) 



\b25 (.64) SQ. PIN 
39 PLACES 



Transmitter Module Package 



1.025 
(26.04) 



G2( 9) ^ 

GAIN (10) -- 

„G1 (11) -- 

RECIN(12) ■• 



£ (8) EQ IN 
■■ (7)REC0UT 
■- (6)EaOUT 
■ - (5) RLSD IN 
■> (4)T109 
■• (3)THRH 
(2) RLSD 
(1 ) RBCK 



-12V (13) 
^-12V(14) ^ 
COM (15) m 



1.900 
(48.26) 



\025 (.64) SQ. PIN 
15 PLACES 



Receiver— R1 IModuie Package 
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(COMPONENTS) 



k 



T 

.062 



°^ 



i 



~r .100 

JO ±007 
MAX. 
(LEAD PROTECTION) 



.800 










f 








AGCIN(21) a 




1 .325 
(8.26) 
















(20.32) 
1 


-i 


] (20)FSYC 
- (19)CP15 

■ (18)TH09 
(17)CP04 

■ (16) PBS 

' (15)TC09 

■ (14)S8GR 


1109(22) - 
THRH(23) - 
RLSD (24) ■ 
RBCK (25) ■ 
AGC OUT (26) - 
IANAL0G(27) - 














■ (13)V26A 






2.500 








■ (12)1 




(63.50) 3.530 1 


















(10)Clj\MP 






(89.66) 






( 9) Till 








MAX. 






( 8)R2W/4W 
















( 7)PE 

( 6)1115 

- ( 5)T104 












jL 




. ( 4>DCP 

■ ( 3)A 

■ ( 2)RCVDS 












f 

.100 




a^{ DSYC 


■5V(28) • 
COM (29) ■ 


.. 
















•12V (30) 








(2,54) 




\ 


-12V (31) i 


i 






TYP. 














L 


\ 




.J 




\025 (.64) SQ. 


PIN 






31 PLACES 







NOTE: This cross-section is common to all modules. 



Receiver — R2 Module Package 

NOTES: 1) Dimensions in inches (millimeters). 
2) Component side shown 
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PRINTED CIRCUIT BOARD MOUNTING 
OPTIONS FOR THE R24 MODULES 

Three methods of mounting are commonly used. Each configura- 
tion has certain distinct advantages. 



Mounting 


Type of Connection 


Basic 


Method 


or Connector Used 


Advantage 


Standard Flush 


Wave Soldered Into Standard 


Lowest Height 


PCB Component 


PCB Eyelets 


Profile 


Mount 






Above Board 


Connectors (SAE Series 


Plug-in Capa- 


Low Profile 


300borMethode Series 1000) 


bility at Low 


Socket 


These Sockets are Wave 
Soldered Into Standard 
PCB Eyelets 


Cost 


PCB Plug-in 


Connectors (AMP Miniature 


Lowest Pro- 


Sockets (Bullets) 


Spring Sockets.) 


file for Plug-in 




Pin Sockets are Individually 


Capability 




Soldered Into PCB Eyelets 





R24 MODEM JEWLUATION BOARD 

To facilitate evaluation and design-in of the R24 modem for new 
and existing equipment designs, an R24 Modem Evaluation 
Board (R24MEB) is available. The R24MEB can be easily com- 
bined with terminal systems for real-time performance 
evaluation. 



ENVIRONMENTAL SPECIFICATIONS: 

Operating temperature: 0°C to 60°C 

Storage temperature: ~40°C to -i- SCC 

Relative humidity: to 95% (non-condensing) 

Altitude: -200 to 10,000 feet (-6.1 meters to 3,049 meters) 

Burn-In: 96 hours at 70°C 

Ordering Information 

When ordering, specify products as follows: 

R24 — Set of 3 modules (T, R1 , R2) 
R24MEB — Modem Evaluation Board 





RECEIVER 




TRANSMITTER 


/ 






m^ 






W 


p 



R24 Modem Evaluation Board (R24MEB) 

The Modem Evaluation Board is equipped With a standard 31 
pin edge connector, control switches, output level jumper, and 
interface transformers. These features allow full coritrbl of the 
interface circuitry. In addition, this unit can be used directly in 
a U.S. leased line configuration. The R24MEB is recommended 
for all first-time users to assist in their evaluation. Complete 
documentation is supplied with each initial R24MEB. 



10-108 



R24MEB 

Integral Modems 




R24MEB 
MODEM EVALUATION BOARD 



INTRODUCTION 

To aid the user in the design phase of leased line modems, 
Rocl<well has made available the R24 Modem Evaluation Board 
(MEB). The R24MEB is a convenient cost effective means for 
evaluation and design-in of the R24 2400 bps Integral Modem. 

The Modem Evaluation Board is equipped with pin receptacles 
for mounting and interfacing the three R24 receiver and transmit- 
ter modules (R1, R2 and T). In addition to all interconnections 
being etched on the back of the board, the R24MEB also pro- 
vides telephone coupling transformers, transient protection cir- 
cuits, DIP switches (for option selection and gain control) and 
a DIP socket for jumper selection of the transmitter output level. 
A 31 -pin edge connector (with Industry standard 0.125 inch con- 
tact centers) provides pin-in/pin-out, as well as power connections 
for analog and digital interface signals. 

These features allow full control of the modem interface circuitry. 
Also, the complete R24 modem can be used directly in a U.S. 
leased line configuration. The R24MEB is recommended for all 
first-time users to assist in their evaluation. Complete documen- 
tation Is supplied with each initial R24MEB. 



FEATURES 

• Convenient evaluation method of R24 Integral Modem 
modules 

• Exercises all R24 Integral Modem features 

• Easily integrated into a prorotype system 

• Cost effective for low-volume applications 

• Will serve as incoming test vehicle 

• Standard board edge connector 

• Pin receptacles for easy mounting/interfacing R24 modules 
(R, R2, T) 

• Complete option select switches 

• Transmitter output level strap selectable 

• Backed by complete customer support documentation package 
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Modem Evaluation Board 
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R24MEB Functional Diagram 



ORDERING INFORMATION 

When ordering, specify products as follows: 

R24MEB — Modem Evaluation Board 
R24 — Set of 3 modules (T, R1, R2) 



BOARD DIMENSIONS 

Width: 5.875 in. (14.923 cm) 
Depth: 6.813 in. (17.305 cm) 
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RDAA 
ROCKWELL DATA ACCESS 
ARRANGEMENT MODULE 



PRELIMINARY 

SECTION 1 — INTRODUCTION 



This document is an aide to customers installing, operating and 
troubleshooting the Rockwell Data Access Arrangement (RDAA) 
Module designed and manufactured by Rockwell International. 

THE RDAA MODULE 

The RDAA Module enables the modem user to make direct con- 
nections of their modems to the domestic switched telephone 
network. The RDAA is completely registered with the Federal 
Communications Commission under Rules Part 68. Therefore, 
no user re-registration of OEM data communication equipment 
is necessary when used with the RDAA. This means a definite 
cost-savings for the OEM equipment designer. 

In addition to establishing your desired data transmission path, 
the RDAA also features an automatic answering function, line 
surge and hazardous voltage protection, switch hook status 
indication, ringing indication and automatic signal level control. 
Automatic dialing can be performed by pulsing the OH relay or 
by transmitting tone pairs. 



FEATURES 

• Pre-registered (under FCC Rules, Part 68) for direct connec- 
tion to dial telephone network 

• Integral Data Access Arrangement (DAA) 

• Automatic dialing — pulse or tone 

• Establishes data transmission path 

• Automatic answering function 

• Surge and hazardous voltage protection 

• Switch hook status indication 

• Ringing indication 

• Automatic line signal output limiting 

• Programmable or Permissive (strap selectable) connection 
arrangements 

• Small size (approximately 3.95" by 3.94") (100 mm. by 
100 mm.) 
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The RDAA is easily incorporated into the users end product by 
either using the provided mounting holes, and/or using the card- 
guides without card-edge connector. The small size of the RDAA 
makes it ideal for piggyback type mounting. 

The Rockwell RDAA printed circuit board is 3.94 inches (100 
mm.) in width and 3.94 inches (100 mm.) in depth. 

SELECTABLE CONFIGURATIONS 

As a prerequisite, telephone companies require that the signal 
level received at their local central office not exceed -12 dBm. 
Several different connection arrangements have been estab- 
lished (as documented in the FCC Rules, Part 68) to meet this 
requirement. 

By jumper selection (Figure 1) the RDAA can be configured to 
operate In either the Programmable (PG) or Permissive (PM) 
connection arrangement. This is accomplished by placing the 
jumper in either the W2 or W1 locations for the desired mode. 
W1 jumper in, W2 jumper out for the permissive mode. W2 
jumper in, W1 jumper out for the programmable mode. 



When the Permissive connection arrangement is employed, the 
maximum signal output level across T and R Is fixed at -9 dBm. 
The Permissive jacks (RJ1 1C) used for line connections are the 
same jacks used for standard voice installations. Therefore, this 
arrangement provides for greater mobility of user equipment. 

RDAA DIMENSIONS 

The dimensions for the RDAA Module are given in Figure 2. 

MATING CONNECTORS 

The mating connectors of the RDAA are as follows: 

1 . Two row (1 4 pins) ribbon type connectors .1" spacing between 
pins. 




OOOOOOD 

ooooooo 



Figure 1. RDAA Module Jumper Selection Location 



When using the Programmable connection arrangement, the 
maximum signal level allowed to be transmitted across T and 
R is set by a resistor installed by the telephone company in their 
wall jack (RJ45S or RJ41S) at the customer location. The resistor 
interacts with the RDAA through the leads PR and PC to pro- 
gram the maximum output level in one dB steps between -12 
dBm and dBm. Selection of the resistor from thirteen possible 
values is based on loop loss measurements performed by the 
telephone jack installer. The Programmable arrangement pro- 
vides for the transmission of the maximum allowable amount of 
power. Therefore, this arrangement offers optimum perfor- 
mance over long loops. 



Figure 2. RDAA Module Dimensions 
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SECTION 2 — INTERFACE DESCRIPTION 



INTERFACE CIRCUIT DESCRIPTION 

The following paragraphs describe in detail the RDAA interface 
circuits shown in the block diagram (Figure 3) and the interface 
circuits listing (Table 2-1). 



PR>- 
PC>~ 



R>- 



+ 12V >- 
-12V>- 
+ 5V>- 



MIC>- 



600 OHM 

— vs/v 



PROTECTION 



RING 

DETECTOR AND 

BUFFER 



^/w— 1> 



SIGNAL 
LEVEL 
LIMITER 



'iHL 



-<0H 



-^J^SG 



-<RCCT 



Figure 3. RDAA Functional Block Diagram 



Table 2-1. RDAA Interface Circuits 



Lead Designation 


Signal Direction To: 


Function 


User 


RDAA 


Both 


R, T 
Ml, MIC 
PR, PC 






X 
X 
X 


Transmission leads for data signals. 
Leads to telephone set switch hook. 
Leads to programming resistor. 


+5V, +12V, -12V 




X 




DC power required. 


SG 
RD/ 

RCCT 
OH 
SH 

CCT/ 
TXA 
RXA 


X 

X 
X 

X 


X 
X 

X 


X 


Signal ground required. 

Ringing signal present indication. 

To request data transmission path cut through. 

To control Off-Hook relay. 

Status of telephone set switch hook. 

Transmission path cut through indication. 

Lead to modem output. 

Lead to modem input. 
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SG 

The SG (Signal Ground) is the common reference for all modem 
interface signals. 

RD/ 

RD/ (Ring Detect) indicates to the user by an ON (Low) condi- 
tion that a ringing signal is present. The RD/ signal will not 
respond to momentary bursts of ringing less than 1 25 ms in dura- 
tion, or to less than 40V rms, 15 to 68 Hz appearing across Tip 
and Ring with respect to ground. RD/ is also used to disable 
the transmission path. The electrical characteristics of the RD/ 
signal are shown in Table 2-2. 



Table 2-2. Output Signals RD/ 
SH and CCT/ Characteristics 



Output 
Logic State 


Output Levels 


LOW 
HIGH 


0.0 to 0.4V while sinking < 1 .6 ma 
2.4 to 5.0V while sourcing < 40 txA 



RCCT 

ROOT (Request Coupler Cut-Through) is used to request that 
a data transmission path through the RDAA be connected to 
the telephone line. When RCCT goes OFF (Low), the cut-through 
buffers are disabled and CCT will go OFF (High) within 1 millisec- 
ond. RCCT must be OFF (Low) during dial pulsing but ON (High) 
for tone address signaling. The electrical characteristics of the 
RCCT signal are shown in Table 2-3. 



Table 2-3. Input Signals ROOT and OH Characteristics 



input 
Logic State 


Input Levels 


OFF or LOW 
ON or HIGH 


0.0 to 0.8V, load current < 0.36 ma 
RCCT = 2.0 to 5.0V, load current ^ 20 ^a 
OH = 2.0V, load current ^ 100 ^a 
5.0V, load current ^ 250 fxa 



OH 

OH controls the OFF-HOOK relay. Applying an ON (High) signal 
to OH closes the OH relay and establishes a DC path between 
T and R. Maximum delay between the ON signal to OH and the 
close of the OH relay is 10 ms. When originating a call, an ON 
(High) signal is used to request dial tone. After detecting dial 
tone, OH can be pulsed to generate the dial pulses corre- 
sponding to the number of the called station (see Section 4.2). 
On incoming calls, an ON (High) signal to the OH lead initiates 
the answering sequence (see Section 4.1). The characteristics 
of the OH signal is shown in Table 2-3. 



NOTE 

WARNING. If OH is asserted to a logic high before the 
incoming call ring signal is completed, the OH reed relay 
switch contacts may suffer degradation. 



SH 

An ON (High) signal on the SH lead indicates to the user that 
the associated telephone (if used) is in the talk mode i.e., a con- 
tact closure exists between Ml and MIC. The characteristics of 
the SH signal are shown in Table 2-2. 

CCT/ 

CCT/ is the Coupler Cut Through. An ON (Low) signal to the 
CCT/ lead indicates to the user that the data transmission path 
through the RDAA is connected. The ON (Low) state does not 
indicate the status of the telephone line or connection. The 
characteristics of the OCT/ signal are shown in Table 2-2. 

TXA 

TXA (Transmit Analog) is the lead from modem transmitter out- 
put. This lead should be tied to GND when the modem is in the 
receive only mode. 

RXA 

RXA (Receive Analog) is the lead to modem receiver input. This 
lead may be left open when the modem is in the transmit-only 
mode. 



POWER REQUIREMENTS 

The following power must be provided at the RDAA interface. 

A. +12 VDC ±5% @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak 

B. +5 VDC ±5% @ 20 ma with a maximum ripple of 100 mv 
peak-to-peak 

C. -12 VDC ± 5% @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak. 



HAZARDOUS VOLTAGE PROTECTION 

Lightning induced surge voltages and other hazardous voltages 
are limited to 10.0 volts peak between the secondary leads of 
the coupling transformer T1 . The isolation between the relay 
contacts and coils provides the protection of the telephone tine 
from hazardous voltages appearing on any control lead. 
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RING DETECTOR AND TIMER 

When the Ring Detector detects the presence of a ringing signal 
ranging from 15.3 to 68 Hz with voltage levels of 40 to 150 VRMS 
across Tip and Ring (T and R) leads, after a delay of 125 ms 
to 500 ms, It will send an RD/ (Ring Detect) signal to the user's 
data terminaJ equipment (DTE). If the DTE is conditioned for 
answering, the DTE will return an ON signal on OH and RCCT. 
The OH signal closes the OH relay and starts a timer. The timer 
is used to provide a quiet interval of more than two seconds 
between the closing of OH relay and the connection of data 
transmission path. This allows the telephone company to prop- 
erly engage their billing equipment. After this delay the CCT/ 
interface lead goes ON (Low) and data transmission may begin. 

RD/ will go OFF (High) in less than 400 MSEC after the ringing 
signal is stopped. The ring detector is disabled when OH is ON 
(High) or SH is ON (High). 



The output control circuitry contains a variable gain buffer which 
reduces the RDAA output to the maximum allowed level across 
T and R. When the RDAA is jumpered to operate in the Pro- 
grammable mode, the resistor in the telephone company wall 
jack sets the output level to one of thirteen possible values. If 
the RDAA is jumpered to operate in the Permissive mode, then 
an internal resistor will set the output to a fixed value. The rela- 
tionship between the RDAA input amplitude (in dBm) across 
TXA and GND and the nominal RDAA output level across T and 
R is given below: 

A. For Programmable mode: output level across T and R =s 
(input amplitude at TXA - 7 dB + (Programmed level set by 
wall jack resistor). 

B. For Permissive mode: output level across T and R = (input 
amplitude at TXA) - 16 dB. 



SIGNAL LEVEL LIMITER AND GAIN 
CONTROL CIRCUITRY 

The limiter monitors the signal level applied to the RDAA input 
lead TXA and is unaffected by the level of receive signal. When 
the applied sigrial amplitude becomes greater than + 7 dBm for 
a period of 1.3 to 3 seconds, the transmission path is discon- 
nected via the transmit and receive buffers, and the output signal 
GOT/ will go OFF (High). 

NOTE 

The off-hook relay is not affected by the limiting function, 
therefore, so triggering the limiting function need not result 
in call termination. 



Reducing the input signal amplitude to less than +7 dBm will 
reset the limiter in less than 4 milliseconds, restore the data 
transmission path, and cause the signal CCT to go ON (Low). 

In order not to activate the limiter during normal operation, care 
must be taken to ensure that the maximum signal amplitude into 
the RDAA input TXA never exceeds +6 dBm. If the modem 
output has a tolerance of ± 1 dB, then it is recommended to set 
the modem output to +5 dBm (± 1 dB), so that the maximum 
signal amplitude into TXA is 6 dBm. 



IMPEDANCE SPECIFICATIONS 

On-Hook DC: The DC resistance between T and R, 

and between either T or R and signal 
ground are greater than 10 megohms 
for DC voltages up to 100 volts. 

On-Hook AC: The on-hook AC impedance 

measured between T and R is less . 
than 40K ohms (15.3 Hz minimum). 

Off- Hook DC: Less than 1 00 ohms. 

Off-Hook AC: 600 ohms nominal when measured 

between T and R. 

TXA and GND: 2 megohms typical (operational 

amplifier voltage follower input 
impedance). 

RXA and GND: 75 ohms typical (operational amplifier 

voltage follower output impedance). 



INSERTION LOSS 

There is no insertion loss for the RDAA. The RDAA contains a 
receive buffer which compensates for transformer insertion loss. 
For this reason, additional receive buffering is not necessary. 
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SECTION 3 — INSTALLATION/CHECKOUT 



RDAA CONNECTION TO TELEPHONE LINE 

Connection of the telephone line interface pins of the RDAA to 
the network shall be made via standard jacks and plugs as 
shown in Figure 4. Cable color codes are also shown in Figure 
4. A number of telephone line cord manufacturers produce the 
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir- 
ginia Plastics, Roanoke, VA, etc.) 



TELEPHONE SET AND JACK 

ORDERING INFORMATION 

If it is desirable to have manual call origination or alternate voice 
capability, an exclusion key telephone set may be ordered from 
a local telephone company. The telephone line may be trans- 
ferred to the telephone set by lifting both the handset and the 
exclusion key, if the telephone is configured as Data Set Con- 
trols Line. This operation is for manual origination or alternate 
voice transfer (refer to paragraph 4.4 for manual origination pro- 
cedure). A call may be terminated by replacing the handset in 
its cradle and taking OH low if OH Is not already low. 
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RJ41S IS A UNIVERSAL JACK WHICH 
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THE PROGRAMMABLE MODE OR 
FIXED-LOSS LOOP (FLL) MODE 
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Figure 4. Standard Jacks, Plugs and Cable Color Codes 
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The ringer of the telephone set may be disconnected by the 
telephone company to prevent the bell from ringing. 

The telephone company provides an exclusion key telephone 
under the Universal Service Order Code (USOC) RTC. This tel- 
ephone set has the following customer options: 

A. A1 - Telephone set controls line 

B. A2 - Data set controls line 

C. B3 - Aural monitoring not provided 

D. 84 - Aural monitoring provided (See Note 1 ) 

E. C5 - Touch tone dial 

F. C6 - Rotary dial 

G. 07 - Switch hook indication 

H. D8 - Voice mode indication only (See Note 2) 

NOTES 

1. The aural monitoring feature allows the telephone 
handset to be used for listening to line signals without 
interfering with data transmission. 

2. In this option the make contact of the exclusion key and 
a make contact on the switchhook are connected in 
series and to the mode indication leads Ml and MIC of 
the data jack. Therefore, the SH signal of the RDAA 
goes ON only when the exclusion key is lifted. 



When ordering this telephone, specify the USOC number RTC 
and the following options: 

A. A2 - Data set controls line 

B. B3 - Aural monitoring not provided 
or 

B4 - Aural monitoring provided 

C. C5 - Touch tone dial telephone (503C) 
or 

06 - Rotary dial telephone (2503C) 

D. D8 - Voice mode indication only 

Another telephone set provided by the telephone company is 
the Model 502 with exclusion key. To order this telephone set, 
specify the following: 

A. Modem 502 with exclusion key 

B. Data set controls line 

A summary of the information for ordering telephone and jacks 
is given in Table 3-1. Examples of typical installation are given 
in Figure 3-2. 





Table 3-1. Telephones and Jacks Ordering Information 




Output 
Configuration 


Optional 
Telephone Set 


FCC 
Reg. No. 


Ringer 
Equivalent 


Telephone Jack 
USOC No. 


Telephone Set 
USOC No. 


Programmable 
Permissive 


With 
Telephone Set 

Without 
Telephone Set 

With 
Telephone Set 

Without 
Telephone Set 


AMQ9SQ 

67943 

DP-E 

AMQ9SQ 

67943 

DP-E 

AMQ9SQ 

67943 

DP-E 

AMQ9SQ 

67943 

DP-E 


.SB 
.8B 
.88 
.88 


^RJ36Xand 
2-3RJ45S 

2-3RJ45S 

'RJ36XandRJ16X 

'or 
/RJA2X and RJ11C 
RJ11C 


RTC or 502 
with exclusion key 

N.A. 

RTC or 602 
with exclusion key 

N.A, 


Notes: 

1. RJ36X is ar) 8 position miniatMre jack into which the telephone plugs. Rather than using an RJ36X jack, the telephone company may use a 
connecting block to connect the telephone set anci clata jack to the telephone line. 

2. RJ41S is a universal data jack. It may be used for either Programmable or Fixed-Loss Loop mode. The RJ45S jack is preferred, because it 
costs less. 

3. For multiple connections, the RJ45M jack should be ordered. The letter M indicates multiple single line jack for up to 8 lines. Specify the number 
of lines required when ordering. 

4. RJA2X is the adapter shown in Figure 3-1. The use of the RJ36X and RJ16X jacks is recommended. 
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OHRCCTRD/ SH CCT/ 

TTTTT 





m' 


RDAA 


TXA 


TX 


MODEM 


R 


T 


RXA 


OUTPUT 
RX 


MIC^ 


pr2 


PC^ 




INPUT 






1. Ml AND MIC ARE REQUIRED ONLY IF HANDSET IS USED. 

2. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 

3. STANDARO TELEPHONE CO. PROVIDED JACK RJ16X, RJ45S OR RJ41S. 

4. RJ36X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS USED. WHEN THE RDAA 
IS IN THE PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C OF FIGURE 4 MAY BE USED WITH THE 
ASSOCIATED TELEPHONE SET. 



Figure 5. Transmit and Receive (Half Duplex) and (Full Duplex) 



MODEM INTERFACE 

There are 4 possible two-wire modes of operation configura- 
tions: receive-only, transmit-only, and receive and transmit (half 
duplex) and full-duplex (using two different frequencies simul- 
taneously) as described below: 



For the transmit-only configuration, the RDAA lead RXA is 
left open rather than connected to the modem receiver as 
shown in Figure 5. 



A. For the half-duplex and full-duplex configurations, the inter- 
face connection circuitry could be as shown in Figure 5. 

B. For the receive-only configuration, the connection circuitry is 
the same as that shown In Figure 5, except that the RDAA 
input lead TXA is grounded rather than connected to the 
modem transmitter output. 



For a 4-wire full-duplex configuration, 2 RDAA modules and 2 
telephone lines are required. The connection circuitry consists 
of one 2-wire receive-only connection, and one 2-wire transmit- 
only connection. 
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MODULE MOUNTING AND SECURING 

The RDAA may be physically incorporated into the OEM's end 
product by using the four corner (0.156 inch diameter) mounting 
holes and self-locking plastic standoffs, or by bolting the RDAA 
module to a rigid structure. The RDAA module may also be 
mounted using card guides without card edge connector. 

A number of manufacturers such as Richlock Corporation, Chi- 
cago, IL, produce plastic standoffs (Part Number CBS-3N). 

ELECTRICAL INTERFACE 

Electrical connection to the RDAA module is made through 
ribbon type connectors. The connector(s) interface pins (Figure 
2) are contained on the component side of the board. There are 
two test points brought out to the interface connector of the 
board. Therefore care must be taken to prevent shorting test 
points with any of the other interface signals. 

The RDAA telephone line interface connector pins are physically 
separated from the RDAA DTE interface connector pins, as 
shown in Figure 2 and described in Table 3-2. 



Care must be taken in routing the telephone interface pins to 
the telephone jack. The FCC (Rules, Part 68) requires that the 
telephone interface leads shall be separated from the leads or 
metallic paths connecting to power connections. 

NOTE 

Power connections are those connections between com- 
mercial power and any transformer, power supply rectifier, 
converter, or other circuitry associated with the RDAA. 
The connection of the interface pins (including the ±12V 
and +5V) shown in Figure 2 are not power connections. 

The telephone interface leads shall not be routed in the same 
cable (or use the same connector) as leads or metallic paths 
connecting to commercial power. 

FCC (Rules, Part 68) also requires that the telephone leads T 
and R be separated from metallic paths to leads connecting to 
non-registered equipment, when specification details provided 
to FCC do not show that the interface voltages are less than 
non-hazardous voltage source limits in Part 68. T and R shall 
not be routed in the same cable (or use adjacent pins on the 
same connector) as metallic paths to leads which are not con- 
sidered non-hazardous. All DTE interface connector signals 
shown in Table 3-2 have been established as non-hazardous. 



Table 3-2. RDAA Telephone and 
Modem Interface 



Type 

Interface 

Circuit 


RDAA 

Connectors/ 

Pin No. 


Interface 
Circuit/Signal 


DTE 

Interface 

Connections 


P2-1 
P2-2 
P2-3 
P2-4 
P2-5 
P2-6 
P2-7 
P2-8 
P2-9 
P2-10 

P2-11 
P2-12 
P2-13 
P2-14 


CCT/ 

RXA 

TXA 

OH 

RCCT 

RD/ 

-12V 

SH 

GND 

TP2 EXCESSIVE 

POWER DbTbCT 

+ 12V 

+5V 

N/U 
TP1 BILLING 
DELAY TIME 


Telephone 
Line 

Interface 
Connections 


P1-4 

P1-3 

P1-1 

P1-2 

PI -(5-8) & (11-12) 

PI -9, 10 

P1-13, 14 


PC 
PR 
MIC 
Ml 
(Not Used) 

R 

T 



Therefore, in routing the telephone interface leads from the 
RDAA PI connector to the telephone jack, the following pre- 
cautions must be strictly adhered to. The telephone jack inter- 
face routing path should be as direct as possible. Any cable 
used in establishing this path should contain no signal leads 
other than possibly the (previously established as non-haz- 
ardous) DTE interface signals shown in Table 3-2. Any con- 
nector used in establishing this path should contain no 
commercial power source signal leads, and adjacent pins to the 
T and R (Tip and Ring) pins in any such connector should not 
be utilized by any signals other than possibly those shown in 
Table 3-2. Also the DTE interface routing path should be made 
as short as possible. 

INSTALLATION PROCEDURE 

A. Check the telephone line interface cable(s) plug(s) and jack(s) 
(Figure 4). If the USOC RJ41S jack is used for the Program- 
mable mode, ensure that the jumper W2 is installed and W1 
jumper is removed for the programmable mode of operation. 

B. Make sure the telephone company installer has measured 
the loop loss correctly and has selected the proper program- 
ming resistor in the RJ45S or RJ41S jack. 

NOTE I 

You have the right to know the method used by the 
installer for measuring loop loss and selecting the pro- 
gramming resistor. 
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C. Check the power supplies to see if they meet the proper 
requirements specified in paragraph 2.2. 

D. Insert the telephone cable plug into the jack, and make the 
DTE interface connection. Then switch on the power supplies. 

OPERATIONAL CHECKOUT PROCEDURE 

The following procedures check out the RDAA in association 
with a modem, a data terminal, a telephone set and an auto- 
matic dialer. The telephone set is required only in the manual 
origination mode (refer to paragraph 4.4) or if alternate voice 
communication is desired. The automatic dialer is required only 
in the automatic dial mode (refer to paragraph 4,3). 

AUTOMATIC ANSWER MODE 

A. Set the modem transmitted output level to +5 dBm. 

B. Call the local modem from a remote station. 

C. Follow the instructions given In Figure 6. 

D. Transmit data from the local terminal to the remote terminal 
and monitor the CCT/ signal. It should stay low. 

E. Terminate the call sequence and verify the received data. 

AUTOMATIC ORIGINATE MODE 

A. Set the modem transmitted output level to +5 dBm. 

B. Follow the procedure of Figure 8 for touch tone origination 
or Figure 7 for pulse dial origination. 

C. Transmit data from the local terminal and monitor the CCT/ 
signal. It should stay low. 

D. Terminate the call sequence and verify the received data. 

MANUAL OPERATION MODE 

A. Set the modem transmitted output level to +5 dBm. 

B. Follow the instructions given in paragraph 4.4. 

C. Transmit data from the local terminal. CCT should stay low. 

D. Terminate the call sequence and verify the received data. 



A. All direct connections to the telephone lines shall be made 
through standard plugs and jacks as specified in Figure 4 
and Table 3-1. 

B. It is prohibited to connect the RDAA to pay telephones or 
party lines. 

C. You are required to notify the local telephone company of 
the connection or disconnection of the RDAA, the make, the 
modem number, the FCC registration number, the ringer 
equivalence number (refer to Table 3-1) and the particular 
line to which the connection is made. If the proper jacks are 
not available, you must order the type of jacks to be used 
from the telephone company. (Refer to Table 3-1 for the 
proper jacks and telephones.) 

D. You should disconnect the RDAA from the telephone line if 
it appears to be malfunctioning. If the RDAA needs repair, 
return it to Rockwell International. This applies to equipment 
both in and out of warranty. Do not attempt to repair the unit 
as this will violate the FCC rules. 

E. The RDAA contains protective circuitry to prevent harmful 
voltages being transmitted to the telephone network. If how- 
ever, such harmful voltages do occur, then the telephone 
company has the right to temporarily discontinue your ser- 
vice. In this case, the telephone company shall: 

1 . Promptly notify you of the discontinuance. 

2. Afford you the opportunity to correct the situation that 
caused the discontinuance. 

3. Inform you of your right to bring a complaint to the FCC 
concerning the discontinuance. 

F. The telephone company also has the right to make changes 
in their facilities and services which may affect the operation 
of your equipment. However, you shall be given notice in 
writing by the telephone company adequate to allow you to 
maintain uninterrupted service. 

G. Labeling Requirements: 



1 . The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product: 



SPECIAL INSTRUCTIONS TO USER 

Your Rockwell Data Access Arrangement has been registered 
with the Federal Communications Commission (FCC). To comply 
with the FCC regulations you are requested to observe the 
following: 



Unit contains Registered Protective Circuitry 
which complies with Part 68 FCC Rules 

FCC Registration Number: 

Ringer Equivalence: .8B 



2. The size of the label should be such that all the required 
information is legible without magnification. 
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SECTION 4 — OPER/VTING INSTRUCTIONS 



AUTOMATIC ANSWER 

The connection of the data transmission path for autonnatic 
answer is as described in paragraph 2.4. To disconnect the data 
transmission path, just turn off OH and/or DA, as shown in 
Figure 6. 







1 

RD/ON 






R 
D 
A 
A 




T 
E 


^ 'OH&RCCT-ON 




1 

2-SECOND MINIMUM DELAY 

1 

COT/. ON 




-^ 


1 

ANSWER TONE 






1 

DATA TRANSMISSION 






1 

*0H & RCCT - OFF 






1 

OCT/ - OFF 






1 









•DA MAY BE ON PERMANENTLY FOR AUTOMATIC ANSWER. 



Figure 6. Automatic Answering Sequence 



AUTOMATIC DIAL 

DIAL PULSE ORIGINATION 

The DTE must provide the logic to turn ON the OH and DA 
leads, detect dial tone (or time for 3 seconds to ensure dial tone 
present), then turn OFF the DA lead and generate the dial 
pulses corresponding to the called number (Figure 7). The 
2-second delay period between OH and DA going ON and the 
response of CCT going ON will not be invoked in the origination 
mode. The DTE should monitor for call progress indication (dial 
tone, busy tone, answer tone, and call intercept). 
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' 1 
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DETECT DIAL TONE^ 
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ROOT - 0FF2 










CCT/-0FF3 






'R 
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I 
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CCT/ - 0N3 










DETECT ANSWER TONE^ 
i 










1 

DATA TRANSMISSION 








-- 


1 

oh&rCCt-off 








1 

COT/ -OFF 






i 









IDLE 
NOTES: 

1. DIAL TONE DETECTION IS NOT PROVIDED WITHIN THE RDAA. 
ALTERNATIVELY, DTE MAY START FROM.IDLE, TURN ON OH, 
THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT 
AND PULSE OH FOR NUMBER. 

2. DA MUST BE OFF DURING DIAL PULSING. DA MAY BE ON AT 
ALL OTHER TIMES. 

3. THE DA TO CCT RESPONSE TIME IS LESS THAN 1 MS. 

4. ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 
WrrHIN THE RDAA. 

Figure 7. Dial Pulse Origination Sequence 



face with Voiceband Ancillary and Data Equipment" 
(PUB 47001). 

The following is an example for pulse dialing the digit #2 through 
the OH lead. 



Requirements for proper call establishment exist on the pulse 
repetition rate (8 to 11 pulses per second), off duty cycle 
(6p percent nominal), interdigital delay timing (600 ms to 
2 seconds) and chatter and spurious makes and breaks. The 
RDAA off-hook relay is a Fleed relay designed to long life. Bell 
System requirements for pulse and touCh-tone dialing are 
described in their Communications reference "Electrical 
Characteristics of Bell System Network Facilities at the Inter- 



INTERDIGITAL 
INTERVAL 
600ms TO 2 SEC 



M 
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The OH lead can be pulsed directly via microprocessor port, or 
a commercially available "binary to dial pulse" LSI device such 
as the Rockwell CRG 8000, the General Instrument AY-5-9151 
series, or the Motorola MC 14408. These devices can accept 
4-bit binary digitalinputs, buffer these digits, and output the OH 
dial pulses upon command. Also available from numerous 
semiconductor manufacturers (National, Mostek, General 
Instrument, Motorola, etc.) are LSI devices capable of inter- 
facing directly to a key board and producing suitable dial pulses. 

TOUCH-TONE ORIGINATION 

The user's terrninal must provide the logic to turn ON the OH 
and RCCT signals, detect the dial tone (or time for 3 seconds 
to ensure dial tone present) arid transmit the tone-address 
signals via the TXA lead (Figure 8). The 2-second delay period 
betweeri OH and ROOT going ON and OCT/ going ON is not 
Invoked in the ongination mode. The DTE should monitor for 
call progress indications(dial tone, busy tone, answer tone, and 
call intercept). 

It should be noted that tone address signaling method is sig- 
nificantly more complicated in terms of hardware requirements 
than simple pulse dialing. The necessary tone pair generators 
rtiust be added by the user. A number of semiconductor man- 
ufacturers produce monolithic LSI tone generators (AMI, Mostek, 
Motorola, National, General Instrument, Intersil, etc.). These 
tone pair generators are designed to interface with keyboards 
or digital ports and may require varying degrees of additional 
low pass filtering to reduce harmonic distortion. Touch-tone 
dialing is significantly faster than pulse dialing, but it may not be 
available in some locations. 
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1 

•OH & DA OFF 










1 
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1 









•DA MAY BE PERMANENTLY ON. 

•ALTERNATIVELY, USER MAY TIME FOR 3 SECONDS TO 
ENSURE DIAL TONE PRESENT. 

•ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 
WITHIN THE RDAA. 



Figure 8. Touch-Tone Origination Sequence 



Bell System requirements exist on minimum and maximum tone 
pair transmit power for proper call address signaling. When the 
RDAA is in the programmable mode, the gain of the RDAA 
transmit leg is set by a programming resistor in the telephone 
jack (over thirteen possible values). This makes establishment 
of the tone pair signal level to be input to the RDAA (at TXA) 
which meets the Bell System requirements difficult. It is there- 
fore necessary to operate the RDAA in the Permissive mode for 
touch-tone origination. In this event the proper input power level 
(per frequency pair) to the RDAA (at TXA) would be + 15 dBM 
(nominal). This level is well above the RDAA automatic 
llmiter threshold. But the RDAA limiter activates (cuts off trans- 
mission path) only if threshold power level is continuously 
exceeded for about one second minimum, and quickly resets 
itself if the power level drops below threshold.lf the tone pair 
duration time Is restricted to significantly under one second (the 
minimum duration requirement is only 50 milliseconds) and the 
minimum interdigital time requirement (45 milliseconds) is 
observed, the limiter will not be activated. These requirements 
ai'e easily met if the tone pair generation is under logic control. 
If the generation is controlled via keyboard input, the limiter will 
be activated if a key is depressed and held for more than a 
second, but will recover during the Interval between key clo- 
sures. However, the possibility exists that transients occurring 
at limiter activation and resetting may endanger proper call 
origination. 

AUTOMATIC CALLING UNIT 

Automatic dialing capability may also be added to a data trans- 
mission system simply by purchasing or leasing a separate box 
termed an "Automatic Calling Unit" (ACU). Such units are avail- 
able from a variety of manufacturers. ACU's are available uti- 
lizing pulse or tone dialing. Connections of ACU to the data 
transmission system may be different for different AC Us. The 
standard protocol involved in Interfacing between the user's 
data terminal equipment and an ACU is documented in CCITT 
Recommendation V.25 and also In EIA Standard RS-366. 
"Interface Between Data Terminal Equipment and Automatic 
Calling Equipment for Data Communication." It should be re- 
emphasized that a separate ACU is not necessarily required for 
automatic dial capability. The RDAA and some external hard- 
ware and/or software (as previously described) can suffice. 

MANUAL ORIGINATION 

For manual origination a telephone set with an exclusion key 
must be ordered from the local telephone company (refer to 
Table 3-1). After lifting both the handset and the exclusion key, 
a call may be originated or answered in the same manner as 
normal telephone service. When the handset and the exclusion 
key are lifted (Ml is shorted to MIC), the signal SH is turned ON. 
If the user's data terminal Is ready, it may respond with OH and 
RCCT. The RDAA will then turn ON the CCT/ signal. When 
answer tone is heard, the operator replaces the handset in Its 
cradle, the SH signal will go Low and the data transmission path 
is connected. When data transmission is completed, the terminal 
turns OFF the OH signal and returns to the idle state. 
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SECTION 5 — FAULT ISOLATION 



CUSTOMER REPAIR LIMITATIONS 

Under the FCC Rules, no customer is authorized to repair an 
RDAA module. In the event of an RDAA malfunction, return the 
faulty RDAA to Rockwell International. It is recommended that 
the following fault isolation Instructions provided in this section 
be performed prior to returning a suspected RDAA module. A 
periodic check of the DC power supplies is also recommended. 



FAULT ISOLATION 

The fault isolation flow chart (Figure 9) has been prepared spe- 
cifically as an aid to the user for locating possible network and/ 
or RDAA module malfunctions. 
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Figure 9. RDAA Fault Isolation Flow Chart 
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T-1 AND T-1/CEPT PCM 

(PULSE CODE MODULATION) PROTOCOL DEVICES 

Meet AT&T and CCITT Standards 



Rockwetl international is the first company producing LSI 
devices for supporting the commercial digital switched 
network. The 24 or 32 digitized channels meet AT&T and 
CCITT standards. 

This means it is now possible to design T-1/CEPT 
systems using LSI Instead of discrete devices. This results 
in a much lower parts count, lower power requirements, 
smaller size and significant cost reductions. It also means 
an increase in reliability. 

Using our LSI devices, the 24 or 32 channels of 64Kbps 
information and signaling are multiplex^ over a single pair 
of wires. All data are transmitted serially, along with framing 
bits, at 1.544 to 2.048Mbps. At the receiving end frame, 
superframe, and channel synchronization is accomplished, 



with signaling Information outputted and the 24 or 32 
channels uniquely Identifiable. 

Transmissipn In digital format Instead of analog has 
inherent ability to perfectly regenerate the signal even after 
noise In the phone network. The TTL compatible devices 
operate from a single 5V power supply. 

For specialized memory for digital PBX and other 
telecommunication applications, tri-port memory devices 
are also available. These allow random read and sequential 
read simultaneously, and, allow addressing sequentially 
or randomly. They support either time or space division 
switching as well as elastic storage applications when 
transmission and write speeds differ. 



Rockwell LSI Devices Provide— 

• Parts Count Reduction 

• Cabling Reduction 

• Cost Reduction 

• Increased Reliability 

• Increased Performance 



11-2 



R8040 

T-1 PCM Devices 




OVERVIEW 

The Tri-Port Memory circuit is designed to function as an 
assembly point and temporary storage area for 8-bit T-1 data. 
It provides 64 8-bit locations of on-chip random access memory 
which can be accessed via external addresses or internal 
sequential addressing. 

TRI-PORT MEMORY OPERATION 

The Tri-Port Memory device accepts 8-bit parallel input data on 
lines A through H. This data is stored in an internal memory loca- 
tion that is selected by either random address lines R01 through 
R32 or by the device's Sequential Address Counter. Write Select 
signal WSEL determines the source of the address; in the logic 
state, WSEL selects the random address, in the logic 1 state, 
WSEL selects the Internal sequential address. 

The state of Write Enable signal WE determines whether or not 
the data on lines A through H will be written into memory. Data 
will only be written into memory when WE goes low (to a logic 
state) and the address inputs have stabilized. 

The on-chip, six-bit Sequential Address Counter is a binary 
counter that increments on each positive transition of Sequen- 
tial Clock (SCLK). When the Counter attains binary 111111 , the 
next positive transition on SCLK will clear it to binary 000000. 
The Counter will also be cleared unconditionally if Reset signal 
RST has been set to logic when the positive transition of SCLK 
occurs. 

The Sequential Read Enable si gnal, SRE, enables sequentially- 
addressed read operations. If SRE is logic 0, the sequential 
accessed data outputs (SA through SH) will becom e valid within 
430 ns after the next positive transition on SCLK. If SRE is logic 
1, and 350 ns have elapsed since the positive transition of SCLK, 
the sequential accessed data outpu ts will become valid 80 ns 
after the negative transition of SRE. The sequential read data 
will cease to be valid 100 ns after the negative transition of SRE 
or 20 ns after the next positive transition of SGLK, becoming 
valid with the content of the next sequential location within 
430 ns of that SCLK transition. 

The Random Read Enable si gnal, RRE, enables random- 
accessed read operations. If RRE is logic 0, the random 
accessed data outputs (RA through RH) will become valid within 
380 ns after the random address lines have stabilized. If RRE 
is logic 1, and 300 ns have elapsed since the random address 
lines have stabilized, the random accessed data outputs will 



FEATURES 

• 64 X 8 bit static memory 

• Single +5V supply 

• Two totally independent read ports 

• Multiple Read access time < 430 ns (worst case) 

• Selectable random- or sequential-address Write operation 

• On-chip sequential address counter 

• Tri-state drivers, for chip-selectable bus operation 

• 40-pin plastic dual in-line package 

• LSTTL Schottky-compatible (12KS} pullup, to drive CMOS) 



APPLICATIONS 

Time-division Multiplex (TDM) digital switching data and control 
stores 

• TDM sequential machines 

• Elastic stores 

• Hardware/Software control interfaces 

• I/O Buffers 
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become valid 80 ns after the negative transition of RRE. The 
random accessed data outpu ts will cease to be valid 100 ns after 
a positive transition of RRE or 20 ns after the random address 
Input lines change, becoming valid with the contents of the 
newly-addressed location within 380 ns after the random address 
inputs have stabilized. 



In the case of a same location read/write cycle, the sequential 
and/or random data outputs will cease to be valid after a negative 
transition of WE, and will become valid with the newly-writt'en 
contents within 340 ns of that transition. Control of this parameter 
minimizes external circuitry required for resolution of read-write 
contention. 



RECOMMENDED OPERATING CONDITIONS 

Minimum Setup/Hold Times 



Signal 


Setup 


Hald 


Measure to 


;'./-■•' ns ■ 


Measure to 


ns 


SCLK t 
WSEL 
R01-R32 
AH 


WeJ 

WE 1 

WE i 

WFt 
SCLK J 


300 
280 
250 
150 
180 


WEf 
WE t 
WE t 
Wit 
SCLK f 








100 

■ 



Minimum Pulse Widths 



Signal ::•.■• 


Minimum Pulse Width 


W£(=0) 

sclk;' :. '^., 


170 ns 
220 ns 



SEQUENTIAL COUNTER RESET SETUP AND HOLD TIMING 



RESE"^ VYV 

<«s^> AAA 



XXX——---- 



SETUP > 180 NS- 



SEQUENTIAL 

CLOCK 

(SCLK) 



\ 



1, 



k' 



r 



READ outputs AT SAME LOCATION AS WRITE 
(ALL OTHER INPUTS STABLE) 



\ 



/ 



(TSLI^ 340 NS MAX 



DATA 
OUTPUTS 



S£ 



M 



RANDOM WRITE ALWAYS AFFECTS RANDOM READ OUTPUTS; 
SEQUENTIAL WRITE ALWAYS AFFECTS SEQUENTIAL READ OUTPUTS. 
EITHER WRITE Wl LL AFFECT THE OPPOSITE READ OUTPUT. IF, AND ONLY 
IF, THE RANDOM ADDRESS AND SEQUENTIAL ADDRESS ARE EQUAL. 
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WRITE SETUP AND HOLD TIMING 



SCLK 
(IF WSEL 



..:s7 



WIDTH > 220 IMS 



55C 



-WIDTH > 220 MS- 



7//////////// 



-SETUP > 300 ISIS - 



-J t^— HOLD > ( 



WRITE 
SELECT 

(WSEL) 



R01-R32 

(IF WSEL = 0) 



WRITE DATA 
(A-H) 



-m 1 m— — — - 


-*■ -SETUP >280NS— — *- -h»" U»-H0LD> 


m 1 ixxx- 


-• SETUP > 250 NS »^ — ^ -«— HOLD > 


.XXX , XXX- 



SETUP 
' >150NS~ 



HOLD 
> 100 NS 



^ 



\ / 



WIDTH 
> 170 NS" 



RANDOM READ (RRE 


= 0, WE = 1 ) 








RANDOM 
ADDRESS 

(roi-r:??) 


X 






X 










20 NS _l 1 _ 
MIN.HOLD""^ "^ 








RANDOM 
OUTPUT DATA 
(RA-RH) ._ 


m- 




--m 


XXX- 


' .^ ^ ■ 1 



SEQUENTIAL READ (SRE = 0;WE = 1) 



SEQUENTIAL 

CLOCK 

(SCLK) 



/ 



wv— -\\\ 



(TSA)430NSMAX.- 



20 NS 
MIN.HOLD" 



SEQUENTIAL ' 

OUTPUTDATA 

(SASH) 



SI 



3m: 






READ PORT ENABLE/DISABLE (ADDRESS STABLE, \ 


/VE-= 


1) 




READ ENABLE \ 
(RREORSRFI \ 

SONS MAX.-*- (TPE) 


^^ 


/ 

— *- (TPD) 


^«— 100NSMAX. 
HIZ 


DATA OUTPUT Hi-Z ^jjj^jj^ 


/ 




wwwww 


(RA-RH OR SASH) \\\\\\\ 


\ 


))))))//)) 













ED 
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Propagation Delays 



Parameter 


Symbol 


Min 


Max 


Units 


Random Read Access Time 


tRA 





380 


ns 


Sequential Read Access Time 


tSA 





430 


ns 


Read Port Disable (to Hl-Z) 


tPD 





100 


ns 


Read Port Enable 


tpE 





80 


ns 


Same-Location Read After Write 


tsL 





340 


ns 



A -WRITE PATA- 



R32 RANDOM ADDRESS INPUTS 



"0" = RANDOM 



1 OF 64 

READ 

RANDOM 

ADDRESS 

DECODER 



WRITE 

ADDRESS 

SELECTOR 



SEQUENTIAL 
ADDRESS COUNTER 



>CLK 



S04 
S02 



1 OF 64 
WRITE 
ADDRESS 
DECODER 



1 OF 64 

READ 

SEQUENTIAL 

ADDRESS 

DECODER 



=v> 






512 BIT 
MEMORY 



^ 

-1=^ 
^ 



) PG 



^ 



SEQUENTIAL 



jr>- 



Tri-Port Memory Block Diagram 
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MAXIMUM RATINGS* 



Parameter 


Symbol 


Vfllue 


Unit 


Supply Voltage 


VoD 


+ 4.75 to +5.25 


V 


Operating Temperature 


Top 


Oto+70 


*»C 


Storage Temperature 


TsTG 


-55 to +150 


»c 



•NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those Indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = +5V ±5%, Vss ==* OV Ta = ZS^C) 



Parameter 


Symbol 


IMin 


Max 


Unit 


Input Logic "1" Voltage 


V,H 


2.0 




V 


Input Logic "0" Voltage 


V,L 




0.8 


V 


Input Logic "1" Voltage 


Vol 


2.4 




V 


Output Logic "0" Voltage 


Vol 




0.4 


V 


Output Source Current 


«0H 


-100 




M 


Output Sirik Current 


'OL 


400 




mA 


Input Capacitance 


c, 




5 


pp 


Output Capacitance 


Co 




25 


pF 


Power Dissipation (at 25<»C) 


Poss 




300 


mW 



D 
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PACKAGE DIMENSIONS 



_/\i\f\(\(\(\(\(\n(\(\(\ni\[\(\f\nnr\ 



\y 



PIN NO. 1 
INDENT. 



.550 
.530 



uuuuuuuuuuuuuuuuuuuu T;to 

2.02 MAX ^ I ^^40" 

" i 




■ 150 .020 

.125 



NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal Orientation 



.590 -^ 

1 A u--^— I 



■ 015 
.008 
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DESCRIPTION 

The Rockwell T-1 Serial Transmitter formats data to be 
serially transmitted according to T-1 D2 or T-1 D3 specifi- 
cations, inserting framing and signalling bits along with 24 
channels of 8-bit channel data. The T-1 Serial Transmitter 
also provides for alarm reporting via the Bit 2 inhibit method 
or, with minimal external logic, via the multiframe alignment 
signal (Fg) modification method. 

Figure 1 is a functional block diagram of the T-1 Serial Trans- 
mitter. The Mod 1 93 counter is driven by the clock at 1 .544 
MHz and is either synchronized to the driving system by input 
signal SYNCIN or provides synchronization via output signal 
SYNOUT. Input signal FRSYNC applies synchronization to 
a Mod 1 2 counter, which identifies the frame of the 1 2-frame 
multiframe being processed. 

The input data register latches data during each bit period, 
when the 8th bit of a channel sample is being transmitted. 
The data selector outputs the proper sequence of bits, as 
controlled by a bit count and frame count. 

The zero channel monitor function causes Bit 8 or Bit 7 to 
be transmitted as a "one" if the channel data sample is all 
"zeros." Input INH provides a means to inhibit the zero 
channel monitor function. Input B70PTN controls the partic- 
ulars of the insertion method. 

Two types of transmit formats are provided, a binary output 
and a paired unipolar output. The unipolar pair provides a 
means to externally create a single bipolar output with min- 
imal logic. 











B70PTN CZ 


IS 


28 


ZJINH 


TEST c: 


2 


27 


Z3 BIT3 


FRSYNC CZ 3 


26 


3CHCLK 


SBIT CZ 


4 


25 


ZDBIT4 


ccis e: 


5 


24 


Z3BIT2 


SSTB CZ 


6 


23 


Z3 8IT5 


UNPLRA EI 


'7 . 


22 I3BIT1 1 


UNPLRB tZ; 


8 


21 


ID BIT© 


GND C 


9 


20 


OBIT7 


BINOUT CZ 


10 


Id 


:d vod ~ 


SYNQUT CZ 


11 


18 


Z3 CLOCK 


LOOP CZ 


12 


17 


13 ALARM 


SYNCIN d 


13 


16 ZDbits 


BCH CZ 


14 


15 Z]ACH 








,,... , . 1 



Pin Conftguration 
FEATURES 

• Single 5V supply, low power Schottky TTL compatible. 

• Accepts 8 bits of parallel data as input. 

• Generates output as 193 bit serial data stream in T-1 , D2, 
D3 or D4 Mode 3 data format. 

• Provides a channel and frame timing signal. 

• Provides alternate control for alarm reporting and signalling. 

• Provides automatic bit insertion for all-zero channel 
samples. 

T-1 TRANSMITTER INPUTS 

Any input =s 0.8V = logic 0, low. Any input 5= 2.0V = logic 
1 , high. The transition from a low level to a high level is called 
a rising edge, while the converse is defined as a falling edge. 




> BINOUT 

> UNPLRA 

> UNPLRB 



Figure 1 . T-1 Serial Transmitter 
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FRSYNC: Frame Synchronization 

Frame sync allows external synchronization of the trans- 
mitter's internal frame counter. When FRSYNC becomes 
high, the frame counter is directly set to frame 1 , the first of 
the twelve frames. If FRSYNC is held high and does not 
return to zero before a rising edge of CLOCK, the subse- 
quent states of BINOUT, UNPLRA and UNPLRB are high, 
high and low, respectively, regardless of the states of any 
other inputs. The latter mechanism is useful for device and/ 
or board testing only and will cause bit errors and/or bipolar 
violations if used during field operations. See Figures 6 and 7. 



BOH: "B" Cliannel Highway Signalling 

BCH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channel data sample in Frame 1 2 
only. BCH is clocked into the input register by the failing edge 
of CHCLKF. Refer to Table 1 and Figure 4. 

S-BIT: Multiframe Signalling Bit 

SBIT, in conjunction with CCIS, provides an alternate way 
to control the multiframe signalling bit (Fs) transmission. The 
S-BIt input is transmitted as the multiframe signalling bit (Fs) 
if CCIS is held high. Refer to Table 2. 



SYNCIN: Synchronization Input 

SYNC IN allows external synchronization of the internal 
Modulo 193 bit/channel counter. When SYNCIN becomes 
high, the Modulo 193 counter is directly set to the state cor- 
responding to the output of the framing (Fj or Fs) bit. The 
first bit of channel one will be output on BINOUT (and 
UNPLRA or UNPLRB) as a result of the first rising edge of 
CLOCK following the return of SYNCIN to logic 0. See Fig- 
ures 5 and 7. 



TEST: Rockwell Device Test Input 

Used only for Rockwell device testing. Keep this input 
grounded. 

CLOCK: T-1 Clock 

Maximum frequency = 1 .6 MHz 

Minimum pulse width = 275 ns 

The T-1 bit period is bounded by the rising edges of this 

input. 

INH: Inhibit Zero Channel Monitor 

If INH is high, the zero channel monitor function is disabled, 
and Bits 7 and 8 are transmitted per corresponding inputs 
received. See Table 1 . 

For channels in signalling frames (6 or 12) in which the first 
six data bits and the signalling highway are all "zero," BIT 
7 will be forced to one if INH is low. For any frame except 
a signalling frame Bit 8 or Bit 7 as selected by B70PTN will 
be transmitted as a "one" if the channel input data is "zero" 
and INH is low. 

BITS 1-8: Parallel Channel Data Inputs 

Bit 1 , the sign bit, will be serially transmitted first, followed 
by Bits 2 through 8. The falling edge of CHCLKF indicates 
input channel data has been clocked into the input register 
and always occurs during the transmission of the final bit (Bit 
8) of each channel data sample. 

ACH: "A" Channel Highway Signalling 

ACH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channel data sample in Frame 6 
only. ACH is clocked into the input register by the falling edge 
of CHCLKF. Refer to Table 1 and Figure 4. 



ALARM: Local Alarm 

Used for reporting alarm conditions. If the ALARM signal is 
high. Bit 2 (the most-significant bit) of every channel data 
sample of every frame is transmitting as a zero. This is com- 
monly called rerhote alarm signalling. ALARM is clocked into 
the input register at the falling edge of CHCLKF. Refer to 
Table 1 and Figure 4. 



LOOP: Loop Strap 

Provided to aid testing of user applications. When enabled 
to a high level, LOOP forces the unipolar outputs to transmit 
alternating ones and zeros, regardless of input conditions, 
while BINOUT continues to provide normal data outputs. 
Refer to Figures. 

CCIS: Common Channel Interoffice Signalling Strap 

Provides optional control for replacing the automatic Fs pat- 
tern with a 4-kilobit common channel signalling path. When 
CCIS is high, the SBIT input replaces the Fs pattern and the 
insertion of ACH and BCH is suspended. The CCIS input 
may also be used to provide the alternate method of alarm 
reporting. See Figure 4. 

B70PTN: Bit 7 Option 

Provides Bit 7 as an alternate bit position for "one" stuffing, 
as programmed by the zero channel monitor function. Refer 
to Table 1 . 

VSS, VDD: Ground and Power 

VoD = +5 ±0.25 Vdc 
Vss = Ground, Vdc 

T-1 Transmitter Outputs 

Low power TTL Schottky compatible. "1" > 2.4 Vdc, "0" =s 
0.4 Vdc, CMOS— 12Ka pullup to Voo required. 

SSTB: 4 kHz Signalling Channel Strobe 

SSTB is the least-significant bit of the frame counter. Unless 
it is directly set by FRSYNC, SSTB will go high as each 
framing bit (Ft) is serially transmitted, and will return low as 
each multiframe alignment signal (Fs) is transmitted. Refer 
to Figure 2. 
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SYNOUT: Channel Sync Output 

SYNOUT provides a means to synchronize to the internal bit 
counter (Mod 193). SYNOUT is high for one bit time, begin- 
ning just prior to the first data bit of a frame being serially 
transmitted. Refer to Figure 8. SYNOUT is the only output 
determined by the falling edge of CLOCK. 

CHCLKF: Channel Clock False 

The falling edge of CHCLKF, occurring as Bit 8 of any 
channel is being serially transmitted, indicates input data has 
been clocked into the input register. With the exception of an 
extra bit period extending the low level duration at frame bit 
time, CHCLKF is a divide-by-eight of CLOCK. Refer to Figure 
2. 

BINOUT: Serial Data Output, Binary Formatted 

BINOUT is the binary formatted serial conversion of the par- 
allel input data. The programmed format of BINOUT follows 
Tables 1 and 2. 



BINOUT is synchronously transmitted as a high level if 
FRSYNC remains high during the rising edge of CLOCK. 
Refer to Figures 6 and 7. 

UNPLRA, UNPLRB: T-1 Serial Data Unipolar Outputs 

Two paired unipolar outputs are provided for the purpose of 
creating a single serial data output transmission in bipolar 
format. The unipolar output register toggles for each "one" 
bit to be serially transmitted. UNPLRA and UNPLRB are 
transmitted as complements for "one" data bits and as low 
levels for "zero" data bits. See Figure 3. 

The input signal LOOP, if high, forces the unipolar outputs 
to toggle every bit time, regardless of input data. 

FRSYNC perturbs the current bits being transmitted by 
UNPLRA and UNPLRB. If FRSYNC remains high during the 
rising edge of CLOCK, UNPLRA will be transmitted as a high 
level and UNPLRB will be low. Refer to Figures 6 and 7. 



Table 1 . Serial Channel Sample Output Data Truth Table 



Inputs X = don't care 


Current 
Frame 
Number 








BInout 








Notes 


S 

< 


X 

z 


ffl 


(0 


CM 

ffl 


CO 

t 
ffl 


1- 
ffl 


in 

ffl 


1- 
m 


ffl 


CO 


X 

< 


X 


serial Output 

Channel 
Bit Position 


1 


2 


3 


4 


5 


6 


7 


8 


1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


1 


X 


X 


X 


X 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 





X 


X 


X 


X 


■■yr: 


X 


1 





X 


X 


p 


Q 


R 


s 


T 


u 


V 


X 


A 


X 


6 


p 


Q 


R 


S 


T 


u 


V 


A 


2 





X 


X 


p 


Q 


R 


s 


T 


u 


V 


X 


X 


B 


12 


P 


Q 


R 


s 


T 


u 


V 


B 


2 





X 


X 


p 


Q 


R 


8 


T 


u 


V 


w 


X 


X 


Y 


P 


Q 


R 


s 


T 


u 


V 


W 


2,3 





1 


X 























X 


A 


X 


6 























A 







1 


X 























X 


X 


B 


12 























B 







1 


X 























w 


X 


X 


Y 























W 


3 








X 























X 





X 


6 




















1 













X 


G 




















X 


X 





12 




















1 













1 


























X 


X 


Y 




















1 





3 



































X 


X 


Y 























1 


3 


NOTES: (1) ALARM = 1 has the same effect as BIT 2 = 

(2) P, Q, R, S. T, U and V may not simultaneously be zero, unles A, B or W is 1 

(3) Y is any frame ^ 6 and ^ 12 with CCIS = 0, or ail frames with CCIS = 1 



EB 
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Table 2. Framing Bit {Fj & Fg) Output Data 



Frame 
Number 


Processed 
Bit 


BInoMt 


CGIS = 


CCIS = 1 


r ' ■■ 


Ft 


1 


' 1 


2 


Fs 





SBIT 


3 


f^T 








4 


^s 





SBIT 


5 


^T 


1 


1 


6 


Fs 


1 


SBIT 


7 


' T 








8 


Fs 


1 


SBIT 


9 


' T 


1 


1 


10 


■■ Fg 


1 


SBIT 


11 


J-j 








12 


Fs 


0(NOTE1) 


SBIT 


Notes: (1) Alternate remote alarm reporting may be accomplished by holding SBIT and CCIS both high just prior 
to initiation of Frame 12. 
(2) Fj bit Insertion is automatic and no optional control is provided. 



CLOCK 
(1.544 MHz)- 

BINOUT 



BIT NO. y8yFViy2Y3X4 y 5y6y 7y8 Xiy2y3y4y5y6y7y8y 

ryl^^ SAMPLE CH. 1 



CHCLKF 



JT 



-^__ SAMPLE CH. 2 rr- 



Ft 



^*- CH. 24 -^ OR h*- 
Fs 



CHANNEL 1 



CHANNEL 2 



FRAME NUMBER 
Ft = 1 



(horizontal scale change) 



-H 



Fs = 




ACH Replaces BIT 8 In Frame No. 6 

BCH Replaces BIT 8 in Frame No. 12 - 



9 10 




1 

See Fig. 7 



SSTB 
SYNOUT 
FRSYNC* 
SYNCIN* 



J 
1 


1 ^ 
1 


r 
1 


i_ 
1 


1 
1 


1 
1 


1 
1 


L_ 
1 


r 

1 


1 


r 
1 


1 
1 


J L 
1 1 


r 

1 


♦ 


4 


4 


1 


f 


|^ 


4 


1 


4 


4 


4 


4 


4 


4 


4 4 


4 



* POSSIBLE POSITIONS TO RE-INFORCE INTERNAL SYNCHRONIZATION. 



Figure 2. Transmitter Input-Output Signal Relationships 
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CLOCK 



LOOP 



BINOUT 



UNPLRA 



UNPLRB 












Figure 3. 


Transmitter Binarv 


, Unipolar Outputs 








CLOCK 

CHCLKF 

BIT1-BIT8, 
ACH, BCH, 
ALARM 

BINOUT 
BIT NO. 

INH, 
B70PTN 
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-xj 
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Figure 4 (a). Channel Input Timing 
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Figure 4 (b). LOOP input Timing 





/ 






CLOCK / \ / \ ^ 


\ _ / 


\ r 








SSTB 




\\\\\\\\ 












-^ '■liH 


SBIT ^ _ _ ^ _ - . _ _ 3/\ 


/ \ 


/V 




\ / 


\K 








BINOUT ^y^ CH 24, BIT 7 ^ CM 24, BIT 8 ")( ""^ X 


CHI, BIT 1 y 


CCIS /] 




-. /<?EF NOTE^ 




V \ 


v\ 


NOTE: CCIS WAVEFORM SHOWN FOR ALTERNATE ALARM REPORTING METHOD. CCiS SHOULD BE 
ACTIVE JUST PRIOR TO FRAME 12. UNDER THESE CONDITIONS, SBIT HIGH WOULD REPORT 
THE REMOTE ALARM. 



Figure 4 (c). Control Input Timing 
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CLOCK 

SYNCIN 
BINOUT 



~^\ 



"V 



^^ 



"\ J \ Y 



X 



ANY BIT 



"T7 CH 1,BIT1 V CH 1, BIT 2 V~ 







Figure 5. SYNCIN Timing Relationship 
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Figure 6. Non-return-to-zero FRSYNC Timing 



CLOCK 

FRSYNC 
(Return to zero) 

SYNCIN 



J 



1^' 



r 



(1 PULSE PER 2316 CLOCKS) 



(1 PULSE PER 193 CLOCKS, MAX) 



DATA CHANNEL 1 

IN INPUT DATA 



may change 



CH23 
FRAME 12 



CHANNEL 1 FRAME 1 



BINOUT 



SSTB 



CHCLKF 



SYNOUT 






^m. 



M 



MT^^ 



Figure 7. Transmitter External Synchronization (Return-to-zero FRSYNC) 
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Table 3. Input Timing 







Min 


Max 


Unit 


tis 


Buffered Data Setup Time 


450 




ns 


tlH 


Buffered Data Hold Time 







ns 


t2S 


Control Input Setup Time 


400 




ns 


t2H 


Control Input Hold Time 


20 




ns 


t3S 


Asynchronous Control Input Setup Time 


350 




ns 


t3H 


Asynchronous Control Input Hold Time 


20 




ns 


t4S 


SYNCIN Setup Time 


200 




ns 


t4H 


SYNCIN Hold Time 


20 




ns 




SYNCIN Pulse Width 


100 




ns 


tss 


Frame Sync Setup Time (Return to Zero) 


250 


, 


ns 


t5H 


Frame Sync Hold Time (Return to Zero) 


20 




ns 




Frame Sync Pulse Width 


200 




ns 


tss 


Frame Sync Setup Time (Non-Return to Zero) 


525 




ns 


tsH 


Frame Sync Hold Time (Non-Return to Zero) 


20 




ns 



Table 4. Output Propagation Delay, Worst Case 
(Measured from Rising Edge of Clock Unless Stated Otherwise) 



Output 


Max Delay 


Unit 


SSTB 


500 


ns 


SYNOUT 


500 


ns 


Ref from Falling 






Edge of Clock 






CHCLKF 


500 


ns 


BINOUT 


500 


ns 


UNPLRA 


500 


ns 


UNPLRB 


500 


ns 



MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-H4.75 to +5.25 


Vdc 


Operating Temperature 


Top 


0to70 


°C 


Storage Temperature 


TsTG 


-55 to +150 


°c 



*NOTE: Stresses above tliose listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is 
not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 ±5%) 



Parameter 


Symbol 


MIn 


Max 


Unit 


Logical "1" input Voltage 


Vqh 


2.0 


Vdd + 0.3 


V 


Logicical "0" Input Voltage 


V,L 


-0.3 


0.8 


V 


Logicical "1" Output Voltage 


Vqh 


2.4 


— 


V 


Logic "0" Output Voltage 


Vol 


— 


0.4 


V 


Output Source Current 


loH 


-100 


_-. 


fJK 


Output Sink Current 


loL 


400 


-. 


fiA 


Capacitance Load (any output) 


C 


— 


25 


pF 


Input Capacitance (any Input) 


*^IN 


__ 


5 


PF 


Clock Frequency 




- 


1.6 


MHz 


Power Dissipation 


Pd 


— 


250 


mW 



ED 
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PACKAGE DIMENSIONS 



AAAAAAAnriAAAAA 



,PINNO. 1 
^^ IDENT. 



(1.470) ^ 



(,550) 
(.530) 



(1.440) 



(.140) 

i 






:.065) 
^(.045) 



/^ 



(.610) 
-(.590) 



(.700) 




(.600) 



(,085) _-^|:^G023) 032 REFyj^ ^^^^ ^^gO). 
(.065) (.015) (.090) (.125) (.020) 



(.015) 
(.008) 



11-16 




R8060«R8Q60A 

T'1 PCM Devices 



R8060 and R8060A 
T-1 SERIAL RECEIVER 



DESCRIPTION 

The Rockwell T-1 Receiver processes serial unipolar data of a 
T-1,D2 or T-1,D3 line from which data and a 1.544 MHz clock 
have been extracted. 

Frame synchronization is accomplished by locating the frame 
bit (Ft) alternating every 386 bits. Loss of frame sync is indicated 
if a frame bit error occurs within two to four F-BIt frames since 
the previous frame bit error. 

A loss of carrier is indicated if 31 consecutive bit times yield 
"zeros" at the input. Carrier loss is reset and frame sync search 
begins when a "one" reappears at the TDATA input. 

Signaling bits, which occur 193 bit positions after a framing bit, 
are monitored to detect signaling frames. The signaling frame 
output, SIGFR, identifies the present frame as a signaling frame, 
and the S-Bit output at that time identifies which signaling frame 
is being processed. 

Remote alarm reporting is detected by monitoring the second 
received bit of every channel sample of every frame. An alarm 
is indicated if 255 consecutive Bit 2 zeros are received. 

Channel data bits are output by an eight-bit parallel register. The 
rising edge of the signal called channel clock (CHCLK) indicates 
the extraction of new output channel data. 

Several signals developed from a MOD 386 counter are provided 
to aid in the external processing and storage of channel data. 
Signals are provided to increment counters, synchronize 
counters, strobe data into memories, etc. 

The Rockwell T-1 Receiver chip operates on a single 5 volt supply 
and directly interfaces to the low power TTL Schottky logic family. 
The Receiver is packaged in a 28 pin dual in-line (DIP). 

Timing relationships are given In figures 3 through 5. 

FEATURES 

• Synchronizes serial T-1 ,D2 or T-1 ,D3 signals in less than 5 ms. 

• Extracts 8-bit parallel channel data 

• Provides timing signals to capture and synchronize channel 
and frame information 

• Monitors and detects 

— Errors in signaling bit pattern 

— Loss of frame sync 

— Loss of carrier 

— Remote alarm reporting 

• Single 5V supply 

• LSTTL Schottky compatible 
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Pin Configuration 
ORDERING INFORMATION 

The T-1 Serial Receiver is available in two versions. With the 
standard commercial version, R8060, data will be stable within 
900 ns after the bit clock. With the selected version, R8060A, 
data will be available within 600 ns after the bit clock. 
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Figure 1. R8060 Block Diagram 
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T-1 RECEIVER INPUTS 

Any input <0.8V = LOGIC 0, LOW, ZERO. Any input >2.0V = 
LOGIC 1, HIGH, ONE. A transition from a low level to a high 
level is called a rising edge, while the converse is true for the 
falling edge. 

TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT 

Unipolar T-1 Data is clocked in on the falling edge of TCLK. 
Thereafter, TDATA is processed on the rising edge of TCLK. 
TDATA must be stable 100 ns before and remain stable 100 ns 
after the falling edge of TCLK. 

TCLK: T-1 CLOCK 

Typical clock frequency is 1 .544 MHz. Maximum clock frequency 
is 1.85 MHz. The T-1 bit period is bounded by the rising edges 
of TCLK. 

SYNCEN: FRAME SYNCHRONIZATION ENABLE 

Provides a means to disable the automatic resync search initi- 
ated by a FRAME ALARM condition. If the SYNCEN signal Is 
low, with synchronization function Is inhibited and remains inhib- 
ited until SYNCEN transitions high. SYNCEN must be stable 
200 ns before the rising edge of FRALRM, in order to inhibit the 
synchronization function. 

MR: MASTER RESET 

Master Reset, when low performs an initialization clear of the 
T-1 Receiver; SBALRM and CALRM are reset to low levels while 
FRALRM, CHCLK, WIHBT and CHSYNC are set to high levels. 
Frame synchronization search begins on the rising edge of MR 
provided that SYNCEN signal has been high for 200 ns. 
Minimum pulse width is one T-1 clock period. 

CDINH: CHANNEL DATA INHIBIT 

Provides a means to disable channel data bit outputs. When at 
a high level, CDINH forces channel data Bits 1 through 7 high. 
Bit 8, the least significant channel data bit, is not controlled by 
CDINH. 

TESTI: ROCKWELL DEVICE TEST INPUT 

Used only for Rockwell device testing, no connection to TESTI 
is required for normal operation. 

VSS, VDD: GROUND AND POWER 

VDD = +5.0 +0.25 VDC 
VSS = Ground, VDC 

T-1 RECEIVER OUTPUTS 

Low Power TTL Schottky — compatible 

"1" > 2.4 Vdc; "0" ^ 0.4 Vdc 

CMOS — 12 K fl pullup to VDD required. 



CDB (1-8): CHANNEL DATA BIT 1 THROUGH 8 

Bit 1 is the sign bit, Bit 2 is the most significant bit and Bit 8 
is the least significant bit. If CDINH is low, new parallel channel 
data becomes valid within 200 ns after the rising edge of CHCLK 
and remains valid until the next rising edge of CHCLK. If CDINH 
is high, channel data Bits 1 through 7 are forced to a high level. 
Bit 8, the least significant bit, is not controlled by CDINH. Chan- 
nel data Bits 1 through 7 are enabled or disabled within 300 ns 
(R8060) or 150 ns (R8060A) by CDINH. Refer to Figures 3 
through 5. 

CHCLK - CHANNEL CLOCK 

The rising edge of CHCLK indicates a change of parallel output 
channel data. CHCLK is four TCLKS high then four TCLKS low 
except for when an "F" or "S" bit is received. Then CHCLK 
stretches to five TCLKS high and four TCLKS low. Refer to 
Figures 3 and 4. 



CHSYNC: CHANNEL SYNC 

Channel Sync occurs one time in a 24 channel period, making 
it sui table for s ynchronizing external counters to the T-1 Frame 
rate. CHSYNC goes low one TCLK period bef ore the falli ng edge 
of CHCLK at channel 24 date sample time. CHSYNC returns 
high 1 TCLK period after the next rising edge of CHCLK. Refer 
to Figures 3 through 5. 

TESTO: ROCKWELL DEVICE TEST OUTPUT 

Designed to aid in Rockwell device testing. No connection 
required for normal operation. 

WIHBT: WRITE INHIBIT 

WIHBT covers the parallel channel data transition period. WIHBT 
is suitable for clocking or strobing channel data into external 
memories. WIHBT is high for two TCLK periods, beginning one 
TCLK period before the rising edge of CHCLK. Refer to Figures 
3 and 4. 



MAXCNT: MAXIMUM COUNT OF 386 MODULUS 



MAXCNT is low for one TCLK period, marking the completion 
of a two-frame period corresponding to the expected receipt of 
an F-bit at the TDATA input. Refer to Figures 4 and 5. 

SBCLK: S-BIT CLOCK 

SBCLK will be high during the S-Bit frame and low during the 
F-bit frame. The transitions will occur within 300 ns after the ris- 
ing edge of TCLK as channel 24 data is being transferred to the 
parallel channel outputs. Refer to Figures 3 through 5. 

S-BIT: SIGNALING BIT OUTPUT 

The S-Bit output monitors the previous S-Bit received which 
occurred two frames before the receipt of the current S-Blt. An 
S-Bit output transition occurs one TCLK period after the rising 
edge of SBCLK. 
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During a signaling frame (SIGFR is low), frame 6 or "A" highway 
signaling is identified by S-Bit output being low. If S-Bit is high 
during a signaling frame, frame 12 or "B" highway signaling 
is Identified. Refer to Figures 3 through 5. 



SIGFR: SIGNALING FRAME 



SIGFR identifies frame 6 or 1 2 when low. If the sequence of five 
consecutive r eceived S-Bits is either 01 1 1X or 1X001 (left to right, 
as received), SIGFR shall go low after the rising edge, but at 
least 375 ns before the falling edge of WIHBT corresponding 
to channel 1 data sample time. SIGFR returns high one frame 
later (193 bits). Refer to Figures 3 through 5. 

SBALRM: S-BIT ALARM 

SBALRM goes high if the sequence of the five S-Bits received 
contains four consecutive ones (01 1 11), and remains high until 
three consecutive "zero" bits are preceded and followed by a 
"one" S-Bit (10001). The actual transition of SBALRM output 
occurs after the rising edge, but at least 375 ns before the fall- 
ing edge of WIHBT corresponding to channel 1 data sample 
time. 

B2ALRM: BIT 2 ALARM 

B2ALRM goes high, detecting a remote alarm condition, if 255 
consecutive channel data samples are received with Bit 2 low. 
B2ALRM returns low upon the receipt of any channel sample 
with Bit 2 high. 

CALRM: CARRIER LOSS ALARM 

A carrier loss Is detected and CALRM is set high if 31 con- 
secutive low level TDATA bits are received. CALRM is reset low, 



FRALRM is set high and frame sync search begins when the 
first TDATA high level is received. 

FRALRM: FRAME ERROR ALARM 

FRALRM detects an out-of-frame condition. FRALRM goes high 
if: 



A) 
B) 
C) 



D) 



The framing synchronization function is In progress. 

Within 250 ns after the falling edge of MR. 

An F-Bit is received which is not the inverse of the last 

F-Bit and the same condition also occurred two or three 

or four F-Bit frames earlier. 

Within 250 ns after the falling edge of CALRM, (CALRM 

being reset by high level TDATA bit). 



FRALRM goes low upon completion of the synchronization func- 
tion or within 250 ns after the rising edge of CALRM. (Carrier 
loss condition during frame synchronization function). 

OUTPUT CLOCK SIGNALS DURING FRAME 
SYNCHRONIZATION FUNCTION 

Following the Declaration of Frame Sync loss (FRALRM goes 
high), output signals will continue normally for a two-frame period 
with the exception of CHSYNC, which has the above mentioned 
second frame sync pulse inhibited. Following the two-frame 
period CHCLK, CHSYNC, and WIHBT are held high until frame 
sync has been located, as indicated by the falling edge of 
FRALRM. With typical data patterns, frame synchronization 
takes less than five milliseconds. See Figure 2. 
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Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization 
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Figure 3. Signal Relationsliips at Beginning of Fs Frame (S-BIT) 
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Figure 4. Signal Relationsiiip at Beginning of Ft Frame (F-BIT) 
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FRAME SYNCHRONIZATION 
BIT <F BIT) PATTERN 



SIGNALING SYNCHRONIZATION 
BIT (S BIT) PATTERN 
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Figure 5. Multiframe Signal Relationships 



Table 1 . Output Propagation Delay 
Worst Case, From Rising Edge to TCLK 



OUTPUT 


MAX DELAY (NS) 


CHCLK 


300 


CHSYNC 


300 
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300 
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300 
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300 


SB IT 


400 


SIGFR 


475 


SBALRM 


475 


B2ALRM 


450 
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300 
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900 (R8060) 




600 (R8060A) 


CDB (1-8) 


400 
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Packaging Diagram 
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MAXIMUM RATINGS* 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vdo 


+ 4.75 to +5.25 


V 


Operating Temperature Range 


Top 


to + 70 


oc 


Storage Temperature Range 


TsTG 


-55 to +150 


''C 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is hot implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = + 5V ± 5%, Ta = 25''C) 



Parameter 


Symbol 


Min 


Max 


Unit 


lnputLogic"1" Voltage 


V,H 


2.0 


Vdd + 0.3 


V 


Input Logic "0" Voltage 


V|L 


-0.3 


0.8 


V 


Output Logic "1" Voltage 


VoH 


2.4 




V 


Output Logic "0" Voltage 


Vol 




0.4 


V 


Output Source Current 


W 


- 100 




/*A 


Output Sink Current 


Iql 


400 




mA 


Clock Frequency 


Tglk 




1.85 


MHz 


Input Capacitance 


C, 




■ 5 


pF 


Output Capacitance 


Co 




25 


PF 


Power Dissipation 


PdsS 




550 


mW 
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PRELIMINARY 



INTRODUCTION 



The R8070 T-1/CEPT Transceiver is a new generation PCM 
(Pulse Code Modulation) protocol device designed and manufac- 
tured by Rockwell International. The new device utilizes CMOS 
technology providing a higher level of component integration 
than its predecessors; low power dissipation and many features 
and capabilities. The device is designed to meet AT&T and 
CCITT specifications, including EXTENDED FRAME and CLEAR 
CHANNEL and/or CEPT applications using T-1 , T-1C or CEPT 
specifications. 

Product availability of R8070 T-1 /CEPT PCM Transceiver is 
Winter, 1984. 




• Operates with EXTENDED FRAMING, CLEAR CHANNEL 
and/or CEPT formats 

• Uses a clock of 1 .544 (T-1), 1 .576 {Vz T-IC), or 2.048 (CEPT) 
MHz depending on operation mode 

• Supports multiplex/demultiplex T-1 C, mode 1 (synchronous) 
operation 

• Formats data to be serially transmitted/received according to 
CCITT and AT&T specifications 

• Mode Selectable — provides 17 different data format and zero 
suppression mode combinations 

• Selectable serial or parallel digital data interface 

• Provides status and alarm information to peripheral equip- 
ments for control and status reporting 

• Allows external synchronization of the transmitter's internal 
circuitry 

• Generates signals for external processing of data 

• Interfaces between multiplexed digital signals and the PCM 
highway 

APPLICATIONS 

• Channel Banks — add signalling and framing information to 
the multiplexed 24-voice channels 

• CPI and DMI — provides bidirectional data communication 
between systems 

• PBX — interfaces between transmission medium and trunk 
side of PBX 

• Time and Space Division Switching — provides interface 
between PCM highway and dedicated time slot interchange 
circuitry 

• Can be used in virtually any voice/data system designed to 
AT&T or CCITT specifications for primary rate interface 



R8070 T-1 /CEPT PCM Transceiver 

FEATURES 

• PCM format transceiver (transmitter and receiver in one chip) 

• CMOS technology design 

• 5-volt single supply voltage 

• 64^pin QUIP package 

• Meets CCITT G.732, G.733 and G.703 (applicable parts) 
specifications, and AT&T advisories 



CUSTOMER BENEFITS 

Use of the R8070 will: 

• Reduce board layout area 

• Save power — CMOS low power dissipation 

• Provide higher design reliability — replaces 100 MSI with one 
chip 

• Provide cost reduction 

• Meet AT&T and CCITT specifications in a single device 

• Provide ease of signal processing on a digital data 




Document No. 29300N1 1 



11-23 



Product Summary Order No. 311 
March, 1984 





1 


R8070 T-1/CEPT PCM Transceiver 


SELECTABLE R8070 MODES 


MNEMONIC 


DESCRIPTION 


193N 


193 bits/frame, no signalling 
4 frames per super frame 
Zero suppression — B8ZS, B7 stuffing, or transparent 


193S 


193 bits/frame, with signalling 
1 2 frames per super frame 
Zero suppression — B8ZS, B7 stuffing, or transparent 


193E 


193 bits/frame, extended frame, with signalling 
24 frames per super frame 
Zero suppression — B8ZS, B7 stuffing, or transparent 


193F 


193 bits/frame, extended frame, no signalling 

24 frames per super frame 

Zero suppression — B8ZS or transparent 


197N 


197 bits/frame, V2 synchronous T-1C, no signalling 
4 frames per super frarrie 
Zero suppression, (None) transparent 


197S 


197 bits/frame, y2 synchronous T1-C, with signalling 
12 frames per super fi-ame 
Zero suppression, (None) transparent 


CEPT 

256N 


256 bits/frame, with signalling 
2 frames per super frame 
Zero suppression — HDB3 or transparent 


256S 


256 bits/frame, with signalling 
1 6 frames per super frame 
Zero suppression — HDB3 or transparent 


Legend: Zero Suppression Key 

B8ZS = Bipolar 8 Zero Substitution 

87 = Bit7 

HDB3 = High Density Bipolar 3 Zero Max 
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